
REVIEW Open Access

The effect of bystander cardiopulmonary
resuscitation on the survival of out-of-
hospital cardiac arrests: a systematic
review and meta-analysis
Jianting Song1, Wenxiu Guo2, Xiaoguang Lu3* , Xin Kang3, Yi Song3 and Dianbo Gong3

Abstract

Background: For many years, bystander cardiopulmonary resuscitation (BCPR) has been considered as a favorable
factor to improve survival of out-of-hospital cardiac arrests (OHCAs). To examine the effect of BCPR on the survival
of OHCAs and whether BCPR might also improve survival when the initial rhythm of OHCAs is limited, we
performed a meta-analysis on published observational studies.

Methods: We did a systematic review to identify all studies published up to March, 2018, in any language, that
reported the relation between BCPR and the survival of OHCAs. Using standard forms, two authors independently
identified studies for inclusion and extracted information. The outcome was survival. Meta-regression was done to
ascertain weighted factors for the outcomes.

Results: Data were extracted from 19 studies involving 232,703 patients. Firstly, pooled odds ratio (OR) from 16
cohort studies showed that BCPR was associated with improved chance of survival of OHCAs compared with
NO-BCPR (OR 1.95, 95% confidence interval [CI]: 1.66–2.30). Secondly, from 8 cohort studies of OHCAs whose initial
rhythm is limited, the pooled OR was 2.10 (95% CI, 1.68–2.63) of 6 articles for shockable rhythm and 1.07 (95% CI,
0.37–3.13) of 2 articles for non-shockable rhythm. Meta-regression showed a relation between the survival of OHCAs
and BCPR was influenced by area (p < 0.05).

Conclusions: Based on currently available evidence, the findings of this meta-analysis suggest that BCPR increases
the survival of OHCAs, and it also help OHCAs whose initial rhythm is shockable. That is to say BCPR is also helpful
when emergency department response time is short. Therefore global priority should be given to increasing the
incidence of BCPR by evidence-based best practice.
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Background
Cardiac arrest (CA) is a sudden loss of blood flow result-
ing from the heart suddenly stops beating, and it usually
causes death if not treated within minutes. There are
many causes of cardiac arrest, and cardiogenic disease is
the most common reason which accounting for 75–85%
[1]. Although the survival of cardiovascular diseases has

improved significantly over the past 30 years, the sur-
vival of out-of-hospital cardiac arrests (OHCAs) is not
apparently increasing globally [2]. According to statistics
5 million people worldwide will suffer from out-of-hos-
pital cardiac arrest (OHCA) every year, of which only 7%
will survive [3, 4].
Low survival of OHCAs can be attributed to many

factors of the chain of survival. Despite years of guidelines
of each country for cardiopulmonary resuscitation and
emergency cardiovascular care update, bystander cardio-
pulmonary resuscitation (BCPR) remains the most im-
portant factor to improve the survival of OHCAs [5].
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Some researchers found that the delay to defibrillation
was increased with the development of times, possibly be-
cause heavier traffic and the lack of emergency resources
[6]. This result made BCPR become a more important link
of the the survival chain of OHCA.
In 1973, American Heart Association’s decision to

endorse cardiopulmonary resuscitation (CPR) training of
the lay public give support to the concept of large-scale
training in many regions [7], and then there was a lot of
trainings of BCPR successively all over the world. The
bystanders of BCPR refers to onlookers of the OHCAs
without medical background, which include trained and
untrained lay rescuers in our meta-analysis.
This systematic review aimed to summarize current

research results on the survival of BCPR for OHCAs,
and make further discussion of the mechanism of BCPR
to improve the survival by limiting the initial rhythm of
OHCAs. and assessed whether BCPR improved the out-
come depending upon the initial rhythm of OHCAs.

Materials and methods
Search strategy and selection criteria
We followed the proposed MOOSE (Meta-Analysis of
Observational Studies in Epidemiology) [8] guidelines to
report the present meta-analysis. We conducted a search
of published English-language articles through searched
PubMed and Embase databases from the data of inception
until March, 2018 with search terms like “out-of-hospital
cardiac arrest”, “out-of-hospital ventricular fibrillation/
ventricular tachycardia/asystole/pulseless electrical activ-
ity”, “bystander cardiopulmonary resuscitation”. Addition-
ally, reference lists of every article were screened for
further related publications. There were no restrictions on
language, publication date or publication status.
Studies would be included if they agreed with the fol-

lowing criteria: 1) cohort design study; 2) containing
BCPR and NO-BCPR, were done for adult patients with
out-of-hospital cardiac arrest; 3) providing adjusted OR,
and corresponding 95% CI, or the number of events that
can calculate them.
In addition, studies which designed as case reports,

systematic reviews or studies with mutual overlapping
populations were excluded from this meta-analysis.

Data extraction
Two reviewers independently extracted the following data
from each eligible study: first author’s last name, year of
publication, site of origin, study period, study design, pa-
tients’ age, the number of cases and controls, adjusted OR,
statistical adjustments of confounding factors. Survival to
discharge was the primary outcome variable, if data of sur-
vival to hospital discharge were not available, we used
30-day survival as the primary outcome. Any disagree-
ments were resolved by consensus.

Methodological quality assessment
The risk of bias was analyzed according to Newcastle-
Ottawa Scale (NOS) for cohort studies, which consists
of three parameters of quality: selection, comparability,
and outcome assessment. NOS assigns a maximum score
of 4 for selection, 2 for comparability, and 3 for outcome.
Hence, a score of 9 is the highest and reflects the highest
quality.

Data synthesis and analysis
Firstly, we computed a pooled OR and 95% CI by using
Stata 12.0 to generate forest plots, to determine whether
there was a statistical association between BCPR and
survival and to assess heterogeneity of studies for all
OHCAs. Heterogeneity was quantified evaluated using
the chi-square based Cochran’s Q statistic [9] and the
I2 statistic, this statistic yields results ranging from 0
to 100% (I2 = 0–25%, no heterogeneity; I2 = 25–50%,
moderate heterogeneity; I2 = 50–75%, large heterogen-
eity; and I2 = 75–100%, extreme heterogeneity) [10]. If
heterogeneity existed, the random effects model was
used, otherwise, the fixed effects model was used. In
addition, we analyzed which factors influence hetero-
geneity by meta-regression analysis. If significant het-
erogeneity is identified, subgroup analysis was also
conducted according to the result of meta-regression.
If possible, potential publication bias was assessed by
visual inspection of the funnel plots of the primary
outcome [11]. The Begg rank correlation test was used
to examine the asymmetry of the funnel plot [12] and
the Egger weighted linear regression test was used to
examine the association between mean effect estimate and
its variance [11], P < 0.05 indicated bias, and P > 0.05 indi-
cated no publication bias. All statistical calculations were
performed by Stata 12.0.
Secondly, we computed a pooled OR and 95% CI to

present the effect of BCPR for patients whose initial
rhythms are shockable and non-shockable respectively,
and calculated heterogeneity with the method mentioned
above. If heterogeneity existed, the random effects model
was also used here.

Results
Literature search and selection
The search strategy generated 19 references: PubMed
(N = 934), Embase (N = 340). After 170 duplicates dis-
carded, we excluded publications based on titles and/or
abstracts, mainly because they are reviews, animal stud-
ies, case reports, editorials, letters, comments and con-
ference abstracts. 167 full-text studies were identified
for further assessment. Subsequently, studies were
excluded in line with the principle of PICOS (Patients-
Intervention-Comparison-Outcome-Study Style). Among
these studies, we excluded 144 studies which are mainly
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irrelevant to the PICOS: the characteristics of patients
(28 studies) including only pediatric patients and
OHCA with a non-cardiac cause, intervention (24 stud-
ies) including the comparison of the use of rescue
drugs/the rescue method/the time when the onlookers
started CPR/where the cardiac arrest occurred/whether
there is a dispatcher-assisted BCPR, comparison (26 stud-
ies) including no control group/no relevant comparison,
outcome (11 studies) including neurologic outcome/
mortality/return of spontaneous circulation, study style
(42 studies), studies where data could not be extracted
(7 studies), and duplicate reports (6 studies). Since all
of our included studies are observational studies, and
the survival of OHCAs is the result influenced by mul-
tiple factors, considering the confounding factors is
very important to study the effect of BCPR. Therefore,
this meta-analysis excludes 4 articles that do not con-
sider confounding factors [13–16]. Finally, 19 articles
were included. A flow chart showing the study selection
is presented in Fig. 1.

Description of the studies
The characteristics of 19 prospective/retrospective cohort
studies are presented in Table 1. These studies were pub-
lished from 1985 to 2017. Firstly, there are 16 articles
studied BCPR for all OHCAs, which include eight studies
were conducted in Europe [17–24], 3 in Asia [25–27], 4 in
America [28–31], 1 in Oceania [32]. The sizes of the

cohorts ranged from 722 to 66,780. There are two ORs in
one article [21], one from 1992 to 1995 and the other
from 2002 to 2005. Secondly, 8 articles reported OHCA
whose initial rhythm were shockable or non-shockable, 6
[6, 24, 25, 29, 32, 33] for shockable rhythm, only 2 [33, 34]
for non-shockable rhythm.

Quality of the included studies
There was good agreement between the reviewers in
regards to the validity assessments, the quality assess-
ment of all the published studies were shown in Table 2.
All of the studies were of high quality (NOS score higher
than 6). In terms of population selection bias, none of
the articles from Africa fitted our inclusion criteria.
Selection bias is likely because of unpublished data,
abstracts, and presentations were not included. In terms
of comparability bias, most studies included adequate
matching or adjustments for covariates such as emer-
gency medical services (EMS) response interval and the
patients’ age and so on. The most common outcome
bias was the lack of blinding.

Effects of interventions
Survival of all OHCAs
Sixteen studies prospectively or retrospectively investi-
gated the association between BCPR and survival of
OHCAs. Meta-analysis of these studies showed a signifi-
cantly increased chance of survival with BCPR comparing

Fig. 1 Summary of the studies selection process
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with NO-BCPR (Fig. 2) (OR: 1.95; 95%CI: 1.66–2.30;
P < 0.05). Substantial heterogeneity was observed (P < 0.001;
I2 = 86.8%)

Survival of OHCAs whose initial rhythm is shockable
6 studies reported the association between BCPR and
survival of OHCAs whose initial rhythm was shockable,
giving a total sample of 24,300 participants. The data
was analyzed by using a random-effects model according
to the heterogeneity test result (P = 0.013, I2 = 65.3%).
There was a significant difference between BCPR and
NO-BCPR in patients whose initial rhythm is shockable
with the OR of 2.10 (95%CI, 1.68–2.63, P < 0.05) (Fig. 3).

Survival of OHCAs whose initial rhythm is non-shockable
2 studies demonstrated the relationship between BCPR
and the survival of OHCAs whose initial rhythm was
non-shockable. A random-effects model was also used
here. However, the ORs for the association varied from
0.62 to 1.85 across studies. Overall, no difference was re-
corded between BCPR and NO-BCPR for OHCAs of
which initial rhythm is non-shockable (OR: 1.07 [95%CI,
0.37 to 3.13]; P > 0.05). Substantial heterogeneity was
observed (P < 0.001, I2 = 96.2%) (Fig. 3).

Fig. 2 Forest plot of studies reporting BCPR stratified by area

Table 2 Quality assessment according to the Newcastle-Ottawa
Scale

Study Selection Comparability Outcome Total

Cummins(1985) 4 2 2 8

Swor(1995) 4 2 2 8

Weston(1997) 3 2 2 7

Stiell(1999) 3 2 2 7

Holmberg(2000) 3 2 2 7

Finn(2001) 4 1 2 7

Herlitz(2003) 3 1 2 6

Herlitz(2005) 4 2 2 8

Iwami(2007) 4 2 2 8

Herlitz(2008) 3 2 2 7

Nordberg(2009) 3 2 2 7

Lindner(2011) 3 2 2 7

Wissenberg(2013) 4 1 2 7

Lai(2015) 3 2 2 7

Nehme(2015) 3 2 2 7

Hasselqvist-Ax(2015) 4 2 2 8

Gaieski(2017) 4 2 2 8

Tanaka(2017) 4 2 2 8
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Regression and subgroup analyses
Meta-regression analyses were conducted to assess predic-
tors of heterogeneity among odds ratios. Through multiple
meta-regression analyses, area may lead to heterogeneity
among the possible heterogeneity factors(years, area, out-
come index) (Table 3). Then subgroup analysis was con-
ducted according to regional differences (Fig. 2).

Publication Bias
Figure 4 showed that the funnel plot was symmetrical,
that indicated there was no publication bias existed.
The Begg rank correlation test and Egger linear regres-
sion test also indicated no evidence of publication bias

among studies of BCPR and the survival of OHCAs.
(Begg, p = 0.827; Egger, p = 0.439)

Discussions
A timely and effective cardiopulmonary resuscitation can
improved survival of OHCAs, and we all know that closed
chest CPR can save the patients who suffered from cardiac
arrest since 1960s. However, there was no systematic re-
view or meta-analysis evaluating the effect of BCPR by
limiting the initial rhythm of OHCAs. The initial rhythm
of cardiac arrest is classified into “shockable” versus
“non-shockable”, as determined by the electrocardiograph
(ECG) rhythm. This refers to whether a cardiac dysrhyth-
mia can be treatable by using defibrillation. The two
“shockable” rhythms are ventricular fibrillation(VF) and
pulseless ventricular tachycardia(VT) while the two “non–
shockable” rhythms are asystole and pulseless electrical
activity. However, the most important finding of our study
is that BCPR can improve the survival of OHCAs whose
initial rhythm is shockable rhythm.
So, our meta-analysis was conducted for OHCAs by

limiting and no-limiting initial rhythm to show the sig-
nificance of BCPR and discuss further the mechanism of
BCPR improving the survival of OHCAs.
Not surprisingly, when no-limiting the initial rhythm,

our results, which BCPR improved the survival of
OHCAs [35], were the same as those of previous stud-
ies in animals and studies including registry data. Its
mechanism, which demonstrated by many epidemiological

Table 3 Meta-regression analysis of Included Studies

VARIABLES y

Outcome 0.298

−0.19

Year −0.00502

−0.0104

Area −0.150†

−0.0636

Constant 10.5

−20.66

Observations 17

Notes_Titles: ‡ p < 0.01, † p < 0.05, * p < 0.1

Fig. 3 Forest plot of studies reporting BCPR stratified by initial rhythm
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surveys [29, 36–39], may be prolonging the time window
for defibrillation to maintain more shockable rhythm as
the initial rhythm when EMS arrived, since the outcome
of OHCA is strongly related to whether or not the patient
has shockable rhythms when the EMS arrives [16, 40].
When limiting the initial rhythm, our results demon-

strated that BCPR still had a good survival compared
with NO-BCPR when the initial rhythm of OHCAs was
shockable. So we assumed that BCPR not only pro-
longed the shockable rhythm, but also played other roles
for OHCAs. It is possible to keep more cardiomyocytes
alive while maintaining the initial rhythm.
For the patients whose initial rhythm is non-shockable,

the result of this meta-analysis should be made a further
confirmation by more researches and epidemiological
surveys.
Some previous articles have demonstrated that BCPR

has no effect on patients whose initial rhythm is shock-
able when EMS arrived. The results of our meta-analysis
denied this conclusion and showed BCPR’s effect on VT/
VF. Three-phase model of ventricular fibrillation [41] also
showed that in the circulatory phase, chest compression
could improve the blood supply of myocardium and it
took priority over defibrillation. In a word, CPR also has
positive effect on the patients whose initial rhythm is
VT/VF.
Through multiple meta-regression analysis we con-

cluded that the region was a factor that affects heterogen-
eity. Previous epidemiological survey [3] also showed that
North America had the highest incidence of resuscitation
for cardiac arrest and Asia had the lowest percentage of
VF and the lowest survival rates. Comparing with America
and Europe, popularizing BCPR in Asia is relatively late,

so the quality of BCPR might be lower in Asia. And dif-
ferent emergency medical system in different country
might also be a factor. Therefore, good experiences
from America and Europe should be learned by Asia
and other regions. For example, in terms of CPR train-
ing, “cascade” training [18] which means instructor
trainers train instructors who then train rescuers in their
turn might be a good method to make more people ac-
countable, video-based training [42] might be a good way
to transmit the right message to more people and easy to
deliver, and making CPR training become mandatory
might be helpful too. As for increasing the incidence of
BCPR, telemedicine and dispatcher assisted CPR [43, 44]
might be an effective method.
Because of the simplicity and non-invasive of standard

CPR, it is not just a medical practice but a common
practice for everyone. Since BCPR has an irreplaceable
role in improving the survival of OHCAs, we should pay
more attention to increasing the incidence of cardiopul-
monary resuscitation and ensuring the quality of cardio-
pulmonary resuscitation.
A major strength of our study is that this is the first

systematic review/meta-analysis which evaluates the ef-
fect of BCPR by limiting and no-limiting initial rhythm.
Moreover, the number of participants was a relatively
large sample size to clarify and confirm this issue. In
addition, we strictly enforce the literature search, data
extraction and analysis, in order to ensure the credibility
of our results.

Limitations
However, several limitations should be acknowledged.
The first is the substantial heterogeneity among included

Fig. 4 Funnel plot based on Odds Ratio for association between BCPR and the survival of OHCAs
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articles. The organization of each country’s emergency
system is different, so that the first aid measure provided
by them is also different. And the quality of BCPR in each
region is uneven due to the different degree of training
and emphasis. Some studies suggest that high quality
BCPR by professionals is more effective, and ventricular
fibrillation as initial rhythm is more common than ordin-
ary bystanders [21]. Nevertheless, in the majority of stud-
ies in this meta-analysis, no data were available whether
the bystander had been trained in cardiopulmonary resus-
citation or not, so we were unable to measure the quality
of the BCPR. The second is that the articles which are
about OHCAs whose initial rhythm is non-shockable
rhythm are less, therefore, the authenticity of the result re-
mains to be confirmed.

Conclusions
Our meta-analysis provides evidence suggesting that
BCPR not only plays an important role for OHCAs in-
cluding the initial rhythm of OHCAs is shockable
rhythm when EMS arrived. But also works for patients
whose initial rhythm is shockable. However, the findings
should be interpreted cautiously in line with the overall
methodological quality and potential biases of the in-
cluded trials. More clinical studies and basic trials are
necessary for further evaluation of the effectiveness of
BCPR and exploration the mechanism by which BCPR
improves the survival.
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