
RESEARCH Open Access

A meta-analysis of the resuscitative effects
of mechanical and manual chest
compression in out-of-hospital cardiac
arrest patients
Ni Zhu1†, Qi Chen2†, Zhixia Jiang2†, Futuan Liao1, Bujin Kou1, Hui Tang3 and Manhong Zhou1,3*

Abstract

Objectives: To evaluate the resuscitative effects of mechanical and manual chest compression in patients with out-
of-hospital cardiac arrest (OHCA).

Methods: All randomized controlled and cohort studies comparing the effects of mechanical compression and
manual compression on cardiopulmonary resuscitation in OHCA patients were retrieved from the Cochrane Library,
PubMed, EMBASE, and Ovid databases from the date of their establishment to January 14, 2019. The included
outcomes were as follows: the return of spontaneous circulation (ROSC) rate, the rate of survival to hospital
admission, the rate of survival to hospital discharge, and neurological function. After evaluating the quality of the
studies and summarizing the results, RevMan5.3 software was used for the meta-analysis.

Results: In total, 15 studies (9 randomized controlled trials and 6 cohort studies) were included. The results of the
meta-analysis showed that there were no significant differences in the resuscitative effects of mechanical and manual
chest compression in terms of the ROSC rate, the rate of survival to hospital admission and survival to hospital
discharge, and neurological function in OHCA patients (ROSC: RCT: OR = 1.12, 95% CI (0.90, 1.39), P = 0.31; cohort study:
OR = 1.08, 95% CI (0.85, 1.36), P = 0.54; survival to hospital admission: RCT: OR = 0.95, 95% CI (0.75, 1.20), P = 0.64; cohort
study: OR = 0.98 95% CI (0.79, 1.20), P = 0.82; survival to hospital discharge: RCT: OR = 0.87, 95% CI (0.68, 1.10), P = 0.24;
cohort study: OR = 0.78, 95% CI (0.53, 1.16), P = 0.22; Cerebral Performance Category (CPC) score: RCT: OR = 0.88, 95% CI
(0.64, 1.20), P = 0.41; cohort study: OR = 0.68, 95% CI (0.34, 1.37), P = 0.28). When the mechanical compression group
was divided into Lucas and Autopulse subgroups, the Lucas subgroup showed no difference from the manual
compression group in ROSC, survival to admission, survival to discharge, and CPC scores; the Autopulse subgroup
showed no difference from the manual compression subgroup in ROSC, survival to discharge, and CPC scores.

Conclusion: There were no significant differences in resuscitative effects between mechanical and manual chest
compression in OHCA patients. To ensure the quality of CPR, we suggest that manual chest compression be applied in
the early stage of CPR for OHCA patients, while mechanical compression can be used as part of advanced life support
in the late stage.
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Background
Out-of-hospital cardiac arrest (OHCA) is a sudden car-
diac arrest and loss of consciousness that occurs outside
of a hospital. Cardiopulmonary resuscitation (CPR) is
the only effective way to rescue patients with OHCA.
Chest compression is the core of modern CPR. Its qual-
ity directly affects the perfusion of the coronary and
common carotid arteries and ultimately influences the
prognosis of patients with cardiac arrest (CA). Some
studies have reported that high-quality CPR (mainly
high-quality chest compression) improves the recovery
and survival rates of CA patients [1, 2]. The 2015
American Heart Association (AHA) cardiopulmonary
resuscitation guidelines suggest that high-quality CPR
has the following characteristics: adequate frequency,
sufficient depth, full chest recoil, minimal interruptions
during compressions, and avoidance of hyperventilation
[3]. The advantage of manual compression as a trad-
itional chest compression method is that it can be used
to quickly intervene in the rescue of an OHCA patient
without the need for any mechanical assistance; however,
the compression quality is degraded by fatigue after pro-
longed implementation [4]. Since the first chest com-
pression device was introduced in 1908, mechanical
compression methods have been proposed and imple-
mented in various animal studies of CPR. Because the
machine does not stop or tire, it can ensure the imple-
mentation of high-quality compression with sufficient
frequency, sufficient depth, and a lack of interruptions
[5]. Some animal and clinical experimental studies have
also shown that mechanical compression can achieve
higher intrathoracic pressure than manual compression,
thereby increasing blood flow and perfusion pressure in
coronary and systemic circulation [6–8]. The current
mechanical compression systems are mainly divided into
two types. The first is a point-to-point press, which is
represented by Lucas. It mainly provides compression of
the lower sternum. The other type is a load-distribution
press, which is represented by Autopulse. This type
evenly distributes the pressure throughout the whole
thorax to achieve three-dimensional pressing. The disad-
vantages of mechanical compression are that it requires
equipment that is often not available and is not used in
a timely manner. For CPR in patients with OHCA, both
manual and mechanical compression have advantages
and disadvantages, and there is no consensus regarding
their effects and outcomes. Several recent meta-analyses
have been performed, including the network
meta-analysis by Khan et al. in 2018. Although that
meta-analysis included 7 randomized controlled trials
(RCTs), it also used network meta-analysis and showed
that the 30-day survival rate, the discharge survival rate,
and the nervous system function of those treated with
manual compression were significantly better than those

treated with the load distribution provided by Autopulse
and were not significantly different from those treated
with mechanical compression provided by Lucas. How-
ever, this study only performed a meta-analysis of RCTs,
and our study not only added two RCTs to the original
literature but also conducted a meta-analysis of cohort
studies. In 2016, Li et al. conducted a meta-analysis of
in-hospital and out-of-hospital CA patients; they in-
cluded 8 RCTs, 3 prospective studies, and 1 descriptive
study, which were combined for meta-analysis, and sep-
arately analyzed the victims of CA in the hospital and
outside the hospital. Brooks et al. in 2014 and Westfall
et al. in 2013 performed two meta-analyses, which in-
cluded subgroup analyses despite the presence of fewer
out-of-hospital RCTs and could not definitely explain
the advantages and disadvantages of mechanical com-
pression and manual compression. In 2012, Ong et al.
completed only a systematic review and did not perform
a meta-analysis [9–13]. Therefore, the conclusions
drawn by these studies are not reliable. Hence, we con-
ducted this meta-analysis, which includes the latest
RCTs with OHCA patients and cohort studies, to inves-
tigate and compare the effects of mechanical and man-
ual compression on the survival and prognosis of
OHCA patients. To avoid data duplication, we selected
only the most current study with the largest sample size
when multiple studies were published by the same au-
thor. We retrieved 4 new RCTs and divided the studies
into Lucas and Autopulse subgroups to further deter-
mine the advantages and disadvantages of mechanical
compression and manual compression.

Methods
Type of study
This meta-analysis includes published randomized con-
trolled clinical trials and cohort studies on the use of
mechanical compression and manual compression to
treat out-of-hospital CA. The included studies included
different types of mechanical compression and manual
compression groups. The patients in the studies were re-
quired to be adults with CA, and the outcome measures
included the rates of the return of spontaneous circula-
tion (ROSC), survival to hospital admission, and survival
to hospital discharge, and Cerebral Performance Cat-
egory (CPC) scores.

Inclusion and exclusion criteria
Inclusion criteria
(1) Patients or participants: the included participants
were OHCA patients. (2) Intervention measures: the
comparison was between mechanical compression and
manual compression. (3) Outcome indicators: the out-
come indicators included primary outcome indicators,
such as the rate of the ROSC, and secondary outcome
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indicators, such as the rate of survival to hospital admis-
sion, the rate of survival to hospital discharge, and CPC
scores. Each study included at least one of the primary
and one of the secondary indicators. (4) Study type: the
included studies were RCTs or cohort studies.

Exclusion criteria
The exclusion criteria were as follows: (1) the study
lacked a control group or was not one of the two in-
cluded types of studies. (2) The study included children
younger than 18 years, animal studies, or simulation
studies. (3) The original text could not be obtained, and
the available information was insufficient. (4) The ori-
ginal data could not be transformed to be used in this
study. (5) If the same institutions or individuals were
found to have published a number of related studies, all
but the most comprehensive study was excluded to
avoid repetition. When relevant studies with different
sample populations were published by the same institu-
tions or individuals, all but the study with the largest
sample size were excluded. The specific screening
process is shown in Fig. 1.

Literature search
The literature search was conducted independently by two
authors. All RCTs and cohort studies comparing the ef-
fects of mechanical compression and manual compression
on CPR in OHCA patients were retrieved from the
Cochrane Library, PubMed, EMBASE, and Ovid databases

from the date of database establishment to January 14,
2019. Keywords included “mechanical,” “manual,” “cardio-
pulmonary resuscitation,” and “heart arrest.”

Data extraction
Two independent researchers collected the data from
the included studies that were needed to perform a
meta-analysis. If the evaluators had different opinions,
they resolved the discrepancies by discussion or, if ne-
cessary, by sending the data to be evaluated by a third
investigator. The outcome indicators were as follows:
the primary outcome was the ROSC rate, and the sec-
ondary outcome indicators were the rate of survival to
hospital admission, the rate of survival to discharge, and
the neurological function score. Neurological function
scores were assessed using levels 1 and 2 of the
Glasgow-Pittsburgh CPC scale. The CPC score mainly
revealed the patients’ neurological function at discharge.

Literature quality evaluation
The study included RCTs and cohort studies. The qual-
ity of the included studies was independently evaluated
by two authors according to the Cochrane Quality Rat-
ing Scale and the Newcastle Ottawa Scale (NOS). This
study used the Cochrane scale to evaluate the RCTs; the
Cochrane scale assesses the generation of random se-
quences, randomized concealment, blinding, and the de-
scription of outcomes. The NOS scale was used for the
cohort studies; it includes the selection of the cohort,

Fig. 1 Flow diagram of the search criteria and the reasons for exclusion
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the comparability between groups, and the results and
yields a possible score of 9 points.

Data analysis
Meta-analysis of the data was performed using Review
Manager 5.3, and the χ2 test and the I2 heterogeneity test
were applied. I2 was used to test the heterogeneity be-
tween the included studies. Study heterogeneity was
measured using the χ2 and I2 statistics, with χ2 P < 0.05
and I2 ≥ 50% indicating heterogeneity. According to the
Cochrane systematic review mentioned in the Cochrane
Handbook, as long as I2 is no more than 50%, the het-
erogeneity is acceptable [14]. Considering the
between-study heterogeneity, a “random effects”
meta-analytical technique was applied, resulting in a
more conservatively calculated OR than that obtained
with a fixed effects model. The count data are described
as the odds ratio (OR) and its 95% confidence interval
(CI). A funnel plot was used to analyze publication bias.

Results
Literature search
From the databases, 1841 related documents were iden-
tified; 820 articles were repeats, and 971 articles were ex-
cluded after reading the titles and abstracts. Two
authors read the full texts of 50 articles, and 15 studies
[15–29] were finally included in the analysis. The
screening process is shown in Fig. 1.

Document quality assessment and data extraction
The basic information for the 15 studies included the year
of publication, authors’ names, country, and type of mech-
anical compression examined. The relevant physiological
indexes and prognostic indexes included the ROSC rate,
the rate of survival to hospital admission, the rate of sur-
vival to discharge, and the CPC score. Two authors read
15 articles (104,715 cases, including 78,157 in the manual
compression group and 26,558 in the mechanical com-
pression group) and summarized the quality and specific
characteristics of these articles (Tables 1, 2, and 3).

Meta-analysis results
Return of spontaneous circulation rate
Twelve of the included studies (including 98,826 cases)
performed statistical analyses of the observed indicators.
Among these studies, there were 23,871 cases in the
mechanical compression group and 74,955 cases in the
manual compression group. There were 6 RCTs and 6
cohort studies. The heterogeneity test results showed
that I2 was 73% and 87% for the RCTs and cohort stud-
ies, respectively, suggesting significant heterogeneity
among the studies. Statistical analysis was performed
using the random effects model, and no significant dif-
ference was found in the ROSC rate between the

mechanical compression group and the manual com-
pression group [RCT: OR = 1.12, 95% CI (0.90, 1.39), P
= 0.31; cohort study: OR = 1.08, 95% CI (0.85, 1.36), P =
0.54]. The forest plots are shown in Figs. 2 and 3.
When the mechanical compression group was further

divided into the Lucas group and the Autopulse group,
the results showed that there was no heterogeneity
among the 6 studies in the Lucas group (OR = 1.07, 95%
CI (0.95, 1.20), P = 0.25). The heterogeneity among the 4
studies in the Autopulse group was I2 = 91% (OR = 1.15,
95% CI (0.94, 1.41), P = 0.38). There were no significant
differences in the ROSC rate between the two mechan-
ical compression subgroups and the manual compres-
sion group in patients with OHCA.

Survival to hospital admission
Eight of the included studies (including 93,478 cases) per-
formed statistical analysis of the observed indicators. There
were 72,328 cases in the manual compression group and
21,150 cases in the mechanical compression group. Among
these 8 studies were 3 RCTs and 5 cohort studies. The het-
erogeneity test results showed that I2 was 0% and 64% for
the RCTs and cohort studies, respectively, indicating there
was no heterogeneity in the RCTs and significant heterogen-
eity in the cohort studies. The statistical analysis was per-
formed using the random effects model, which showed no
significant difference in the rate of survival to hospital admis-
sion between the mechanical compression group and the
manual compression group [RCT: OR= 0.95, 95% CI (0.75,
1.20), P = 0.64; cohort study: OR= 0.98 95% CI (0.79, 1.20),
P = 0.82]. The forest plots are shown in Figs. 4 and 5. When
the mechanical compression group was further divided into
the Lucas group and the Autopulse group, the results
showed that there was no heterogeneity among the 3 studies
in the Lucas group and no difference between the Lucas sub-
group and the manual compression group (OR= 0.95, 95%
CI (0.77, 1.81), P= 0.66). In the Autopulse subgroup, only
one result published by Marcus Eng Hock Ong in 2012
showed that the survival rate of Autopulse admission was su-
perior to that of the manual compression group; hence, more
research is needed to further validate this result.

Survival to hospital discharge
Thirteen of the included studies (including 99,831 cases)
performed a statistical analysis of the observed indicators.
Among them, there were 75,141 cases in the manual com-
pression group and 24,690 cases in the mechanical com-
pression group. The heterogeneity results for RCTs and
cohort studies showed that I2 was 52% and 70%, respect-
ively, suggesting that there was heterogeneity among the
studies. Hence, the random effects model was applied for
the statistical analysis of the indicators; the analysis
showed that there was no significant difference in the rate
of survival to hospital admission between the manual
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compression group and the mechanical compression
group [RCT: OR = 0.87, 95% CI (0.68, 1.10), P = 0.24; co-
hort study: OR = 0.78, 95% CI (0.53, 1.16), P = 0.22]. The
forest plots are shown in Figs. 6 and 7.
When the mechanical compression group was further di-

vided into the Lucas group and the Autopulse group, the
results showed that there was no heterogeneity among the
6 studies in the Lucas group, I2 = 20% (OR = 0.86, 95% CI
(0.69, 1.06), P = 0.16). The heterogeneity among the 5 stud-
ies in the Autopulse group was I2 = 72% (OR = 1.06, 95%
CI (0.59, 1.91), P = 0.84). The random effects model was
applied for the statistical analysis of the indicators. The
final results showed no significant difference in the rate of
survival to discharge between the two subgroups of mech-
anical compression and the manual compression group in
patients with OHCA.

CPC score
Eight of the included studies (including 91,335 cases)
performed statistical analysis of the observed indicators.
Among them, there were 69,092 cases in the manual
compression group and 22,243 cases in the mechanical
compression group. The heterogeneity test results
showed that I2 was 63% for the RCTs and 82% for the
cohort studies, suggesting that the heterogeneity among
the studies was high. Therefore, the random effects

model was used to analyze the observed indicators. No
significant difference in the CPC score was found be-
tween the manual compression and mechanical com-
pression groups [RCT: OR = 0.88, 95% CI (0.64, 1.20), P
= 0.41; cohort study: OR = 0.68, 95% CI (0.34, 1.37), P =
0.28]. The forest plots are shown in Figs. 8 and 9.
Subgroup analysis showed higher heterogeneity among

the studies in both the Lucas group and the Autopulse
group, with I2 = 76% and I2 = 79%, respectively. Therefore,
the random effects model was applied for the statistical
analysis, and it showed no significant difference in the CPC
scores of the manual compression group and the mechan-
ical compression group. The forest plot is shown in Fig. 8.
One explanation for the lack of an observed difference is
the fact that the CPC score is relatively subjective, even
though there are consistent standards; consequently, the
differences between the studies are relatively large.

Study publication bias
The funnel plot that analyzed the rate of ROSC, the rate of
survival to hospital admission, the rate of survival to dis-
charge, and the CPC score in the OHCA patients in both
the mechanical compression group and the manual com-
pression group showed that most of the studies in the fig-
ure are symmetrical and adhere to the inverted funnel
shape, which indicates that the publication bias is low.

Table 1 Cochrane quality scale for randomized controlled studies

Study Allocation
generation

Allocation
concealment

Blinding of
participants

Blinding of
assessors

Outcome
complete

Outcome
selective

Other biases

1998 Edward T High High Unclear Unclear High Unclear High

2006 Al Hallstrom Medium Medium Unclear Unclear Medium Unclear Unclear

2011 David Smekal Medium Low Unclear Unclear Medium Unclear Unclear

2014 Lars Wik Medium Low Unclear Unclear Medium Unclear Unclear

2014 Sten Rubertsson Medium Low Unclear Unclear Medium Unclear Unclear

2015 Gavin D Perkins Low Low Unclear Unclear Low Unclear Unclear

2016 Venkataraman Medium Medium Unclear Unclear Medium Unclear Unclear

2016 Chengjin Gao Low High Unclear Unclear Medium Unclear Unclear

2017 Bjarne Medium High Unclear Unclear Medium Unclear Unclear

Table 2 NOS quality scale for cohort studies

Study Selection of cohort Comparable Outcomes Score

Selection of
the exposure

Selection of the
nonexposure

Determination
of exposure

Initially
healthy
subjects

Comparable
between
the cohorts

Outcome
measurement
method

Sufficient
follow-up

Integrity of
follow-up

2006 Christer Axelsson 1 1 1 1 2 1 0 0 7

2012 Marcus Eng Hock Ong 1 1 1 1 2 1 0 0 7

2015 Sebastian Zeiner 1 1 1 1 2 1 0 0 7

2015 Ching-Kuo Lin 1 1 1 1 2 1 0 0 7

2016 David G. Buckler 1 1 1 1 1 1 0 0 6

2017 Kei Hayasida 1 1 1 1 2 1 0 0 7
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Table 3 Summary of the included studies

Year Author Country Type of
medical device

Setting CPC score ROSC Survival to
admission

Survival to
discharge

113/655:2/44 236/655:13/44 Not reported 117/655:5/44

1998 Edward T.
Dickinson

USA Thumper Out of
hospital

Not reported Not reported 0/10:1/7 0/10:0/7

2006 Christer
Axelsson

Sweden Lucas Out of
hospital

Not reported 51/105:52/105 37/105:38/
105

4/105:2/105

2006 Al Hallstrom USA and
Canada

Autopulse Out of
hospital

28/371:12/391 Not report Not reported 37/373:23/394

2011 David Smekal Sweden Lucas Out of
hospital

Not reported 23/73:30/75 15/73:18/75 7/73:6/75

2012 Marcus Eng
Hock Ong

Singapore Autopulse Out of
hospital

2/459:13/552 103/459:195/
552

6/459:18/552 2/459:13/552

2014 Lars Wik Norway Autopulse Out of
hospital

Not reported 689/2132:
600/2099

Not reported 233/2132:196/
2099

2014 Sten
Rubertsson

Sweden,
Netherlands,
and UK

Lucas Out of
hospital

100/1289:108/
1300

466/1289:
460/1300

Not reported 118/1289:
117/1300

2015 Sebastian
Zeiner

Austria Lucas and
Autopulse

Out of
hospital

113/655:19/239 236/655:82/239 Not reported 117/655:31/239

2015 Gavin D
Perkins

UK Lucas Out of
hospital

168/2815:
77/1649

Not reported 193/2819:
104/1652

Not reported

2015 Ching-Kuo
Lin

Taiwan Life-Stat 1008
Cardiopulmonary
Resuscitator

Out of
hospital

Not reported 51/188:72/216 33/188:48/
216

Not reported

2016 David G.
Buckler

USA Not reported Out of
hospital

5976/63056:
984/17625

20,493/63056:
5023/17625

18,097/63056:
4389/17625

7125/63056:
1234/17625

2016 Chengjin
Gao

China Autopulse Out of
hospital

2/64: 5/69 15/64:31/69 Not reported 4/64:13/69

2017 Venkataraman
Anantharaman

Singapore Lucas Out of
hospital

Not reported 258/923:88/255 Not reported 27/923:13/255

2017 Kei Hayasida Japan Lucas and
Autopulse

Out of
hospital

Not reported 1561/5619:
240/918

1019/5619:
156/918

145/5619:23/918

2017 Bjarne Madsen
Hardig

Sweden Lucas Out of
hospital

89/383:92/374 222/383:
218/374

Not reported 99:383 99:374

Fig. 2 Forest plot of the ROSC for RCTs

Zhu et al. Critical Care          (2019) 23:100 Page 6 of 11



Discussion
The application of CPR for CA patients aims to restore
spontaneous circulation as soon as possible and to obtain
better neurological function after discharge. The 2015
AHA guidelines for CPR emphasize the importance of
high-quality CPR for the survival of CA patients [3].
Current methods of compression include manual com-
pression and mechanical compression, each of which has
advantages and disadvantages. The network meta-analysis
by Khan et al. [13] in 2018 showed that manual compres-
sion was significantly better than mechanical compression
in 30-day survival, discharge survival, and neurological
function, especially over load-distributed distribution
press provided by Autopulse; however, it had no signifi-
cant difference with the Lucas mechanical press. More-
over, manual compression was better than the Autopulse
mechanical compression in the formation of pneumo-
thorax and hematoma. Li et al. [12] performed a
meta-analysis of in-hospital and out-of-hospital CA pa-
tients in 2016 and showed that for out-of-hospital CA,
there was no significant difference in CPC score,

admission survival rate, and discharge survival rate be-
tween manual compression and mechanical compression,
and that manual compression was superior to mechanical
compression in the rate of spontaneous circulation recov-
ery, especially superior to mechanical compression pro-
vided by Autopulse. For in-hospital CA, manual
compression was superior to mechanical compression in
the rate of spontaneous circulation recovery and discharge
survival [12]. Brooks et al. [11] conducted a meta-analysis
in 2014, only analyzed the neurological function scores,
and showed that manual compression was superior to
mechanical compression. Westfall et al. [9] conducted a
meta-analysis in 2013 and showed that the mechanical
compression provided by LBD was superior to manual
compression in the rate of spontaneous circulation recov-
ery, but there was no difference in the rate of spontaneous
circulation recovery between the piston-driven cardiopul-
monary resuscitation and manual compression. There
were no consistent results in the previous results about
the superiority of mechanical compression and manual
compression, so the conclusions may be not reliable. This

Fig. 3 Forest plot of the ROSC for cohort studies

Fig. 4 Forest plot of survival to admission for RCTs
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meta-analysis included 15 relevant studies: 9 RCTs and 6
cohort studies. The results showed that there were no dif-
ferences between manual compression and mechanical
compression in terms of the four observed indicators (the
ROSC rate, the rate of survival to hospital admission, the
rate of survival to hospital discharge, and CPC scores). In
addition to the ROSC rate, the results of the remaining
three outcome measures were consistent with the results
of the meta-analysis of outpatients with CA performed by
Li et al. in 2016 [12]. When mechanical compression was
divided into Lucas and Autopulse subgroups, the results
showed no significant difference between the Lucas sub-
group and the manual compression group for the ROSC,
survival to admission rate, survival to discharge rate, and
CPC scores. There were no differences between the
Autopulse subgroups and the manual compression group
for the ROSC, survival to discharge rate, and CPC score.
The Autopulse subgroup was superior to the manual

compression group in terms of the survival to admission
rate, but this conclusion was drawn from only one study
(Marcus Eng Hock Ong’s study in 2012), and the study
uses manual compression to reduce the duration of com-
pression interruption before and Autopulse application.
Therefore, the study may have a large bias, and more ori-
ginal studies are needed to further verify the results. The
possible reasons for the above results are as follows: (1)
Although most of the studies included were RCTs, the
descriptions of the randomization methods, such as the
generation of random sequences, were not specific; add-
itionally, there were significant differences in the way in
which compression was performed, and the requirements
for blinding were not met. Some studies [21–23, 25, 26]
used two compression methods; however, mechanical
compression requires more preparation time than manual
compression, and CPR requires early chest compression.
Due to the need to save the patient’s life, both the

Fig. 5 Forest plot of survival to admission for cohort studies

Fig. 6 Forest plot of survival to discharge for RCTs
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experimental group and the control group first received
manual compression and then were grouped into the
manual and mechanical compression groups. (2) In actual
situations, mechanical compression can be often used for
patients in whom early defibrillation cannot be applied or
for CA patients who require long-term chest compres-
sions. These CA patients usually have a worse prognosis
than patients who receive early defibrillation or who ex-
perience early ROSC. Because most of the studies in-
cluded stratification of shockable and nonshockable
rhythm and CA with witnesses and CA without witnesses,
further meta-analysis was performed between patients
with shockable and nonshockable rhythm and patients
with witnessed CA and unwitnessed CA. For nonshock-
able CA and shockable CA, the included studies showed
no significant difference between the mechanical com-
pression group and the manual compression group (non-
shockable CA: OR = 1.10, 95% CI (0.93, 1.31), P = 0.26;
shockable CA: OR = 0.87, 95% CI (0.72, 1.06), P = 0.16);
there was also no significant differences between the

witness and unwitnessed CA subgroups (unwitnessed CA:
OR = 0.94, 95% CI (0.71, 1.25), P = 0.68; witnessed CA:
OR = 1.07, 95% CI (0.81, 1.41), P = 0.66); however, there
was a lack of detailed descriptions of the populations that
received mechanical compression and manual compres-
sion, e.g., whether the CA victims had unpredictable fac-
tors such as ineffective early defibrillation and a need for
long-term compression. It is impossible to determine
whether there was selection bias in the included studies.
(3) Complications or comorbidities of CPR have signifi-
cant impacts on the prognosis of CA patients. Although
some studies have shown that the type and extent of in-
jury caused by manual compression is not significantly dif-
ferent from that caused by mechanical compression [30],
CA patients who receive mechanical compression are
more likely to develop rib or sternal fractures, pneumo-
thorax and subcutaneous emphysema [23], resulting in
more complex treatment after admission and an increased
risk of death. Therefore, it seems that mechanical com-
pression is not better than manual compression. The

Fig. 7 Forest plot of survival to discharge for cohort studies

Fig. 8 Forest plot of CPC scores for RCTs
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network meta-analysis by Khan et al. in 2018 also showed
that compared with mechanical compression, manual
compression led to less pneumothorax and hematoma
[13]. This finding requires further meta-analysis or RCTs to
verify. (4) At the same time, the current mechanical com-
pression systems have drawbacks. Although the mecha-
nisms of cardiac compression can be simulated well,
mechanical compression systems, from the early Thumper
system to the current Lucas and Autopulse systems, have
consistently lacked quality detection methods and cannot
indicate the quality and safety of chest compressions in a
timely manner. These systems are not suitable for very
large or very small patients, and they are difficult to trans-
port, rendering them less useful for the early application of
compression. In fact, in addition to the effects of timely and
uninterrupted high-quality compression on the prognosis
of CA patients, other factors, such as the time between car-
diac arrest and treatment and the type of initial arrhythmia,
also affect the quality of CPR. As described in a prospective,
multicenter, observational article by Hayashida in 2017,
mechanical compression may be associated with a poor
prognosis for CA victims given the potential confounders
of out-of-hospital first aid. It is believed that further re-
search is needed to clarify whether there is a benefit to
mechanical compression [29]. Therefore, it can be con-
cluded that mechanical chest compression is not superior
to manual chest compression.
The limitation of this meta-analysis lies in the fact that it

is a secondary analysis of original literature. Although most
of the original studies included were RCTs, their quality
scores were low, and the included studies did not include
Chinese patients; the majority of the medical records exam-
ined in each study were from Europe and the USA. This
may lead to a geographical limitation on the applicability of
the results. This meta-analysis targeted adult OHCA pa-
tients but included different age groups. In addition, differ-
ent individuals may have different underlying diseases, and
the causes of OHCA in different individuals may affect the
quality of CPR. At the same time, the results of the study

also suggest that regardless of how technology develops,
manual compression is the most timely method of CPR,
and it is an effective way to rescue patients with OHCA.

Conclusion
This meta-analysis included 15 relevant studies. There
were no significant differences in the rate of ROSC, rate
of survival to admission, rate of survival to discharge,
and neurological function scores between the manual
compression and mechanical compression groups. When
the mechanical compression group was divided into Lu-
cas and Autopulse subgroups, the results showed that
the Lucas subgroup did not differ significantly in the
ROSC, admission survival rate, discharge survival rate,
and CPC scores compared with the manual compression
group. The Autopulse subgroup had no difference in
ROSC, discharge survival rate, and CPC scores com-
pared with the manual compression group. However,
manual compression is more advantageous because it
can be implemented in a timely and effective manner,
while mechanical compression tends to cause more
complications. Therefore, we recommend that manual
compression be performed in the early stage of CPR to
rescue OHCA patients. Mechanical compression can be
used as part of advanced life support, but it cannot cur-
rently completely replace timely manual compression.

Acknowledgements
Financial support and sponsorship: This work was supported by the National
Natural Science Foundation of China (81460291) and the Guizhou Province
Science and Technology Fund (Qiankehe J word [2014] no. 2183).

Funding
None.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Authors’ contributions
NZ, QC, ZJ, and MZ analyzed the data and wrote the paper. FL, BK, and HT
collected the data. MZ designed the study and revised the paper. All authors
read and approved the final manuscript.

Fig. 9 Forest plot of CPC scores for cohort studies

Zhu et al. Critical Care          (2019) 23:100 Page 10 of 11



Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Emergency Department, The Affiliated Hospital of Zunyi Medical University,
Zunyi 563003, China. 2The Affiliated Hospital of Zunyi Medical University,
Zunyi, China. 3General Practice Department, The Affiliated Hospital of Zunyi
Medical University, Zunyi, China.

Received: 13 November 2018 Accepted: 8 March 2019

References
1. Idris AH, Guffey D, Pepe PP, et al. Chest compression rates and survival

following out-of-hospital cardiac arrest. Crit Care Med. 2015;43(4):840–8.
2. Stiell IG, Brown SP, Christenson J, et al. What is the role of chest

compression depth during out-of-hospital cardiac arrest resuscitation? Crit
Care Med. 2012;40:1192–8.5.

3. Kouw Kleinman ME, Brennan EE, Goldberger ZD, et al. Part 5: adult basic life
support and cardiopulmonary resuscitation quality: 2015 American Heart
Association guidelines update for cardiopulmonary resuscitation and
emergency cardiovascular care. Circulation. 2015;132(18 Suppl 2):S414–435.
64–1067.

4. Hightower D, Thomas SH, Stone CK, Dunn K, March JA. Decay in quality of
closed-chest compressions over time. Ann Emerg Med. 1995;26(3):300–3.

5. Lurie K. Mechanical devices for cardiopulmonary resuscitation: an update.
Emerg Med Clin North Am. 2002;20(4):771–84.

6. Ikeno F, Kaneda H, Hongo Y, Sakanoue Y, Nolasco C, Emami S, et al.
Augmentation of tissue perfusion by a novel compression device increases
neurological intact survival in porcine model of prolonged cardiac arrest.
Resuscitation. 2006;68:109–18.

7. Halperin H, Paradis N, Ornato J. Cardiopulmonary resuscitation with a novel
chest compression device in a porcine model of cardiac arrest: improved
hemodynamics and mechanisms. J Am Coll Cardiol. 2004;44:2214–20.

8. Casner M, Andersen D, Isaacs SM. The impact of a new CPR assist device on
rate of return of spontaneous circulation in out-of-hospital cardiac arrest.
Prehosp Emerg Care. 2005;9:61–7.

9. Westfall M, Krantz S, Mullin C, Kaufman C. Mechanical versus manual chest
compressions in out-of-hospital cardiac arrest: a meta-analysis. Crit Care
Med. 2013;41(7):1782–9.

10. Ong ME, Mackey KE, Zhang ZC, Tanaka H, Ma MH, Swor R. Mechanical CPR
devices compared to manual CPR during out-of-hospital cardiac arrest and
ambulance transport: a systematic review. Scand J Trauma Resusc Emerg
Med. 2012;20:39.

11. Brooks SC, Hassan N, Bigham BL, Morrison LJ. Mechanical versus manual
chest compressions for cardiac arrest. Cochrane Database Syst Rev. 2014;2:
CD007260.

12. Li H, Wang D, Yu Y, Zhao X, Jing X. Mechanical versus manual chest
compressions for cardiac arrest: a systematic review and meta-analysis.
Scand J Trauma Resusc Emerg Med. 2016;24:10.

13. Khan SU, Lone AN, Talluri S, Khan MZ, Khan MU, Kaluski E. Efficacy and
safety of mechanical versus manual compression in cardiac arrest - A
Bayesian network meta-analysis. Resuscitation. 2018;130:182–8.

14. Higgins JPT, Altman DG, Sterne JAC (editors). Chapter 8: Assessing risk of
bias in included studies. In: Higgins JPT, Green S (editors). Cochrane
Handbook for Systematic Reviews of Interventions Version 5.1.0 (updated
March 2011). The Cochrane Collaboration; 2011. Available from www.
handbook.cochrane.org.

15. Dickinson ET, Verdile VP, Schneider RM, Salluzzo RF. Effectiveness of
mechanical versus manual chest compressions in out-of-hospital cardiac
arrest resuscitation: a pilot study. Am J Emerg Med. 1998;16(3):289–92.

16. Hallstrom A, Rea TD, Sayre MR, Christenson J, Anton AR, Mosesso VN Jr.
Manual chest compression vs use of an automated chest compression
device during resuscitation following out-of-hospital cardiac arrest: a
randomized trial. J Am Med Assoc. 2006;H295(22):2620–8.

17. Smekal D, Johansson J, Huzevka T, Rubertsson S. A pilot study of
mechanical chest compressions with the LUCASTM device in
cardiopulmonary resuscitation. Resuscitation. 2011;82(6):702–6.

18. Axelsson C, Nestin J, Svensson L, Axelsson AB, Herlitz J. Clinical
consequences of the introduction of mechanical chest compression in the
EMS system for treatment of out-of-hospital cardiac arrest-a pilot study.
Resuscitation. 2006;71(1):47–55.

19. Hock Ong ME, Fook-Chong S, Annathurai A, Ang SH, Tiah L, Yong KL.
Improved neurologically intact survival with the use of an automated, load
distributing band chest compression device for cardiac arrest presenting to
the emergency department. Crit Care. 2012;16:R144.

20. Zeiner S, Sulzgruber P, Datler P, Keferbock M, Poppe M, Lobmeyr E, van Tulder
R, Zajicek A, Buchinger A, Polz K, Schrattenbacher G, Sterz F. Chest
compression does not seem to improve outcome after out-of hospital cardiac
arrest. A single center observational trial. Resuscitation. 2015;96:220–5.

21. Rubertsson S, Lindgren E, Smekal D, Östlund O, Silfverstolpe J, Lichtveld RA,
Boomars R, Ahlstedt B, Skoog G, Kastberg R, Halliwell D, Box M, Herlitz J,
Karlsten R. Mechanical chest compressions and simultaneous defibrillation
vs conventional cardiopulmonary resuscitation in out-of-hospital cardiac
arrest. J Am Med Assoc. 2014;311(1):53–61.

22. Perkins GD, Lall R, Quinn T, Deakin CD, Cooke MW, Horton J, Lamb SE,
Slowther AM, Woollard M, Carson A, Smyth M, Whitfield R, Williams A,
Pocock H, Black JJ, Wright J, Han K, Gates S. Mechanical versus manual
chest compression for out-of-hospital cardiac arrest (PARAMEDIC): a
pragmatic, cluster randomised controlled trial. Lancet. 2015;385:947–55.

23. Gao C, Chen Y, Peng H, Chen Y, Zhuang Y, Zhou S. Clinical evaluation of
the AutoPulse automated chest compression device for out-of-hospital
cardiac arrest in the northern district of Shanghai, China. Arch Med Sci.
2016;12(3):563–70.

24. Wik L, Olsen JA, Persse D, Sterz F, Lozano M, Brouwer MA, Westfall M,
Souders CM, Malzer R, Grunsven PM, Travis DT, Whitehead A, Herken UR,
Lerner EB. Manual vs. integrated automatic load-distributing band CPR with
equal survival after out of hospital cardiac arrest. The randomized CIRC trial.
Resuscitation. 2014;85:741–8.

25. Anantharaman V, Ng BL, Ang SH, Lee CY, Leong SH, Ong ME, Chua SJ,
Rabind AC, Anjali NB, Hao Y. Prompt use of mechanical cardiopulmonary
resuscitation in out-of-hospital cardiac arrest: the MECCA study report.
Singap Med J. 2017;58:424–31.

26. Hardig B, Lindgren E, Östlund O, Herlitz J, Karlsten R, Rubertsson S. Outcome
among VF/VT patients in the LINC (LUCAS IN cardiac arrest) trial-a
randomised, controlled trial. Resuscitation. 2017;115:155–62.

27. Ck L, et al. Effectiveness of mechanical chest compression for out-of-
hospital cardiac arrest patients in an emergency department. Journal of the
Chinese Medical Association. 2015;78(6):360–3.

28. Buckler DG, Burke RV, Naim MY, et al. Association of mechanical
cardiopulmonary resuscitation device use with cardiac arrest outcomes: a
population-based study using the CARES Registry (Cardiac Arrest Registry to
Enhance Survival). Circulation. 2016;134(25):2131–3.

29. Hayashida K, Tagami T, Fukuda T, et al. Mechanical Cardiopulmonary
Resuscitation and Hospital Survival Among Adult Patients With
Nontraumatic Out-of-Hospital Cardiac Arrest Attending the Emergency
Department: A Prospective, Multicenter, Observational Study in Japan (SOS-
KANTO [Survey of Survivors after Out-of-Hospital Cardiac Arrest in Kanto
Area] 2012 Study). J Am Heart Assoc. 2017;31;6(11).

30. Aufderheide TP. Incomplete chest wall decompression: a clinical evaluation
of CPR performance by EMS personnel and assessment of alternative
manual chest compression-decompression techniques. Resuscitation. 2005;
64(3):353–62.

Zhu et al. Critical Care          (2019) 23:100 Page 11 of 11

http://www.handbook.cochrane.org
http://www.handbook.cochrane.org

	Abstract
	Objectives
	Methods
	Results
	Conclusion

	Background
	Methods
	Type of study
	Inclusion and exclusion criteria
	Inclusion criteria
	Exclusion criteria

	Literature search
	Data extraction
	Literature quality evaluation
	Data analysis

	Results
	Literature search
	Document quality assessment and data extraction
	Meta-analysis results
	Return of spontaneous circulation rate
	Survival to hospital admission
	Survival to hospital discharge
	CPC score

	Study publication bias

	Discussion
	Conclusion
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

