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Objective: The objective of this study was to conduct a meta-
analysis of literature examining rates of return of spontaneous 
circulation from load-distributing band and piston-driven chest 
compression devices as compared with manual cardiopulmonary 
resuscitation.
Data Sources: Searches were conducted in MEDLINE, the Clini-
calTrials.gov registry, and bibliographies on manufacturer web-
sites for studies written in English.
Study Selection: Selection criteria for the meta-analysis required 
that studies must be human controlled (randomized, historical, or 
case-control) investigations with confirmed out-of-hospital cases.
Data Extraction: A total of 12 studies (load-distributing band 
cardiopulmonary resuscitation versus manual cardiopulmonary 
resuscitation = 8, piston-driven cardiopulmonary resuscitation 
versus manual cardiopulmonary resuscitation = 4), comprising a 
total of 6,538 subjects with 1,824 return of spontaneous circula-
tion events, met the selection criteria.
Data Synthesis: Random effects models were used to assess 
the relative effect of treatments on return of spontaneous circula-
tion. Compared with manual cardiopulmonary resuscitation, load-
distributing band cardiopulmonary resuscitation had significantly 
greater odds of return of spontaneous circulation (odds ratio, 1.62 
[95% CI, 1.36, 1.92], p < 0.001). The treatment effect for piston-
driven cardiopulmonary resuscitation was similar to manual cardio-
pulmonary resuscitation (odds ratio, 1.25 [95% CI, 0.92, 1.68]; 
p = 0.151). The corresponding difference in percentages of return 
of spontaneous circulation rates from cardiopulmonary resuscita-
tion was 8.3% for load-distributing band cardiopulmonary resusci-
tation and 5.2% for piston-driven cardiopulmonary resuscitation. 

Compared with manual cardiopulmonary resuscitation, combining 
both mechanical cardiopulmonary resuscitation devices produced 
a significant treatment effect in favor of higher odds of return of 
spontaneous circulation with mechanical cardiopulmonary resus-
citation devices (odds ratio, 1.53 [95% CI, 1.32, 1.78], p < 0.001).
Conclusion: The ability to achieve return of spontaneous circula-
tion with mechanical chest compression devices is significantly 
improved when compared with manual chest compressions. In 
the case of load-distributing band cardiopulmonary resuscitation, 
it was superior to manual cardiopulmonary resuscitation as the 
odds of return of spontaneous circulation were over 1.6 times 
greater. The robustness of these findings should be tested in large 
randomized clinical trials. (Crit Care Med 2013; 41:0–0)
Key Words: cardiac arrest; cardiopulmonary resuscitation; 
devices; meta-analysis; return of spontaneous circulation

Despite advances in therapeutic strategies and 
improved guidelines, morbidity and mortality rates 
for out-of-hospital cardiac arrest (OHCA) remain 

high and minimally changed from 30 years prior (1). Rates 
of survival vary considerably based on, but not limited to, 
the following factors: witnessed versus not-witnessed events, 
whether bystander cardiopulmonary resuscitation (CPR) 
was performed, time from event to arrival of emergency 
medical service (EMS) services, initial presenting rhythm, 
time from event to first defibrillation shock, availability 
of advanced life-support procedures, and ability to 
achieve return of spontaneous circulation (ROSC) (1).  
Rates of brain damage in survivors also vary, but it has been 
reported that up to half of cardiac arrest survivors have some 
level of residual neurologic impairment that may or may not 
completely resolve (2). The subsequent and ever-growing 
burden on healthcare costs associated with treating OHCA and 
the unsatisfactory survival rates warrant the investigation of 
alternative and/or additional therapies.

Several mechanical chest compression devices have been 
developed to supplement manual CPR (M-CPR) and aid res-
cuers at the OHCA scene. The primary concept behind the 
development of these devices is that a mechanical device may 
provide more effective and consistent CPR as compared with 
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M-CPR as the device would not fatigue and may provide more 
consistent compression recoil (upstroke phase of chest com-
pression cycle). Furthermore, defibrillation can be performed 
during ongoing mechanical chest compressions, thereby reduc-
ing the perishock time which is known to be an independent 
predictor of survival from shockable OHCA (3). At present, 
there are two devices that are commercially available and have 
extensive published clinical data: a load-distributing band CPR 
(LDB-CPR) device (AutoPulse, ZOLL Medical Corporation, 
Chelmsford, MA) that provides circumferential thoracic com-
pressions and a piston-driven CPR (PD-CPR) device (LUCAS, 
Physio-Control Inc., Redmond, WA) that provides sternal 
compressions. In preclinical investigations, the LDB-CPR 
device improved coronary perfusion pressure and myocardial 
blood flow (4) and resulted in superior survival and cerebral 
performance as compared with M-CPR (5). Similarly, preclini-
cal porcine investigations with PD-CPR have shown improved 
coronary perfusion pressure, cardiac output, and ROSC rates 
with PD-CPR versus M-CPR (6).

Logistical and ethical challenges involved with conducting 
OHCA research have limited the number of studies that can be 
undertaken. These challenges might also contribute to why no 
singular clinical investigation has been able to clearly show the 
efficacy of mechanical chest compression devices in OHCA. A 
common method to assess the potential value of an interven-
tion in such difficult research scenarios is the meta-analysis. 
This method requires a systematic review of all available data 
and the utilization of all study-level statistics to quantify the 
overall magnitude of the effect of the therapy across studies. 
The particular advantage of meta-analyses is that smaller clini-
cal trials of varying sample sizes and designs, including obser-
vational studies, can be combined to broaden the base of data 
used to estimate treatment effects (7).

To date, there are limited survival data allowing the com-
parison of mechanical chest compression devices with M-CPR. 
Despite insufficient data, a large body of evidence exists on 
the effects of these devices on ROSC rates. The rate of ROSC 
may be viewed as an indicator of prehospital chest compres-
sion quality. Given that longer term (> 4 hr) survival data can 
be influenced by variances in treatment for OHCA patients 
once admitted to the hospital (i.e., utilization of hypothermia 
within emergency department [ED], pharmacologic and/or 
other interventions such as catheterization, treatment of pul-
monary embolism), the difference in rates of ROSC between 
manual and mechanical chest compressions in the prehospital 
setting is less likely to be influenced by confounding factors as 
compared with the hospital setting. The purpose of this sys-
tematic review of literature was to examine the rates of ROSC 
from LDB-CPR and PD-CPR and compare with M-CPR.

MATERIALS AND METHODS
A meta-analysis was performed to compare LDB-CPR and 
PD-CPR with M-CPR with the primary endpoint of being the 
ability to achieve ROSC. ROSC was defined as any palpable 
pulse with measurable blood pressures for at least 1 minute. 
Selection criteria for the meta-analysis required that studies 
must be human controlled (randomized, phased, historical, or 
case-control) investigations with confirmed OHCA cases. Thus, 
studies including cardiac arrests due to trauma and preclinical 
animal studies were excluded. Searches were conducted in 
MEDLINE, the ClinicalTrials.gov registry, and bibliographies 
on manufacturer websites for studies written in English. The 
comprehensive search identified a total of 443 possible citations 
(MEDLINE = 376, manufacturer websites = 67) in which 63 of the 
citations from the manufacturer websites were duplicates from 
the MEDLINE search. The manufacturer websites provided an 

additional six studies (abstracts) 
with data meeting the inclusion 
criteria. The primary reason 
for exclusion was irrelevance 
(i.e., studies not related to 
mechanical chest compression 
use in OHCA) or preclinical/
manikin studies (see Fig. 1 for 
additional information). After 
exclusion, a total of 12 studies 
were found to meet inclusion 
criteria (Table 1).

Statistical Analysis
Random effects models were 
used to assess the relative effect 
of treatments on ROSC. An 
important metric of quality 
for any meta-analysis model 
requires a test for heterogeneity 
or the amount of variation in 
outcome between studies. Vari-
ation in outcome by study was Figure 1. Flow diagram of search criteria and reason for exclusion. OHCA = out-of-hospital cardiac arrest.
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assessed with Cochran’s Q statistic. Forest plots, with 95% CIs, 
were used to assess the overall meta-analytic and study-specific 
treatment effects. Another metric of quality for meta-analyses is 
the asymmetry of the effect sizes for each respective study. This 
metric can be used to help determine if a single study is an out-
lier and if there should be concern regarding reporting bias (i.e., 
only studies that found significant differences were published). 
Funnel plots and Egger’s regression test were used to assess the 
potential for reporting bias.

For studies where unmatched and matched cohorts were 
analyzed (19, 8), only the matched results were used. For the 
study by Hallstrom et al (10), the results of the primary end-
point (survival > 4 hr with ROSC) were used for analysis in 
place of “any ROSC.” Analyses were performed with the metafor 
package for R, version 2.9.2 (R Development Core Team, 2009).

Because there were several potential study-specific char-
acteristics that could have had a significant influence on the 
outcome variable and introduce the risk of bias, a series of 
meta-regression models were fit with each covariate included as 
a sole covariate due to the limited number of studies. Covariates 
examined included the year of publication, publication type 
(manuscript vs abstract), device type, percentage of female 
subjects, average age of participant, percentage of patients with 
witnessed OHCA, percentage of patients with bystander CPR, 
the percentage of patients with presenting rhythm of pulseless 
electrical activity, the percentage of patients with presenting 
rhythm of asystole, and the percentage of patients with pre-
senting rhythm of ventricular fibrillation/tachycardia. Variables 
were mean centered for interpretability as appropriate.

RESULTS
A total of 12 studies (LDB-CPR vs M-CPR = 8, PD-CPR vs 
M-CPR = 4), comprising a total of 6,538 subjects with 1,824 
ROSC events, met the selection criteria. Although an analysis 
combining both mechanical CPR devices produced a significant 

treatment effect in favor of higher odds of ROSC with mechani-
cal CPR devices (odds ratio [OR], 1.53 [95% CI, 1.32, 1.78];  
p < 0.001), a meta-regression examining device type (LDB-CPR 
and PD-CPR) yielded a p value that approached significance 
(p = 0.0521), which indicated that the magnitude of the treat-
ment effects may not be the same for each device when being 
compared with M-CPR. Furthermore, when device type was 
analyzed separately, the treatment effect for PD-CPR was not 
significant (OR, 1.25 [95% CI, 0.92, 1.68]; p = 0.151) (Fig. 2). 
There was no evidence of heterogeneity (Q = 1.326; p = 0.723), 
and the estimate of total heterogeneity (τ2) was 0.00 with none 
of the studies on their own achieving statistical significance for 
the OR. There was no evidence of asymmetry in the funnel plot, 
and the p value from Egger’s regression test was 0.269.

The pooled meta-analytic results for LDB-CPR studies were 
statistically significant (with an OR 1.62 [95% CI, 1.36, 1.92], 
p < 0.001) indicating an increased odds of ROSC for LDB-
CPR compared with M-CPR (Fig. 3). Although there was no 
significant evidence of heterogeneity (Q = 10.805, p = 0.147), 
the estimated total amount of heterogeneity (τ2) was 0.0233 
and percent of total variability due to heterogeneity (I2) was 
38.45%. All studies showed an effect in a favorable direction 
for LDB-CPR, and five of eight studies achieved statistical 
significance for the OR on their own. Although the number of 
studies was small, a funnel plot showed reasonable distribution 
with a nonsignificant test for asymmetry (z = 0.714; p = 0.475), 
indicating no significant statistical evidence of publication bias.

Table 1 provides additional data regarding the study quality 
and bias of studies included in the meta-analysis. Several 
studies, regardless of mechanical chest compression device 
type, had poor reporting of patient demographic and adverse 
event data indicating the need for additional better reported 
clinical trials. Table 2 shows the results of the meta-regressions 
for the M-CPR versus mechanical CPR comparisons. Results 
reported include the overall adjusted meta-analytic effects 
and the corresponding 95% CI and p value, as well as the p 

value for the test of covariates 
(i.e., whether the covariate 
was significantly related to 
the treatment effect). For 
each model, the number of 
studies included varied as not 
all covariates were available 
for all studies. The results of 
the meta-regressions of the 
combined device types (LDB 
or PD) were consistent with the 
unadjusted results; there was a 
significant improved odds as 
compared with M-CPR (ORs 
ranging from 1.34 to 1.65, 
all p < 0.05). The percentage 
of initial rhythms presenting 
as ventricular fibrillation/
ventricular tachycardia were 
the significant modifiers in 

Figure 2. Results of meta-analyses comparing piston-driven cardiopulmonary resuscitation (PD-CPR) with 
manual cardiopulmonary resuscitation (M-CPR). A nonsignificant trend was observed for increased odds of 
return of spontaneous circulation with PD-CPR as compared with M-CPR.
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this analysis (p < 0.05), and the percentage of male patients 
approached statistical significance (p = 0.062).

DISCUSSION
The continued poor outcomes associated with OHCA require 
innovative approaches toward treating patients. Previous efforts 
have included advancements in pharmacologic treatment dur-
ing arrest, altered recommendations for depth and rate of com-
pressions as well as sequence of compressions to ventilations, 

the utilization of hypothermia 
postarrest, and the establish-
ment of national, regional, 
and local registry databases 
so that these advanced meth-
ods can be tracked for efficacy. 
Although the application of a 
mechanical device for chest 
compressions has been avail-
able for nearly 40 years (20), it 
has failed to gain widespread 
acceptance both within the 
hospital and with EMS units 
probably because of portabil-
ity and concern of the time 
needed to apply the device. 
Recent technological advances 
have made these devices more 
portable, lightweight, and 
quicker to implement. Defini-
tive answers on the efficacy of 
these devices from the recently 

completed and ongoing large multicenter randomized clinical 
trials of each respective device are eagerly awaited. The results of 
this study indicate a significantly greater likelihood (e.g., approx-
imately 60% higher odds) of achieving ROSC when using the 
LDB-CPR device as compared with M-CPR. A prospective ran-
domized clinical trial is needed to determine whether improve-
ments in ROSC with use of LDB-CPR translate to improvements 
in short- and long-term survival as well as neurologic outcome. 
The rates of ROSC reported in the studies of the PD-CPR device 
were similar to M-CPR. When the studies from the mechanical 

Figure 3. Results of meta-analyses comparing load-distributing band cardiopulmonary resuscitation (LDB-
CPR) with manual cardiopulmonary resuscitation (M-CPR). The use of the LDB-CPR device had a significantly 
greater likelihood of a patient achieving return of spontaneous circulation as compared with M-CPR.

Table 2.  Manual Cardiopulmonary Resuscitation Versus Mechanical Cardiopulmonary 
Resuscitation Meta-Regression

Covariate
Overall  

Adjusted OR
Overall  
95% CI

Overall  
Adjusted p

Covariate  
OR

Covariate  
95% CI

Covariate  
p

Publication year 1.61 1.33, 1.94 < 0.001 0.972 0.86, 1.10 0.647

Publication type (journal  
published vs not)

1.65 1.28, 2.12 < 0.001 0.964 0.66, 1.40 0.850

% Male 1.52 1.30, 1.77 < 0.001 0.962 0.92, 1.00 0.062

Age 1.58 1.30, 1.92 < 0.001 1.063 0.95, 1.19 0.280

% Witnessed 1.51 1.12, 2.03 < 0.001 0.997 0.95, 1.04 0.897

% Cardiopulmonary  
resuscitation performed  
by bystander

1.50 1.09, 2.08 0.0142 1.005 0.96, 1.05 0.831

% Initial rhythm pulseless  
electrical activity

1.61 1.31, 1.99 < 0.001 1.189 0.94, 1.50 0.142

% Initial rhythm asystole 1.60 1.32, 1.94 < 0.001 1.007 0.99, 1.02 0.419

% Initial rhythm ventricular 
fibrillation/ventricular 
tachycardia

1.34 1.10, 1.62 0.003 0.958 0.92, 0.99 0.015

OR = odds ratio.
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CPR devices were combined, the odds of achieving ROSC were 
significantly greater when using mechanical CPR as opposed to 
M-CPR although device type was trending toward being a sig-
nificant modifier in the meta-regression analyses.

The limited amount and varied definitions of survival data 
for each respective device prohibited the use of that data as 
the outcome variable in this meta-analysis. A different meta-
analytic approach was recently published on the efficacy of 
mechanical chest compression devices as compared with 
M-CPR; it included only four randomized clinical trials that 
were conducted across a long timeframe (1978–2006) and 
involved treatment of both in-hospital and out-of-hospital car-
diac arrest with varying mechanical chest compression devices 
(21). This inhomogeneity combined with a small sample size 
(868 patients of which 767 came from one study) (10) reduced 
the statistical power of the approach and ultimately lead the 
authors to a conclusion that there was insufficient evidence to 
suggest benefit or harm of the devices based on the limited sur-
vival data (21). Although survival data are argued to be one of 
the highest quality and/or most clinically relevant endpoints 
for a given trial, the use of ROSC as the primary endpoint in 
this analysis may still provide a valuable assessment of efficacy 
of the devices. Survival, whether it is defined as survival to 
hospital discharge or 1-week postdischarge, is a variable that 
is influenced by a variety of factors that are not necessarily 
related to the quality of CPR performed in the field and dur-
ing transport to the ED. Most of these factors are related to 
the quality of care in the ED (i.e., pharmacologic regimen used 
and hypothermia induction). The ability to achieve ROSC, 
however, is closely linked to adequate coronary perfusion pres-
sure via high-quality CPR (22), and thus, the quality of CPR 
serves as an important variable for determining the value of 
the devices as compared with M-CPR.

Taken together, the results of this study highlight the poten-
tial benefit of using mechanical chest compression devices in 
OHCA cases. It has been reported that key components to the 
successful use of these devices are proper training and ade-
quate time for deployment of the device for the given EMS 
crew (10, 16). Presuming that rescuers are properly trained 
in rapid deployment of the mechanical chest compression 
device, overall interruptions in chest compressions can be 
limited with use of it thereby allowing the rescuer to focus 
on other aspects of patient care. Another potential impor-
tant benefit of mechanical chest compression devices is the 
delivery of consistent high-quality chest compressions during 
transport to the ED while rescuers are seated and restrained. 
Performance of M-CPR during transport is both ineffective 
and unsafe (23).

Limitations
The quality of M-CPR might have varied between studies and 
therefore might have affected the treatment effect estimates. It is 
well established that inadequate chest compression depth, rate, 
and release will reduce the likelihood of obtaining ROSC for a 
given patient. Although CPR quality data were not available for 
any of the studies included in the present meta-analysis, future 

studies comparing mechanical with M-CPR should include 
CPR quality data because CPR sensing and recording devices 
are now widely available and recommended for use. One 
potential barrier to the use of mechanical chest compression 
devices is cost. Unfortunately, data regarding the cost of lives 
saved or other cost-benefit financial analyses were not reported 
in the studies reviewed, but it is important to note that there 
is also a cost associated with providing the training necessary 
to ensure the delivery of consistent high-quality M-CPR. The 
studies used in the meta-analysis included four randomized 
trials and eight trials using primarily phased, observational 
cohorts, which could result in a risk of bias which we have 
assessed as shown in Table 1. When publication type (journal 
vs abstract) was included as a covariate in our meta-regression 
model, it was not statistically significant but that does not 
eliminate the chance of bias influencing our results. Other 
potential limitations include differences in the personnel of 
the first responder crews (i.e., local police/firemen, emergency 
medical technician, advanced life-support-trained paramedics, 
or physician) between studies, differences in regional policies 
for first responder crews and methods of M-CPR (as some of 
the PD-CPR studies were done in Europe and many of the LDB-
CPR studies were done in the United States), and changes in 
standard clinical procedures for OHCA over time (for studies 
in which historical controls were used). Finally, the tests of 
moderator effects on outcomes had low statistical power given 
the few number of studies, and therefore, the results should be 
interpreted knowing this limitation.

CONCLUSIONS
In this systematic review, the combined meta-analysis of two 
mechanical chest compression devices compared with man-
ual chest compressions showed a significant improvement 
in ROSC rates with mechanical devices, but when analyzed 
separately, only the LDB-CPR device was found to be superior 
to manual chest compressions with odds of ROSC being 1.6 
times greater when using LDB-CPR. The robustness of these 
findings and the long-term outcome using these devices in 
OHCA should be tested in large randomized controlled clini-
cal trials.
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