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ABSTRACT

Introduction Cardiac arrest is a leading cause of death

in industrialised countries. Cardiopulmonary resuscitation
(CPR) guidelines follow the principles of closed chest
compression as described for the first time in 1960.
Mechanical CPR devices are designed to improve chest
compression quality, thus considering the improvement

of resuscitation outcomes. This protocol outlines a
systematic review and meta-analysis methodology

to assess trials investigating the therapeutic effect of
automated mechanical CPR devices at the rate of return of
spontaneous circulation, neurological state and secondary
endpoints (including short-term and long-term survival,
injuries and surrogate parameters for CPR quality) in
comparison with manual chest compressions in adults
with cardiac arrest.

Methods and analysis A sensitive search strategy will
be employed in established bibliographic databases from
inception until the date of search, followed by forward and
backward reference searching. We will include randomised
and quasi-randomised trials in qualitative analysis thus
comparing mechanical to manual CPR. Studies reporting
survival outcomes will be included in quantitative analysis.
Two reviewers will assess independently publications
using a predefined data collection form. Standardised tools
will be used for data extraction, risks of bias and quality
of evidence. If enough studies are identified for meta-
analysis, the measures of association will be calculated
by dint of bivariate random-effects models. Statistical
heterogeneity will be evaluated by I-statistics and
explored through sensitivity analysis. By comprehensive
subgroup analysis we intend to identify subpopulations
who may benefit from mechanical or manual CPR
techniques. The reporting follows the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
statement.

Ethics and dissemination No ethical approval will

be needed because data from previous studies will be
retrieved and analysed. Most resuscitation studies are

Strengths and limitations of this study

» This systematic review and meta-analysis address-
es gaps in the current evidence-base on chest
compression techniques as part of cardiopulmonary
resuscitation by providing a comprehensive assess-
ment of randomised and quasi-randomised clinical
trials, and comprehensive subgroup analysis.

» Extensive and differentiated multi-step search
strategy including 12 databases without language
restrictions.

» Methods follow the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses protocols
guidelines, Meta-Analysis Of Observational Studies
in Epidemiology statement and Cochrane Handbook.

» This review is limited to randomised and quasi-
randomised clinical trials of heterogeneous design
and quality.

» Potential clarification which subpopulations, in
which situations, under which circumstances, and at
which time may benefit from which chest compres-
sion technique, may improve treatment decisions.

conducted under an emergency exception for informed
consent. This publication contains data deriving from

a dissertation project. We will disseminate the results
through publication in a peer-reviewed journal and at
scientific conferences.

PROSPERO registration number CRD42017051633.

INTRODUCTION

For thousands of years, mankind has strug-
gled to ‘re-animate’ people showing no signs
of life. A milestone of cardiopulmonary resus-
citation (CPR), manual closed-chest cardiac
massage, was introduced in 1960." More
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recent developments are machines that perform chest
compressions mechanically and automatically through
inflatable vests, pistons or load distributing bands. But can
automated mechanical chest compression devices surpass
human performance, and again revolutionise CPR?

Rationale

Mechanical CPR may represent a method of improving
compression quality in certain clinical scenarios and for
chosen subpopulations. Many patients who suffer sudden
cardiac arrest have the potential for recovery with good
quality of life, but this recovery hinges on high quality
CPR at the time of the event.*™

Burden of disease
Sudden cardiac arrest following coronary heart disease
is a major cause of death in industrialised nations with
an age-related prevalence of 80-150 per 100000 person
years and mortality rates as high as 80%-90%. In about
10% of patients, sudden cardiac arrest following an
acute myocardial infarction is the first manifestation of a
(previously unknown) coronary heart disease. In younger
patients, ion channel disease, hereditary cardiomyop-
athies and myocarditis are frequent causes of sudden
cardiac arrest.”™

Reflecting this special group, sudden cardiac arrest
is a vast socioeconomic burden, as these patients are at
the height of their careers. With the progress of modern
medicine, even elderly or handicapped people have the
potential to recover from an incident with a good quality
of life. Beyond the vast social burden of losing lives, to
the pure healthcare-related costs which are estimated
US$33billion per year in the USA," losses of earnings
and productivity have to be added in order to realise the
costs across the entire society. Though, the burden of
premature death in years of potential life lost is greater
for sudden cardiac arrest than for all individual cancers
and most other leading causes of death."'

What is known?

Medical problem

CPR quality is important for resuscitation success. With
manual CPR, increasing fatigue of the rescuers and
frequent interruptions of compressions have been
reported. Both fatigue and interruptions decrease blood
flow required for adequate myocardial and brain perfu-
sion which is crucial for return of spontaneous circula-
tion (ROSC) and good neurological outcome. Compared
with insufficiently performed chest compressions, chest
compressions of good quality and with little interruptions
have been shown to improve survival rates.'**

The issues encountered by manual CPR led to the devel-
opment of mechanical CPR systems which are supposed
to improve CPR quality, an essential determinant of
survival.'* "> Application studies have shown that by using
mechanical CPR devices higher arterial carbon dioxide
levels, which are an indicative of better tissue perfusion,
can be achieved'™® as well as better haemodynamic

conditions, thereby leading to improved coronary and
cerebral blood flow.'® 2! Furthermore, it has been
stated that coronary and brain perfusion are the leading
determinants of survival following resuscitation. Based on
the premise that automated mechanical CPR provides a
sustained quality of chest compressions, better outcomes
might be expected from these devices.”

A search in literature, carried out in a primary evalu-
ation as a supplemental appraisal of a medical thesis,
showed numerous studies of heterogeneous design, many
of poor quality.** * Three high-quality, prospective, large,
multicentre randomised controlled trials (RCTs) on
mechanical CPR (Circulation Improving Resuscitation
Care (CIRC),* LUCAS in Cardiac Arrest (LINC)* and
Pre-Hospital Randomised Assessment of a Mechanical
Compression Device in Cardiac Arrest (PARAMEDIC)?%)
have been published, as well as several publications from
retrospective registry analyses.”? 2 They find incon-
sistent and contradictory results, leaving it unclear if
manual or mechanical chest compressions during CPR
may improve the outcome of patients suffering from
cardiac arrest. Considered more in detail, we neither
have evidence if there is a special point of time to instal a
mechanical CPR device, nor if there are special situations
or subgroups of patients who will particularly benefit
from mechanical chest compressions. In particular, we do
not know if one compression technique (vertical piston
vs semi-circumferential load-distributing band) is supe-
rior.**?!

Need for the systematic review
A recently published Cochrane Review shows several
weaknesses’': most important, the intended subgroup
analysis to distinguish vertical chest compressions by a
piston from semi-circumferentially constricting compres-
sions by a load-distributing band, and in-hospital from
out-of-hospital cardiac arrest, was abandoned due to the
variability of included trials. Therefore, this meta-analysis
does not consider different treatments, which may have
different or even contrary effects on the outcomes, which
might increase between-trial heterogeneity unnecessarily.
Beyond the Cochrane review, several other meta-
analyses of poor quality have been published. One review
was sponsored by the manufacturer of a mechanical CPR
device.” As this study shows a superiority of the device
produced by the sponsor of the review to the competitors’
device, and to manual CPR, the reader should be aware
of conflicts of interest by the authors affiliated with this
company. This has been criticised, as ‘industry sponsored
meta-analyses are more likely to recommend an interven-
tion”.”> Moreover, this particular study examined ROSC
only, but no long-term outcomes, and included both
clinical and animal models. Possible conflicts of interest
may also be considered if authors conducting the system-
atic review coauthored a trial which is included in the

review, as they have to assess critically their own publica-
tions, 2426 3435
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Another review provides an overview of existing
systematic reviews and studies and comes to the conclu-
sion that there are more studies needed for a definitive
judgement.”® Systematic reviews are at increased risk
of selection and attrition bias and confounding when
observational studies are included,” which applies to
some reviews.” ** % % Further reviews do not distinguish
between different chest compression techniques in their
meta-analysis, as described earlier,” *°*** or only include
one particular device."** Respectively, others focus only
on in-hospital”® or out-of-hospital®® ** ¥ 1 #* cardiac
arrest.

Some reviewers only search Medline, the most
important database, though under-representing publica-
tions indexed to other databases. As numerous European
journals are indexed to EMBASE, this may have led to
selection bias and an overrepresentation of American
trials (or trials published in American journals). As two
of the main competitors have been developed in the USA
and in Europe, this search strategy may not be repre-
sentative. Furthermore, we have to consider that there
are fundamental differences between the American
paramedic-based emergency medical service system and
the physician-staffed systems as largely provided in Euro-
pean countries.” % **

Adverse effects

Important adverse effects of mechanical CPR systems
are injuries caused by chest compression. They comprise
bone fractures (eg, ribs, sternum, vertebrae) and organ
lacerations (eg, liver, spleen).” Injuries do not seem to
be more frequent than those caused by manual chest
compressions, but the pattern may differ.”****” The instal-
lation of the device may delay the further CPR process
and therefore delay life-saving measures like defibrilla-
tion and supporting measures like airway management or
intravenous access.”’ **°! And last but not least, as it goes
for any technical device, failures may occur.

Objectives

Patients

The objective of this systematic review and meta-analysis
is to detect whether adults suffering from cardiac arrest,
or specific subpopulations (setting urban vs rural, region,
in-hospital vs out-of-hospital, and if applicable initially
presented rhythm, aetiology and concomitant treatment)
may benefit from the application of automated mechan-
ical CPR devices.

Experimental intervention

Automated mechanical CPR devices deliver chestcompres-
sions independently of the user, either through vertical
force by a piston, or through semi-circumferentially
constricting force by a load-distributing band. So far, it is
unknown if one compression technique might be supe-
rior. Mechanical CPR devices are also referred to as ‘auto-
mated CPR systems’ or ‘external cardiac compressors’.

Until the application of the mechanical CPR device, the
patients may have received manual chest compressions as
described later. To date, we still do not know if the timing
of the application of the devices is of importance.

Control intervention

Conventional manual chest compressions follow valid
recommendations. These guidelines are mandatory
worldwide and they summarise all the evidence for treat-
ment recommendations and describe the best clinical
practice. Furthermore, manual chest compressions are
generally available. Hence, manual CPR only is consid-
ered as the comparator.

Minimum requirements for conventional manual chest
compressions include 100-120 vertical compressions
per minute of approximately one-third of the sternum
height, performed at the middle of chest (caudal third of
sternum, intermammary line) in supine position.”

Outcomes and prioritisation

ROSC is one of our primary outcomes. This common
endpoint in resuscitation studies can be easily obtained
and does not depend on a clinical follow-up. ROSC, which
is measured as binary variable, is defined as any sponta-
neous pulse ‘detectable by manual palpation of a major
artery’ at any time following resuscitation attempts.”

The other primary outcome is the neurological state
according to the Glasgow-Pittsburgh cerebral perfor-
mance category (CPC),”* or modified Rankin score
(mRS)%; the association between CPC and mRS is
described elsewhere.”® The neurological outcome is eval-
uated after 30 days, or at hospital discharge. If the CPC
scores of 1 and 2 are only reported in a summarised form
as an ‘intact’ or ‘good’ neurological outcome, they are
treated as a binary event (‘good’ vs ‘poor’).”* By way of
derogation from our initial study registration, we consider
neurologically intact survival as a primary outcome
because of the essential importance of this outcome for
the individual patients’ further lives.

Secondary outcomes include short-term and long-term
survival, resuscitation trauma and CPR quality surrogates
(table 1).

CPR quality surrogates may have an impact on patient
survival, as fatigue and interruptions decrease the blood
flow required for adequate myocardial and brain perfu-
sion, which is crucial for a favourable neurological
outcome.” Compared with insufficiently performed
chest compressions, high fractions of chest compressions
have been shown to be associated with improved survival
rates.'* ®%! Arterial blood pressure is used to describe
haemodynamics, as it determines cerebral and coronary
perfusion. End-tidal carbon dioxide (etCO,) is consid-
ered a surrogate marker for induced cardiac output.

Primary and secondary outcomes are reported
according to the ‘Utstein Style’, a protocol for uniform
reporting of resuscitation outcomes,” and the ‘Core
Outcome Set for Cardiac Arrest’,”” based in parts of
previous reviews.
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Table 1 Secondary outcomes

Frequency of injuries and trauma caused by chest compressions (including skin lesions,

skeletal fractures, pulmonary lesions, pneumothorax, haemothorax, haemoperitoneum, organ

Guideline compliance (including chest compression depth, frequency, rate, ratio).

Domain Secondary outcome
Short-term survival » Alive at hospital admission.
» Alive <30 days after incident.
» Alive at hospital discharge.
Long-term survival » Alive 3, 6 and 12 months after incident.
»  Health-related quality of life®? at each time point.
» Neurological state®>® at each time point.
Resuscitation trauma >
lacerations).
CPR quality surrogates >
» No-flow (hands-off) time and ratio.
»  Arterial blood pressure during chest compressions.
>

End-tidal carbon dioxide partial pressure with ongoing CPR.

CPR, cardiopulmonary resuscitation.

Review questions

The review of studies is designed to address the following

questions:

» Is a specific CPR technique, manual or mechanical
(by band or piston as subgroups) associated with an
improved primary or secondary outcome, as stated
earlier?

» May automated mechanical CPR devices improve the
process, quality and safety of CPR?

» Whatare possible scopes of application for automated
mechanical CPR devices? This question seeks to ascer-
tain which patient subgroups in which situations,
under which circumstances, and at which time may
benefit from automated mechanical CPR.

METHODS AND ANALYSIS

We registered this study at the International Prospective
Register of Systematic Reviews. The reporting of this
protocol accords to the Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocols (PRIS-
MA-P) statement.”” The PRISMA-P checklist is provided
as an online supplemental file 1. We will follow both
Cochrane Handbook® and Meta-Analysis Of Observa-
tional Studies in Epidemiology statement.”

Eligibility criteria

Study characteristics

Eligible for inclusion will be RCTs and quasi-RCTs
comparing mechanical to manual chest compressions
in cardiac arrest if at least one primary endpoint or
other survival outcome is available. In this context, state
(published, accepted for publication or preprint) and
mode of publication (full article or conference abstract)
will be irrelevant. Studies will only be eligible for inclu-
sion if the data for the control group is published.

Population characteristics and setting

We will only include studies in adult patients (=18 years of
age), as most mechanical CPR devices are not approved
for children. We will consider events as ‘in-hospital’ if the

cardiac arrest occurs to a hospitalised patient and if the
Medical Emergency Team of the institution is activated.
Events treated by official Emergency Medical Services
outside hospital buildings will be considered as ‘out-of-
hospital’. Both settings, in-hospital and out-of-hospital
cardiac arrest, will be eligible for inclusion.

Device characteristics
All mechanical CPR devices that deliver automated chest
compressions will be included in the systematic review to
gain comprehensive insight into the topic and to avoid
selection bias. We identified available devices by a prelim-
inary study”® * and subsequent search via the internet.
The devices may compress the chest independently of the
user, either through vertical force (applied by a piston)
or semi-circumferentially constricting force (applied
by a load-distributing band). However, we will conduct
subgroup analysis for each compression technique. Tech-
nical characteristics differ for each device (table 2).%
Before the first application of the automated CPR
device, patients may receive manual chest compressions
as described earlier.

Exclusion criteria
Case series, case—control studies or historically controlled
studies will be excluded, as well as studies involving trau-
matic cardiac arrest, as treatment priorities fundamentally
differ from non-traumatic entities. We expect this study
population to represent patients suffering from sudden
cardiac arrest, which is predominantly a cardiac aetiology.
We will not apply any restrictions on manufacturer,
model, technique or publication language.

Information sources

We will consider relevant bibliographic databases, as
listed in box 1, from inception until the date of search
and document the date of our last access on the search
engine.
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Box1 Searched databases

Journals@0vid Full Text
Your Journals@Ovid

EBM reviews

» Cochrane Database of Systematic Reviews.
» ACP Journal Club.

» Database of Abstracts of Reviews of Effects.
» Cochrane Central Register of Controlled Trials.
» Cochrane Methodology Register.

» Health Technology Assessment.

» NHS Economic Evaluation Database.

BIOSIS Previews
Embase

Ovid MEDLINE
» In-process and other non-indexed citations.
» Daily update.

ACP, American College of Physicians; EBM, evidence-based medicine; NHS,
National Health Service.

Search strategy and study selection
Search strategy
Our search strategy will comprise several steps: we will
start with a combined, structured and keyword-based
search containing search terms in the field of CPR,
and the names of devices and techniques, as presented
in table 3. Backward reference searching may identify
further literature eligible for inclusion by analysing the
reference sections of the articles found by our search
strategy. Forward reference searching will be executed
to identify additional relevant studies that cite a study
included. Pertinent study registries will be searched via
the WHO International Clinical Trials Registry Platform
(http://apps.who.int/trialsearch) for trials, which have
been registered, but not published. Finally, we will ask
manufacturers of mechanical CPR devices for unpub-
lished data, and we will assess preprint servers and data
repositories.

For literature search, we will use the proprietary search
engine Ovid, Ovid Technologies, Wolters Kluwer Health,
New York/USA.

Study selection
We will start by screening both the title and the abstract of
the publications identified through our search for eligi-
bility. If the study meets any inclusion but no exclusion
criteria, we will assess the full textin order to extract study
characteristics, results and risks of bias, as stated later.
Through our search strategy (table 3), duplicates will
automatically be removed. Nevertheless, additional dupli-
cates may occur if results of one study are published in
several manuscripts with different titles, in different
languages, or different modes of publication. We will
regard publications as duplicates if the same authors, or

Table 3 Keyword-based search

# Search item

1 mechanical chest compressors

2 mechanical CPR device

3 chest compression device

4 mechanical cardiopulmonary resuscitation

5] vest CPR

6 Thumper

7 AutoPulse

8 Lund University Cardiac Assist System

9 LUCAS-2 or LUCAS2 or LUCAS-3 or LUCASS3
10 LifeStat or Life-Stat

11 Miniaturized Chest Compressor

12 Animax

13 Corpuls CPR

14 LifeLinie ARM

15 EasyPulse

16 X-CPR

17 load distributing band

18 mechanical piston

19 resuscitation/ or resuscitator/ or advanced life

support

20 1or2or3ord4or5or6or7or8or9ori0ori1or
12 or13or14or150r16or17 or 18

21 19 and 20
22 remove duplicates from 21

Multiple entries are feasible. A slash indicates Medical Subject
Headings terms.
CPR, cardiopulmonary resuscitation.

authors from the same centres, publish studies covering
the same observation period, with comparable case
numbers, similar design and related study objectives. In
case of redundant publication, we will prefer full texts to
abstracts, and we will merge the published data.

Study records

Data management

The characteristics and results of the studies included
will be extracted and summarised in a table (Numbers
V.10.3.9, Apple, Cupertino/USA). If eligible, frequencies
of primary and secondary outcomes will be charted in
forest plots (Review Manager V.5.3, The Nordic Cochrane
Centre, Copenhagen/Denmark).

Selection process and collection of data

Study selection, quality assessment and data extraction
will be performed independently by two reviewers, one of
whom with clinical experience in resuscitation and one
with methodological experience. Possible disagreements
and discrepancies will be resolved by consensus or by
consulting a third reviewer.
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Table 4 Data extraction

Domain Data items

Unambiguous study
identification

Study design Study type.

Type of intervention(s).

VYVVVYVYVYY

applicable.

Results Qualitative summary.

Quantitative summary.
Risks of bias
Funding sources.

Conflicts of interest.

VYVVY VY

Authors (up to three), year, title, journal or other source, volume, page(s).
Identification as conference abstract, or research letter, if applicable.
Identification number within a study registry, if applicable.

Chronological dimension (prospective, retrospective).

Number of study centres (single-centre for 1; multi-centre for >5 centres).

Characteristics of patients included.

Case number in total, distributed among intervention and control groups, and subgroups if

Mechanical CPR system(s) examined.
Guidelines version the study is based on.

Risks of bias according to the Cochrane tool.

Data collected from included studies.
CPR, cardiopulmonary resuscitation.

We will contact the corresponding authors of included
studies to obtain key missing data as needed, or to clarify
any issues and questions on a particular trial. If authors
do not respond within 2weeks, we will contact the corre-
sponding author again, as well as first and senior authors.
If this does not lead to an elaboration of the issue, we will
exclude any outcomes whose context cannot be clarified
from further analysis. We will only include results in our
meta-analysis if their origin is transparent and accurate.

Data items

Data will be extracted by using a predefined data collec-
tion form according to the Cochrane Collaboration
recommendations (table 4).%

Assumptions and simplifications

Cardiac arrest is defined as the absence of cardiovascular
circulation. This condition may be validated by evaluating
signs of life, palpation of pulse of a major artery or inva-
sive blood pressure measurement.

Some authors indicate piston-driven mechanical
chest compressions as ‘manual CPR’, particularly when
comparing them to compressions by a load-distributing
band. Regardless of the denomination chosen by the
authors, we will only consider chest compressions deliv-
ered by hand as ‘manual CPR’.

ROSC may be defined differently in studies with regard
to the time of its evaluation (at any time, at specific time-
points or at hospital handover). According to the Utstein
definition cited above, we will only consider reportings
of ‘ROSC at any time’ as our primary outcome ‘ROSC’.
Reportings of ‘ROSC at hospital handover’ will be consid-
ered as secondary outcome ‘alive at hospital admission’.

If the underlying guideline is not stated within the text,
we will collate the trial to the recommendations which
were valid as per period of study.

In some publications, ‘hands-off time’ (in seconds) or
‘hands-off ratio’ (in percentage of ‘hands-on’ or compres-
sion time) may be indicated in lieu of ‘no-flow time’ (in
seconds).

Risk of bias in individual studies
For each included RCT, we will follow Cochrane Risk of
Bias tool, which is the standard tool for assessing risks of
bias in RCTs.%* Each of the following potential sources of
bias will be evaluated where applicable:

Random sequence generation.

Allocation concealment.

Blinding of participants and personnel.

Blinding of outcome assessment.

Incomplete outcome data.

Selective outcome reporting.

Other bias (including baseline imbalance, early termi-

nation of the trial, funding bias, etc).
Each will be graded as ‘high’, ‘low’ or ‘unclear’, and a
justification for the judgement will be presented in the
risk of bias table.

We will assess the risk of bias for included quasi-RCT
with Cochrane Risk Of Bias in Non-randomized Studies
- of Interventions (ROBINS-T) tool.” The following cate-
gories will be evaluated at study level:

» Confounding.

Selection of participants into the study.
Classification of interventions.
Deviations from intended interventions.
Missing data.

Measurement of outcomes.

VVVYVYYVYYVYY
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» Selection of the reported result.

Each domain will be categorised ‘critical’, ‘serious’,
‘moderate’, ‘low’ risk of bias or ‘no information’. We will
also present the justification of the judgement in the risk
of bias table. The overall risk of bias for one outcome of
quasi-RCT will be determined by the highest risk of bias
rating of the particular item.

Data synthesis and analysis

Statistical analytics

For dichotomous outcomes (primary and secondary
outcomes), OR with its 95% CI will be used as effect
measure per trial. In binary outcomes where rare or 0
events are expected in some trial-arms (ie, some of the
secondary outcomes as trauma), the Peto OR will be used
to avoid the necessity of a continuity correction. As the
Peto OR is only suitable for rare events,”* conventional OR
will be used for all other binary outcomes. If possible, the
OR and its SE will be extracted directly, preferably from
an adjusted model. If the adjusted OR is not reported,
the unadjusted OR along with its SE will be obtained
when the events and numbers of patients per interven-
tion group are available. For continuous outcomes, the
standardised mean difference (SMD) with its 95% CI will
be used as effect measure per trial. For survival outcomes,
(adjusted) HR estimated in Cox regression models will
be used if reported. Results extracted from log-rank tests,
Kaplan-Meier curves or reported Kaplan-Meier estimates
will be used as alternatives. If neither Cox-regression nor
Kaplan-Meier estimators are reported, survival outcomes
will be extracted as dichotomous outcome. ORs will be
combined by using the Mantel-Haenszel method, and
SMDs will be pooled by the inverse-variance method.
Effect measures will be combined separated by study
design (RCT and quasi-RCT).** Random-effects models
will be used to account for the expected between-trial
heterogeneity by estimating the overall effect, and the
Hartung-Knapp method will be applied to the corre-
sponding CI if at least five trials contribute information
to an estimate.”® Results of fixed-effects models will be
provided and discussed in contrast to the results of the
random-effects models. We will investigate all results for
statistical heterogeneity by I*statistics and by interpreting
them in relation to the estimated between-trial variance
7%, If there is a considerable heterogeneity (I°>75%), no
meta-analysis will be performed.

R V.35.0 or higher (R Foundation for Statistical
Computing, Vienna, Austria) and the R meta package
V.4.9-5 or higher (developed by Guido Schwarzer) will be
used for all statistical analyses. For generating diagrams,
we will use Review Manager, V.5.2.7 (The Nordic Cochrane
Centre, Copenhagen, Denmark).

Meta-bias

We will perform a statistical investigation of potential
publication bias based on a test of funnel plot asym-
metry, if there have been at least 10 studies pooled for
one outcome. Sensitivity analyses will be conducted with

regard to the quality of studies. Further sensitivity anal-
yses will be performed during the course of the review, if
irregularities of individual studies are found. We will set
up ‘summary of findings’ as recommended by Cochrane
Collaboration.”* %

In order to detect reporting bias, we will compare the
data reported in publications with a priori study proto-
cols, or registrations.

Confidence in cumulative evidence

The quality of evidence will be analysed by using
GRADEpro GDT (Guideline Development Tool, Grade
Working Group, McMaster University and Evidence
Prime, Hamilton, Canada). Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE)
is an accepted tool for quality assessment and is used to
grade the body of evidence at outcome level.”

Interventions

Titles and/or abstracts of studies retrieved from the
search and those from additional sources after tracing
reference sections will be screened to identify studies
which possibly meet the inclusion criteria. The full text
of those potentially eligible studies will be retrieved and
assessed for eligibility. We will use a standardised ques-
tionnaire to extract data from the included studies for
assessment of study quality and evidence synthesis.

Qualitative synthesis

We will provide a narrative synthesis of the findings from
the studies included, which will be structured around the
mechanical chest compression techniques, and we will
summarise study characteristics by including risks of bias
and outcomes, in tables.

Quantitative synthesis

Whenever possible, we will provide summaries of the
intervention effects by using the effect measures along
with their 95% CI and p values for each trial and for the
combined effect. The results will be graphically illustrated
by forest plots.

Subgroups

We plan subgroup analyses for both techniques of
mechanical chest compression (semi-circumferentially
constricting  load-distributing  band vs  vertically
compressing piston), for the setting (in-hospital vs out-of-
hospital, urban vs rural, and Europe vs the USA vs other
regions) as well as for the initially presented rhythm
(shockable vs non-shockable). If applicable, we will
perform subgroup analysis of aetiology and concomitant
treatment.

Heterogeneity

All results will be investigated for statistical heterogeneity
by I%-statistics and by between-trial variance 2 If there
is a considerable heterogeneity (12275%) for an outcome,
no meta-analysis will be performed.
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Sensitivity analysis will be performed to identify
scenarios (like non-compliance, protocol violations,
missing data, outcome definitions, clustering or correla-
tion, competing risks, baseline imbalance, distributional
assumptions or outliers) which influence the findings of
the review.”' Results of sensitivity analysis will be presented
together with the study assessment sheets.

Amendments
Any protocol amendment will be stated with reason in the
Methods section of the subsequent publications.

Patient and public involvement

Patients and the public have not been involved in
this protocol of a systematic review and meta-analysis.
By defining neurologically intact survival as primary
outcome, we will put our focus on the outcome which
is most important to the patient. This topic is of specific
interest to our patients, because the quality of CPR in
general and the quality of chest compressions in partic-
ular will determine their abilities or disabilities, and their
quality of life after the incident (ie, the ‘neurological
outcome’). Unfortunately, this constitutes an endpoint
which is not easy to assess and therefore is uncommon in
resuscitation studies.

ETHICS AND DISSEMINATION

No further ethical approval is needed as data from previous
studies, whose authors declared clearance by the respon-
sible ethics commissions, will be retrieved and analysed.

As resuscitation studies are conducted under an
emergency, they cannot meet the demand of informed
consent, which is an important issue laid down in the
Declaration of Helsinki Ethical Principles for Medical
Research Involving Human Subjects.”” Though, these
studies regularly use an emergency exception to the need
for informed consent.””"° In particular with regard to this
predicament, the implementation of ethical consider-
ations in resuscitation studies has to be assessed critically.

This publication contains data deriving from a prelim-
inary project which was part of a doctoral thesis at Ulm
University.*

After the completion of this meta-analysis, we intend to
prepare a manuscript for publication in an international
peerreviewed journal and to present the results at scientific
conferences. Our scheduled timeline is detailed in table 5.

DISCUSSION

A primary evaluation of this project identified 107 trials
on 179505 patients, 444 pigs, 62 dogs and 723 manikin
scenarios comparing mechanical to manual CPR. This
evaluation did not meet established quality criteria of a
systematic review, but we were able to become aware of
the issues related to mechanical chest compressions and
current evidence.”*

Several systematic reviews and meta-analyses of hetero-
geneous design and quality compare outcome rates
following manual and mechanical CPR, with their limita-
tions previously mentioned.” *' 7 3 % 34 A carefully
performed Bayesian network meta-analysis by Khan and
colleagues compares manually operated chest compres-
sions with different mechanical chest compression tech-
niques, but misses the opportunity to get a deeper insight
into specific subgroups.”” Traditionally, resuscitation
studies assess effects of interventions in overall patient
collectives on survival rates in order to answer the ques-
tion if an intervention is superior to its control. However,
this assumes a similar effect of the same intervention in
heterogeneous patients and under varying circumstances.
Up to now, only a few findings contribute to solving the
clinical problem: if an individual patient may profit from
mechanical chest compressions and if the team should
strive for the application of an automated mechanical
CPR device on a specific occasion. This implies the need
of a review which may close this gap in knowledge by
putting its focus on the identification of carefully selected
subgroups concerning patient characteristics, settings,

Table 5 Timeline

Task/duration (months)

12345617389 10

Study design and drafting the manuscript for the study protocol

Critical revision by collaborators

Publication phase (study protocol), possibly revisions/resubmissions

Study assessment (reviewer #1) study assessment (reviewer #2)

Revision of judgements, forging consensus for discrepancies
Data extraction (reviewer #1) data extraction (reviewer #2)
Qualitative and quantitative synthesis (meta-analyses)
Drafting the manuscripts for publication and presentations
Critical revision by collaborators

Publication phase (meta-analysis), possibly revisions/resubmissions

Scheduled duration of the systematic review and meta-analysis in months.
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situations, environments and circumstances when auto-
mated mechanical chest compressions are superior to
manual CPR.

Mechanical CPR devices are considered potential
advanced life support adjuvants in a public draft of the
upcoming guidelines on CPR. While guidelines do not
support the routine use of these devices, they state several
special circumstances when mechanical chest compres-
sions may be considered (issues such as quality, safety,
feasibility and practicability). But the recommendations
do not make it clear when mechanical CPR should be
considered, that is for which patients, in which situations,
or at which point of time.”

Strengths and limitations

When comparing mechanical to manual CPR, several
confounders may influence the patients’ outcome, which
in their entirety are complex to detect. Any prospective
study may be subject to a Hawthorne-like effect, when
individuals (in this case, emergency or critical care
teams) show a different behaviour due to the knowledge
that they participate in a study leading to performance
bias in or between intervention and control groups. The
first automated CPR systems have been developed just
shortly after the description of manual chest compression
in the 1960s.” Therefore, studies of over half a century
will have to be assessed, and guideline revisions will have
to be considered in the meantime. On the other hand, it
is yet to determine to what extent study designs comply
with particular recommendations.

Publication bias is a common problem in evidence-
based medicine, as only studies may be assessed if the
authors are aware of their existence. In order to reduce
publication bias, we will ask stakeholders for unpublished
data, but the risk of publication bias will depend on their
cooperativeness.

Conference abstracts are typically subject to word
limits, impairing the possibility of responding to all
aspects of study design and conduction in a short text. To
prevent bias due to the lack of information in abstracts,
we will ask the authors for additional information. As
mentioned earlier, the prevention of bias will require
their cooperativeness.

The reliability of this review may be affected by hetero-
geneous design and quality of the studies included.
Through our previous work, we have become aware of a
variability in individual patient characteristics, treatment
performance, timing of the installation of devices and
outcome definitions in studies of automated mechanical
CPR.

By including quasi-RCT, risks of bias in random
sequence generation, blinding and allocation conceal-
ment must be considered. It is generally difficult to assign
allocation concealment to an intervention like mechan-
ical chest compression, even in randomised studies. The
blinding of rescuers is impossible due to the intervention,
but patients may be considered blinded because they are

unconscious. Though, with predictable risks, we decided
to include quasi-RCT in our review.

Surrogate outcomes like ROSC or survival rate until
hospital admission are easier to obtain than ‘hard’ clinical
outcomes which require considerable resources for study
design, funding, recruitment, conduction and follow-up.
But patients are interested neither in survival rates nor in
rates of ROSC—the relevant outcome from our patients’
point of view is at which neurological state they may
survive. Hence, neurologically intact survival should be
considered as a matter of most particular interest.

The most important strength of this systematic review
and meta-analysis will be the subgroup analyses of auto-
mated mechanical chest compression techniques, setting,
region, initially presented rhythm, aetiology and concom-
itant treatment. This is of clinical relevance with regard
to increasing treatment options in hospital, where auto-
mated mechanical CPR devices might provide a ‘bridge’
to definitive treatment for designated patient groups
under certain conditions and in specific environments.
We hope that this systematic review and meta-analysis may
contribute to implicate future clinical and scientific issues
towards an individualised decision-making.

Author affiliations

'Department of Anaesthesiology, Heidelberg University Hospital, Heidelberg,
Germany

%Rheinland Klinikum, Lukaskrankenhaus Neuss, Neuss, Germany

®Department of Anaesthesiology, Um University Hospital, Ulm, Germany
“Institute for Emergency Medicine, Schleswig-Holstein University Hospital, Kiel,
Germany

*Institute of Medical Biometry and Informatics, Heidelberg University Hospital,
Heidelberg, Germany

Twitter Manuel Obermaier @ManuelObermaier

Acknowledgements We thank Matthes Hackbusch for assistance with study
design and funding application.

Contributors Study conception and design: MO, JBZ, C-MM, KJ, SES. Funding
application: MO, KJ, SES, MAW. Acquisition of data: not applicable for study
protocols. Data analysis and interpretation: not applicable for study protocols.
Drafting of the manuscript: MO, SES. Critical revision for important intellectual
content: JBZ, EP, MAW, SW, AD-L, C-MM, BLN, J-TG, SES. All authors read and
approved the final manuscript. They agree to be accountable for all aspects of the
work in ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved. MO will have full access to all
of the data in the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis.

Funding This work has been funded by institutional means. The authors have
applied for a grant by the German Ministry of Education and Research, whose final
decision is still expected.

Competing interests None declared.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Obermaier M, et al. BMJ Open 2021;11:€042062. doi:10.1136/bmjopen-2020-042062

11


https://twitter.com/ManuelObermaier

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,

and license their derivative works on different terms, provided the original work is

properly cited, appropriate credit is given, any changes made indicated, and the use

is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Manuel Obermaier http://orcid.org/0000-0003-0881-4757

REFERENCES

1

2

Kouwenhoven WB, Jude JR, Knickerbocker GG. Closed-Chest
cardiac massage. JAMA 1960;173:1064-7.

Deneke T, Borggrefe M, Hindricks G, et al. [Comments on the 2015
ESC guidelines on ventricular arrhythmia and prevention of sudden
cardiac death]. Kardiologe 2017;11:27-43.

Rudic B, Tulimen E, Liebe V, et al. [Sudden cardiac death :
Epidemiology, pathophysiology and risk stratification]. Herz
2017;42:123-31. doi:10.1007/s00059-017-4545-6

Bajanowski T, Pischel K, Dettmeyer R. [Sudden cardiac death.
Selected forensic aspects]. Pathologe 2012;33:217-27. doi:10.1007/
s00292-011-1556-6

Arntz H-R, Mochmann H-C, Breckwoldt J. [Sudden cardiac arrest:
Does it strike the victim without warning?]. Notfall Rettungsmed

24

26

27

28

29

Wik L, Olsen J-A, Persse D, et al. 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.

Rubertsson S, Lindgren E, Smekal D, et al. Mechanical chest
compressions and simultaneous defibrillation vs conventional
cardiopulmonary resuscitation in out-of-hospital cardiac arrest.
JAMA 2014;311:53-61.

Perkins GD, Lall R, Quinn T, et al. Mechanical versus manual chest
compression for out-of-hospital cardiac arrest (PARAMEDIC):

a pragmatic, cluster randomised controlled trial. The Lancet
2015;385:947-55.

Holm I, Olson H, Friberg H. Mechanical chest compressions and
outcome in patients with out-of-hospital cardiac arrest: a registry
study. Resuscitation 2013;84:S72.

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;134:2131-3.
doi:10.1161/CIRCULATIONAHA.116.026053

Seewald S, Obermaier M, Lefering R, et al. Application of mechanical
cardiopulmonary resuscitation devices and their value in out-of-
hospital cardiac arrest: a retrospective analysis of the German
resuscitation registry. PLoS One 2019;14:e0208113.

Obermaier M, Seewald S, Muth CM. Préklinischer Einsatz von
Kardiokompressionssystemen und deren Rolle in der préklinischen
Reanimation: Eine retrospektive Analyse des Deutschen
Reanimationsregisters. Anaesth Intensivmed 2014;55:S13.

2 31 Wang PL, Brooks SC. Mechanical versus manual chest
2013'1 6:22-6. . . compressions for cardiac arrest. Cochrane Database Syst Rev
6 Schimpf R, Yen K, Borggrefe M. [Sudden cardiac death in the young: 2018;8:CD007260. doi:10.1002/14651858.CD007260.pubd
how can disease recognition and prevention in family members be 32 Westfall M, Krantz S, Mullin C, et al. Mechanical versus manual
improved?] Herzschrittmacherther Elektrophysiol 2012;23:149-60. chest compressions in out-of-hospital cardiac arrest. Crit Care Med
7 Trappe H-J. [Sudden cardiac death: Incidence, risk stratification, 2013:41:1782-9.
treatment strategies]. Kardiologe 2007;1:261-71. ) 33 Adedipe A, Nichol G. To push or not to push: manual or mechanical
8 BDA, DGAI, GRC. Ein Leben retten, 2020. Available: www. compressions for cardiac arrest? Crit Care Med 2013;41:1824-6.
einlebenretten.de , , doi:10.1097/CCM.0b013e3182963e52
9 ﬁrétif/ii\jﬂdalfsu]CKHI;_szl([)%gqsc;e-?szargIac death in apparently healthy 34 Gates S, Quinn T, Deakin CD, et al. Mechanical chest compression
. 9E - [DOT for out of hospital cardiac arrest: systematic review and meta-

10 Damluji AA, Al-Damluji MS, Pomenti S, et al. Health care costs after analysis. Ffesgscitation 2015.94:91):7'
cardiac arrest in the United States. Circulation 2018;11:e005689. 35 Bonnes JL, Brouwer MA, Na’varese EP, et al. Manual

11 Stecker EC, Reinier K, Marijon E, et al. Public health burden of cardiopulmonary resuscitation versus CPR including a mechanical
sudden cardiac death in the United States. Circulation 2014;7:212-7. chest compression device in out-of-hospital cardiac arrest: a

12 Ha.|g S. Keep your hands on the chest. Resusc:tathn 2014;85:847-8. comprehensive meta-analysis from randomized and observational

13 Idris AH, Guffey D, Pepe PE, et al. Chest compression rates and studies. Ann Emerg Med 2016;67:349-60.

S“rV'Yal T°”°W'”9 out-of-hospital cardiac Arrest". Crit Care Med 36 Luxen JP, Birkholz T, Hatz A, et al. [Use of mechanical resuscitation
2015'43'840_§' . . devices in cardiopulmonary resuscitation]. Notfall Rettungsmed

14 Lukas R-P, Grasner JT, Seewald S, et al. Chest compression quality 2015:18:119-29.
management and return of spontaneous circulation: a matched-pair 37 Dekk;ars OM. Vandenbroucke JP. Cevallos M. et al. COSMOS-E:
registry study. Resuscitation 2012;83:1212-8. , guidance on conducting systematic reviews and meta-analyses of

15 Reynolds JC, Salcido DD, Menegazzi J.J. Coronary perfusion observational studies of etiology. PLoS Med 2019;16:61002742.
pressure and return of spontaneous circulation after prolonged 38 LiH, Wang D, Yu 'Y, et al. Mechanical versus manual chest
cardiac arrest. Prehospital Emergency Care 2010;14:78-84. compressions for cardiac arrest: a systematic review and meta-

16 Steen S, Liao Q, Pierre L, et al. Evaluation of LUCAS, a new device analysis. Scand J Trauma Resusc Emerg Med 2016;24:10.
for automatic mechanical compression and active decompression 39 Zhu N, Chen Q, Jiang Z, et al. A meta-analysis of the resuscitative
resuscitation. Resuscitation 2092;55:285‘99- ) ) effects of mechanical and manual chest compression in out-of-

17 Swanson M, Poniatowski M, O’Keefe M. A CPR assist device hospital cardiac arrest patients. Crit Care 2019;23:100.
increased emergency department admission and end tidal carbon 40 Gates S, Smith JL, Ong GJ, et al. Effectiveness of the LUCAS device
dioxide partial pressures during treatment of out of hospital cardiac for mechanical chest compression after cardiac arrest: systematic
arrest. Circulation 2006;114:5554. ) review of experimental, observational and animal studies. Heart

18 Ward KR, Menegazzi JJ, Zelenak RR, et al. A comparison of chest 2012:98:908-13.
compressions between mechanical and manual CPR by monitoring 41 Liu M, Shuai Z, Ai J, et al. Mechanical chest compression with
end-tidal PCO2 during human cardiac arrest. Ann Emerg Med LUCAS device does not improve clinical outcome in out-of-hospital
1993'2,2'669'74' . cardiac arrest patients. Medicine 2019;98:e17550.

19 Halperin H, Berger R, Chandra N, et al. Cardiopulmonary 42 Tang L, Gu W-J, Wang F. Mechanical versus manual chest
resus.cmfltlon with a hydraulic-pneumatic band. Crit Care Med compressions for out-of-hospital cardiac arrest: a meta-analysis of
2_000'28'N_?03_6' . . randomized controlled trials. Sci Rep 2015;5:15635.

20 Liao Q, Sjoberg T, Paskevicius A, et al. Manual versus mechanical 43 Couper K, Yeung J, Nicholson T, et al. Mechanical chest
cardiopulmonary resuscitation. An experimental study in pigs. BMC compression devices at in-hospital cardiac arrest: a systematic
Cardiovasc Disord 2010;10:53. ) review and meta-analysis. Resuscitation 2016;103:24-31.

21 Rubertsson S, Karlsten R. Increased cortical cerebral blood flow 44 Lameijer H, Immink RS, Broekema JJ, et al. Mechanical
with LUCAS; a new device for mechanical chest compressions cardiopulmonary resuscitation in in-hospital cardiac arrest: a
compared to standard external compressions during experimental systematic review. Eur J Emerg Med 2015;22:379-83.
cardiopulmonary resuscitation. Resuscitation 2005;65:357-63. 45 Paradis NA, Young G, Lemeshow S, et al. inhomogeneity and

22 Obermaier M. Stellenwert von Kard|c_>korr_1pr'es§|onssystemer_1 in temporal effects in AutoPulse assisted prehospital international
der guBer— und |nnerk||n|schen. Reanimation: Eine retrospgktlye Resuscitation—an exception from consent trial terminated early. Am
Registeranalyse und prospektive Metaanalyse [MD]. Medizinische J Emerg Med 2010;28:391-8.

Fakultét, Universitat Uim 2018. . 46 Obermaier M, Schramm C. LUCAS® leaving its footprints during

23 Obermaier M, Seewald S, Grasner JT. Mensch oder Maschine? cardiopulmonary resuscitation. Vis J Emerg Med 2019;17:100666.
Metaanalyse zur Anwendung von Kardiokompressionssystemen
bei der Kardiopulmonalen Reanimation. Anaesth Intensivmed
2015;56:5424.

12 Obermaier M, et al. BMJ Open 2021;11:042062. doi:10.1136/bmjopen-2020-042062


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0881-4757
http://dx.doi.org/10.1001/jama.1960.03020280004002
http://dx.doi.org/10.1007/s12181-016-0115-z
http://dx.doi.org/10.1007/s00059-017-4545-6
http://dx.doi.org/10.1007/s00292-011-1556-6
http://dx.doi.org/10.1007/s10049-012-1675-5
http://dx.doi.org/10.1007/s00399-012-0228-4
http://dx.doi.org/10.1007/s12181-007-0030-4
www.einlebenretten.de
www.einlebenretten.de
http://dx.doi.org/10.1007/s00059-007-2998-8
http://dx.doi.org/10.1161/CIRCEP.117.005689
http://dx.doi.org/10.1161/CIRCEP.113.001034
http://dx.doi.org/10.1016/j.resuscitation.2014.04.019
http://dx.doi.org/10.1097/CCM.0000000000000824
http://dx.doi.org/10.1016/j.resuscitation.2012.03.027
http://dx.doi.org/10.3109/10903120903349796
http://dx.doi.org/10.1016/S0300-9572(02)00271-X
http://dx.doi.org/10.1016/S0196-0644(05)81845-1
http://dx.doi.org/10.1097/00003246-200011001-00008
http://dx.doi.org/10.1186/1471-2261-10-53
http://dx.doi.org/10.1186/1471-2261-10-53
http://dx.doi.org/10.1016/j.resuscitation.2004.12.006
http://dx.doi.org/10.1016/j.resuscitation.2014.03.005
http://dx.doi.org/10.1001/jama.2013.282538
http://dx.doi.org/10.1016/S0140-6736(14)61886-9
http://dx.doi.org/10.1016/j.resuscitation.2013.08.185
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.026053
http://dx.doi.org/10.1371/journal.pone.0208113
http://dx.doi.org/10.1002/14651858.CD007260.pub4
http://dx.doi.org/10.1097/CCM.0b013e31828a24e3
http://dx.doi.org/10.1097/CCM.0b013e3182963e52
http://dx.doi.org/10.1016/j.resuscitation.2015.07.002
http://dx.doi.org/10.1016/j.annemergmed.2015.09.023
http://dx.doi.org/10.1007/s10049-014-1956-2
http://dx.doi.org/10.1371/journal.pmed.1002742
http://dx.doi.org/10.1186/s13049-016-0202-y
http://dx.doi.org/10.1186/s13054-019-2389-6
http://dx.doi.org/10.1136/heartjnl-2011-301571
http://dx.doi.org/10.1097/MD.0000000000017550
http://dx.doi.org/10.1038/srep15635
http://dx.doi.org/10.1016/j.resuscitation.2016.03.004
http://dx.doi.org/10.1097/MEJ.0000000000000304
http://dx.doi.org/10.1016/j.ajem.2010.02.002
http://dx.doi.org/10.1016/j.ajem.2010.02.002
http://dx.doi.org/10.1016/j.visj.2019.100666

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Lardi C, Egger C, Larribau R, et al. Traumatic injuries after
mechanical cardiopulmonary resuscitation (LUCAS™2): a forensic
autopsy study. Int J Legal Med 2015;129:1035-42.

Blomberg H, Gedeborg R, Berglund L, et al. Poor chest compression
quality with mechanical compressions in simulated cardiopulmonary
resuscitation: a randomized, cross-over manikin study. Resuscitation
2011;82:1332-7.

Cambridge B, Chelin A, Lamb A. SAEM abstracts, plenary session.
Acad Emerg Med 2012;19:S4-393.

Wang H-C, Chiang W-C, Chen S-Y, et al. Video-recording and time-
motion analyses of manual versus mechanical cardiopulmonary
resuscitation during ambulance transport. Resuscitation
2007;74:453-60.

Yost D, Phillips RH, Gonzales L, et al. Assessment of CPR
interruptions from transthoracic impedance during use of the
LUCAS™ mechanical chest compression system. Resuscitation
2012;83:961-5.

Monsieurs KG, Nolan JP, Bossaert LL, et al. European resuscitation
Council guidelines for resuscitation 2015. Resuscitation
2015;95:1-80.

Perkins GD, Jacobs |G, Nadkarni VM, et al. Cardiac arrest and
cardiopulmonary resuscitation outcome reports: update of the
Utstein resuscitation registry templates for out-of-hospital cardiac
arrest: a statement for healthcare professionals from a task force

of the International liaison Committee on resuscitation (American
heart association, European resuscitation Council, Australian and
New Zealand Council on resuscitation, heart and stroke Foundation
of Canada, InterAmerican heart Foundation, resuscitation Council
of southern Africa, resuscitation Council of Asia); and the American
heart association emergency cardiovascular care Committee and
the Council on cardiopulmonary, critical care, perioperative and
resuscitation. Circulation 2015;132:1286-300.

Jennett B, Bond M. Assessment of outcome after severe brain
damage. Lancet 1975;1:480-4.

Rankin J. Cerebral vascular accidents in patients over the age of 60:
1. prognosis. Scott Med J 1957;2:200-15.

Rittenberger JC, Raina K, Holm MB, et al. Association between
cerebral performance category, modified Rankin scale, and discharge
disposition after cardiac arrest. Resuscitation 2011;82:1036-40.
Crile G, Dolley DH. An experimental research into the resuscitation of
dogs killed by anesthetics and asphyxia. J Exp Med 1906;8:713-25.
Eftestol T, Sunde K, Steen PA. Effects of interrupting precordial
compressions on the calculated probability of defibrillation success
during out-of-hospital cardiac arrest. Circulation 2002;105:2270-3.
Christensen PH, Barnung S, Steinmetz J. Mechanical cardiac
massage. Ugeskr Laeger 2009;171:2463-5.

Hallstrom A, Rea TD, Sayre MR, et al. Manual chest compression vs
use of an automated chest compression device during resuscitation
following out-of-hospital cardiac arrest. JAMA 2006;295:2620-8.
Paradis NA, Kamlan D, Ghilarducci D. The California AutoPulse
quality assurance registry. Circulation 2009;120:S1457.

Haywood K, Whitehead L, Nadkarni VM, et al. COSCA (core
outcome set for cardiac arrest) in adults: an Advisory statement

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

from the International liaison Committee on resuscitation. Circulation
2018;137:e783-801.

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev 2015;4:1.

Higgins JPT, Thomas J, Chandler J. Cochrane Handbook for
systematic reviews of interventions. Wiley Cochrane series. Hoboken:
Wiley, 2019.

Stroup DF, Berlin JA, Morton SC, et al. Meta-Analysis of
observational studies in epidemiology: a proposal for reporting.
meta-analysis of observational studies in epidemiology (moose)
group. JAMA 2000;283:2008-12.

Cochrane Collaboration. Data collection form for intervention
reviews: RCTs and non-RCTs. version 3, 2018. Available: http://
training.cochrane.org/resource/data-collection-forms-intervention-
reviews

Sterne JAC, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for
assessing risk of bias in non-randomised studies of interventions.
BMJ 2016;355:i14919.

Institut fur Qualitat und Wirtschaftlichkeit im G. Allgemeine
Methoden: Entwurf fir version 5.0, 2016. Available: https://www.
igwig.de/download/IQWiG_Methoden_Entwurf-fuer-Version-5_final.
pdf

Guyatt GH, Oxman AD, Kunz R, Vist GE, et al. What is “quality

of evidence” and why is it important to clinicians? Br Med J
2008;336:995-8.

Higgins JPTet al. Measuring inconsistency in meta-analyses. BMJ
2003;327:557-60.

Thabane L, Mbuagbaw L, Zhang S, et al. A tutorial on sensitivity
analyses in clinical trials: the what, why, when and how. BMC Med
Res Methodol 2013;13:92.

Rickham PP, Experimentation H. Human experimentation. code of
ethics of the world Medical association. Declaration of Helsinki. Br
Med J 1964;2:177.

Abramson NS, Meisel A, Safar P. Deferred consent. A new
approach for resuscitation research on comatose patients. JAMA
1986;255:2466-71.

Hook CC, Koch KA. Ethics of resuscitation. Crit Care Clin
1996;12:135-48.

Kremers MS, Whisnant DR, Lowder LS, et al. Initial experience using
the food and drug administration guidelines for emergency research
without consent. Ann Emerg Med 1999;33:224-9.

Mosesso VN, Cone DC. Using the exception from informed consent
regulations in research. Acad Emerg Med 2005;12:1031-9.

Khan SU, Lone AN, Talluri S, et al. Efficacy and safety of mechanical
versus manual compression in cardiac arrest — a Bayesian network
meta-analysis. Resuscitation 2018;130:182-8.

Soar J, Bottiger BW, Carli P. Draft guidelines for public Comment:
adult Advaned life support www.cprguidelines.eu: European
resuscitation Council, 2020. Available: www.cprguidelines.eu

Bailey RA, Browse NL, Keating VJ. Automatic external cardiac
massage: a portable pneumatic external cardiac compression
machine. Heart 1964;26:481-9.

Obermaier M, et al. BMJ Open 2021;11:€042062. doi:10.1136/bmjopen-2020-042062

13


http://dx.doi.org/10.1007/s00414-015-1146-x
http://dx.doi.org/10.1016/j.resuscitation.2011.06.002
http://dx.doi.org/10.1016/j.resuscitation.2007.01.018
http://dx.doi.org/10.1016/j.resuscitation.2012.01.019
http://dx.doi.org/10.1016/j.resuscitation.2015.07.038
http://dx.doi.org/10.1161/CIR.0000000000000144
http://dx.doi.org/10.1016/s0140-6736(75)92830-5
http://dx.doi.org/10.1177/003693305700200504
http://dx.doi.org/10.1016/j.resuscitation.2011.03.034
http://dx.doi.org/10.1084/jem.8.6.713
http://dx.doi.org/10.1161/01.CIR.0000016362.42586.FE
http://dx.doi.org/10.1001/jama.295.22.2620
http://dx.doi.org/10.1161/CIR.0000000000000562
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.1001/jama.283.15.2008
http://training.cochrane.org/resource/data-collection-forms-intervention-reviews
http://training.cochrane.org/resource/data-collection-forms-intervention-reviews
http://training.cochrane.org/resource/data-collection-forms-intervention-reviews
http://dx.doi.org/10.1136/bmj.i4919
https://www.iqwig.de/download/IQWiG_Methoden_Entwurf-fuer-Version-5_final.pdf
https://www.iqwig.de/download/IQWiG_Methoden_Entwurf-fuer-Version-5_final.pdf
https://www.iqwig.de/download/IQWiG_Methoden_Entwurf-fuer-Version-5_final.pdf
http://dx.doi.org/10.1136/bmj.39490.551019.BE
http://dx.doi.org/10.1136/bmj.327.7414.557
http://dx.doi.org/10.1186/1471-2288-13-92
http://dx.doi.org/10.1186/1471-2288-13-92
http://dx.doi.org/10.1136/bmj.2.5402.177
http://dx.doi.org/10.1136/bmj.2.5402.177
http://dx.doi.org/10.1001/jama.255.18.2466
http://dx.doi.org/10.1016/S0749-0704(05)70220-7
http://dx.doi.org/10.1016/S0196-0644(99)70399-9
http://dx.doi.org/10.1197/j.aem.2005.06.021
http://dx.doi.org/10.1016/j.resuscitation.2018.05.005
www.cprguidelines.eu
http://dx.doi.org/10.1136/hrt.26.4.481

	Automated mechanical cardiopulmonary resuscitation devices versus manual chest compressions in the treatment of cardiac arrest: protocol of a systematic review and meta-­analysis comparing machine to human
	Abstract
	Introduction﻿﻿
	Rationale
	Burden of disease
	What is known?
	Medical problem
	Need for the systematic review
	Adverse effects

	Objectives
	Patients
	Experimental intervention
	Control intervention
	Outcomes and prioritisation
	Review questions


	Methods and analysis
	Eligibility criteria
	Study characteristics
	Population characteristics and setting
	Device characteristics

	Exclusion criteria
	Information sources
	Search strategy and study selection
	Search strategy
	Study selection

	Study records
	Data management
	Selection process and collection of data
	Data items
	Assumptions and simplifications
	Risk of bias in individual studies

	Data synthesis and analysis
	Statistical analytics
	Meta-bias
	Confidence in cumulative evidence
	Interventions
	Qualitative synthesis
	Quantitative synthesis
	Subgroups
	Heterogeneity

	Amendments
	Patient and public involvement

	Ethics and dissemination
	Discussion
	Strengths and limitations

	References


