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Abstract

Background: Cardiopulmonary resuscitation (CPR) is a major rescue measure for cardiac arrest (CA) patients, and chest compression is
the key to CPR. The Thumper device was designed to facilitate manual compression during CPR. However, current randomized controlled
trials (RCTs) provide controversial findings on the efficacy of the Thumper device. Objectives: This meta-analysis aimed to compare the
clinical benefits of using the Thumper device with manual chest compressions during the provision of CPR for patients in CA. Methods:
Relevant studies were retrieved from various databases, including Ovid, PubMed, Web of Science, EMBASE, Cochrane, and CNKI, and
by manually searching the reference lists of research and review articles. All RCTs published in either English or Chinese until June
31, 2020, were included in the meta-analysis. The odds ratios (ORs) and their 95% confidence intervals (95% Cls) for the return of
spontaneous circulation (ROSC), survival rate (SR), and the incidence of rib fractures (RFs) were compared between the manual and
Thumper chest compressions. Results: A total of 2164 records were identified, of which 16 were RCTs with an overall risk of bias
ranging from low to medium classification. Following CPR, the odds ratios for ROSC, SR, and RF were significantly better for the
Thumper chest compression with ORs of 2.56 (95% CI 2.11-3.11, 12 = 0%), 4.06 (95% CI 2.77-5.93, 12 = 0%), and 0.24 (95% CI 0.14—
0.41, 1% = 0%), respectively. Conclusions: The Thumper compression devices may improve patient outcome, when used at inhospital
cardiac arrest. This review suggests a potential role for mechanical chest compression devices for in-hospital cardiac arrest, but there is
an urgent need for high-quality research, particularly adequately powered randomised trials, to further examine this role.

Keywords: cardiac arrest; cardiopulmonary resuscitation (CPR); thumper; manual chest compression; meta-analysis; emergency care

In order to overcome the limitations of manual chest
compressions, several mechanical compression devices
have been proposed. Namely point chest compression, suc-
tion chest compression, full chest coverage load distribu-
tion compression (vest type), and broad chest compression
(three-dimensional type) [7]. Some experimental studies
have shown that mechanical chest compression can provide
more uniform recoil and increase the intrathoracic pressure
when compared with manual chest compression, thus in-
creasing the effective coronary perfusion pressure and sys-
temic blood flow [7-9]. This provides an advantage when

1. Introduction

Cardiac arrest (CA) is a medical emergency caused by
the abrupt loss of heart function resulting in a sudden loss
of blood flow [1]. CA is the leading cause of death world-
wide. In the United States and Europe, more than 300,000
and 450,000 people, respectively, die of CA each year [2,3].
The performance of timely cardiopulmonary resuscitation
(CPR) determines the survival rate as well as the neuro-
logical outcome in patients suffering from CA [4,5]. The
quality of the chest compression is essential during CPR to

maintain organ perfusion which ultimately determines the
prognosis of CA patients.

Chest compressions can be provided manually or me-
chanically. The main advantage of manual chest compres-
sion is that it can be administered immediately at the scene
and, hence, improves the chances of survival [5]. However,
the CPR procedure is also physically demanding. During
prolonged CPR, the rescuer’s fatigue can reduce the quality
of the chest compressions, particularly if the procedure is
performed outside the hospital or on hospital transport [6].

the CPR is performed outside the hospital or on ambulances
[10]. The Thumper compression device uses point chest
compression and is seeing an increase in use in the res-
cue of CA patients. When using a Thumper device, the
rescuers can focus on providing supplementary advanced
life support, as they no longer need to worry about provid-
ing manual chest compressions. This may improve the ef-
ficiency and outcomes of the rescue operation. Addition-
ally, compared with manual compression, the Thumper de-
vice provides constant high-quality chest compression, fre-
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quency, depth and rhythm. This eliminates the inconsis-
tencies caused by operator fatigue following a prolonged
manual resuscitation and changing operators throughout the
procedure.

However, the clinical benefit of using the Thumper de-
vice as opposed to the manual compression is still not clear.
There is an obvious inconsistency in the published litera-
ture on the efficacy of Thumper compression. Various ran-
domized controlled trials (RCTs) can not demonstrate that
Thumper compression can improve survival when com-
pared with manual compression. Nevertheless, several ob-
servational studies showed that Thumper device compres-
sion could improve the survival rate [11,12]. In addition,
there is a lack of data on the safety profile of the Thumper
device. Therefore there is a need for a meta-analysis to
summarize the relative effectiveness and safety of Thumper
devices in relation to manual compression in patients with
CA. In view of this, we conducted a meta-analysis to com-
prehensively evaluate the effects of Thumper compression
and manual compression in patients with cardiac arrest.

2. Materials and Methods

The meta-analysis was conducted in accordance
with the agreement registered in the PROSPERO
database on September 25, 2020 (Registration Num-
ber: CRD420206025).

2.1 Information Sources

Relevant studies published before June 30, 2020, were
retrieved from the Ovid, PubMed, Web of Science, EM-
BASE, Cochrane Library, Trials registries, Google Scholar,
and the China National Knowledge Infrastructure (CNKI)
electronic databases. In addition, snowballing was used to
identify relevant research articles from the reference list of
published studies. The Google Academy was used to iden-
tify and screen studies that cited such evidence. On April
28, 2020, we conducted a search on Google Academy and
conducted a supplementary search on the websites of rele-
vant organizations, including government departments and
research institutions. The database search was again up-
dated on November 15, 2022, and a final literature and
snowball search was performed on November 22, 2022.

2.2 Search Strategy

Twelve known related studies [1,11-21] were used to
identify records in the electronic databases. We determined
the candidate search terms by screening the records’ titles,
abstracts, and search processes. These terms were then used
to formulate a draft of the search strategy, and other search
terms were determined according to the results of the strat-
egy. The PubReMiner tool was used to identify and check
the frequency of the search terms. The MEDLINE policy
uses the Cochrane RCT filter reported in the Cochrane man-
ual version 5.2. The search strategy was limited to only En-
glish or Chinese language articles and there was no restric-

tion on publication. The search strategy was then verified
by ensuring that it could identify the 12 known related stud-
ies on the PubMed and EMBASE databases. The search
strategy was developed by experienced researchers among
the project members. The overall structure and accuracy of
the final search strategy were discussed and peer-reviewed
by Zhang. The final search strategy used a combination of
keywords to describe the condition (cardiac arrest), inter-
vention (compression device), and study design (RCT).

2.3 Inclusion and Exclusion Criteria

All RCTs on adult (age >18 years) CA patients pub-
lished in either English or Chinese that compared clinical
outcomes between the Thumper and manual chest compres-
sions were included in the meta-analysis. The primary clin-
ical outcome measure for this meta-analysis was the return
of spontaneous circulation (ROSC), and the secondary out-
come measures were discharge survival rate and the inci-
dence of rib fractures. If these all of the outcomes indicators
were not published in the study, the corresponding author of
the research articles was contacted via e-mail to provide the
additional data. If these data were not provided, the article
was excluded.

All studies using mechanical chest compression with
mechanical devices other than the Thumper were excluded.
Additionally, studies that included children under 18 years,
animal and simulation studies, non-RCTs, and those lack-
ing controls were excluded. Unpublished manuscripts and
conference abstracts were also excluded.

2.4 Selection Process

Two researchers (Luo and Zhang) independently re-
viewed the titles and abstracts of all records. The re-
searchers then filtered the titles and abstracts of all retrieved
articles to identify the full-text articles for inclusion. If
the included articles met the eligibility criteria, the full text
was further searched to ensure that all required data were
available. The references of the articles were also reviewed
to identify additional suitable studies. Any disagreements
in the retrieved articles were resolved through discussion.
If the researchers failed to reach an agreement, a third re-
searcher (Wang) was consulted for the final decision.

2.5 Data Collection Process

The general information of the research article (first
author name, year of study, and publication date), the sam-
ple size of the control group and experimental group, and
the type of study were extracted from the articles. Addi-
tionally, the American Heart Association (AHA) guidelines
used to define the control group, the intervention measures
of the experimental and control groups, and the outcome
indicators ROSC and discharge survival and the incidence
of rib fractures were also extracted. All the data were ex-
tracted by three researchers (Luo, Zhang, and Wang) and
recorded on an excel sheet. The extracted data were com-
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pared, and any differences were resolved through discus-
sion. Finally, one of the researchers (Luo) entered the data
into the Review Manager (ReMan) 5.3 software (Nordic
Cochrane Center, London, UK) and checked their accuracy.
If any part of the above data were not clearly described in
the research article, the corresponding author was consulted
to provide further details.

2.6 Risk of Bias Assessment

The included studies were assessed for bias in accor-
dance with the evaluation of the authenticity of RCT criteria
published by the Cochrane Collaboration Network. This
assessment is based on seven criteria: random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other biases. Two
reviewers (Luo and Zhang) independently applied the risk
assessment tools to all included studies and classified the
risk bias of each study as low-risk, high-risk, or unclear. A
justification for the classification was also provided. Any
differences in determining the risk of bias or justification
were resolved through discussions between the two review-
ers (Luo and Zhang). If necessary, a third reviewer (Wang)
acted as an arbitrator.

Funnel plot analysis was used to estimate the publica-
tion bias. If the funnel plot was asymmetric, the research
articles were reviewed to identify possible sources of bias,
such as publication or trial design bias. A sensitivity anal-
ysis was performed to determine the robustness of the ob-
served outcomes.

2.7 Statistical Analysis

The data were processed using the Revman 5.3 devel-
oped by the Cochrane Collaboration. The odds ratios (OR)
or mean differences (MDs) were reported for dichotomous
and continuous variables. The I-squared (I12) test was used
to assess the heterogeneity of the included studies. An I2
greater or equal to 50% indicates high heterogeneity be-
tween studies [22]. If the statistical heterogeneity among
studies was high, the subgroup analysis was deemed in-
valid, and the random effect model (RE) was used to an-
alyze the statistical indicators. Conversely, the fixed effect
(FE) model was used to analyze the statistical indicators if
the statistical heterogeneity was low. The differences in
clinical outcomes between the two compression methods
were deemed statistically significant if the p-value was be-
low 0.05.

2.8 Ethical Considerations

This study was conducted in compliance with the rec-
ommendations published by the preferred reporting item of
the guidelines (PRISMA 2020) for meta-analysis and sys-
tematic reviews. Since no patient data were collected in this
study, ethical approval was not required.
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3. Results
3.1 Searching Results/Study Selection

The studies identified during the literature screening
process are summarized in Fig. 1. A total of 2164 records
were retrieved in our database search, of which 11 arti-
cles were obtained by snowballing. After removing the
duplicate items, we identified 1454 relevant records, of
which only 45 were full-text articles. From these full-text
articles, only 16 papers met the eligibility criteria stated
above. Later, we searched for all references that ultimately
included evidence. However, no other articles identified
through this search met the eligibility criteria.

3.2 Study Characteristics and Quality

This meta-analysis included 16 RCTs involving 2275
CA patients. The characteristics of these studies and the
participants are summarized in Table 1 (Ref. [23-38]). All
16 articles used the random grouping method, and 4 of
them [23-26] reported the exact random method used. The
Cochrane bias risk assessment tool was used for quality as-
sessment and bias risk assessment was done at study level,
all 16 articles had an overall risk of bias, ranging from low
to high, as shown in Table 2 (Ref. [23-38]) and Fig. 2.

3.3 ROSC Rate

Among the 16 RCT studies, 15 studies [23,24,26-38]
compared the ROSC between the mechanical and manual
chest compressions. Thirteen of these studies [23,24,26—
33,35-37] showed that ROSC in the Thumper chest com-
pression group was significantly higher when compared
with the manual chest compression group (p < 0.05). In
contrast, no significant difference was reported in the other
two studies conducted by Taylor et al. [38] and Liu et
al. [34]. The meta-analysis showed that the ROSC in the
Thumper chest compression group was better than that in
the manual chest compression group (OR = 2.56, 95% CI
2.11~3.11,Z=9.47, p < 0.05). The forest plots of this anal-
ysis are presented in Fig. 3.

3.4 Discharge Survival Rate

Among the 16 RCT studies, six studies compared
[23,25,26,36-38] the discharge survival rate. Five of these
studies [23,25,26,36,37] showed that the discharge survival
rate in the Thumper chest compression group was signifi-
cantly higher (p < 0.05) than that of the manual chest com-
pression group, while no significant difference (p > 0.05)
was noted in the study by Taylor e al. [38]. The meta-
analysis results showed that the discharge survival rate in
the Thumper chest compression group was significantly
higher when compared with the manual chest compression
group (OR =4.06, 95% C12.77-5.93, Z = 7.22, p < 0.05).
The forest plot analysis is presented in Fig. 4.
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Fig. 1. 2020 PRISMA flowchart of the literature search and study selection process for new systematic reviews, which included

searches of databases, registers, and other sources. RCT, randomized controlled trials.

Random sequence generation (selection bias)
Allocation concealment (selection bias) | |
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _:.
otrerbios [ MM

0% 25% 50% 75%  100%

. Low risk of bias

|:| Unclear risk of bias

Bl High risk of bias

Fig. 2. Risk of bias summary for included studies.

3.5 Incidence of Rib Fractures

Among the 16 RCTs included, eight studies [26,
29-32,35,37,38] compared the incidence of rib fractures.
Seven of these studies [26,29-32,35,37] showed that the
incidence of rib fractures in the Thumper chest compres-
sion group was significantly lower (p < 0.05) when com-
pared with the manual chest compression group. There was
no heterogeneity among the studies (p = 0.67, 12 = 0%,
12 < 50%), so the FE model was used for meta-analysis.
The meta-analysis results showed that the incidence of rib
fractures in the Thumper chest compression group was sig-
nificantly lower than that of the manual chest compression

group (OR =0.24,95% C1 0.14-0.41,Z=5.12, p < 0.05).
The forest plot analysis is illustrated in Fig. 5.

3.6 Publication Bias

The ROSC funnel plot shape was inverted and sym-
metrical, indicating no significant bias (Fig. 6). The sym-
metry of the survival rate and rib fracture funnel plots could
not be evaluated due to limited studies evaluating these out-
comes. However, when considering the small sample size
in these studies, publication bias could not be ruled out.
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Thumper device

Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI

Ding HE 2014 23
Dong QL 2016 46
Guog 2014 43
He MM 2016 166
Huang & 2011 25
HUFE 2012 30
JinY 2013 kil
LiuHL 2015 42
Liu JF 2013 ]
LuXG 2010 42
Meng LF 2019 a9
Taylor1 878 10
fou 2017 32
Zhang CY 2017 43
Zheng H 2019 27

Total (95% CI)
Total events 629

967

Standard CPR

13 34 33%
24 50 1.7%
24 78 8.8%
13 200 17.4%
12 91 4.5%
18 52 B.E%
21 VB B8.9%
35 70 9.3%

3 16 1.6%
28 TE 9.3%
24 46 9.2%
10 24 50%
20 40 3%
LAl 80 9.4%
18 52 549%

985 100.0%
426

Heterageneity Chi*=13.29, df=14 (P =050}, F= 0%
Testfor overall effect; Z=9.47 (F = 0.00001)

Odds Ratio

0Odds Ratio

M-H. Fixed, 95% CI

2,38 [1.25, 9.16]
9.04 [2.82, 28.95]
2.61 [1.36, 5.02]
257 [1.61,4.17]
4,45 [2.02, 9.61]
2.27 [1.04, 4.84]
2.03[1.02, 4.04]
1.83[0.91, 3.65]
1.7 [0.38,10.17]
22517, 4.39]
318 [1.44, 7.02]
0.85[0.28, 2.72]
4.00[1.48, 10.749]
2.08 [1.06, 4.05]
2.43[1.08, 5.44]

2,56 [2.11, 3.11]

—
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Fig. 3. The ROSC forest plot of Thumper chest compression versus manual chest compression. CPR, cardiopulmonary resuscitation;

ClI, confidence interval; ROSC, return of spontaneous circulation.
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Total events 13
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2 24 BE%
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0Odds Ratio
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4.15[1.37,12.58]
B.27 [2.06,19.13]
418[1.25,14.02]
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Fig. 4. The discharge survival rate forest plot of Thumper chest compression versus manual chest compression. CPR, cardiopul-

monary resuscitation; CI, confidence interval.
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Fig. 5. Incidence of rib fractures forest plot of Thumper chest compression versus manual chest compression. CPR, cardiopul-

monary resuscitation; CI, confidence interval.
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Table 1. Characteristics of the included trials and participants.

Discharge Survival ~ Rib fracture

o)

2,

(i

4

Ss3id NI

Author and year Country  Setting  Year of study  Sample (T/C)  Study design Age (T/C) Men (%)  AHA version ROSC (T/C)
rate (T/C) (T/C)
Meng LF 2019 [23] China ER 2015-2018 200 (100/100) RCT (41.03 = 3.11)/ (42.01 £ 2.17) 56.5 2005 76/46 59/24 NR
Zheng H 2019 [27] China ER 2018-2018 100 (48/52) RCT 61 61 2015,2010 27/18 NR NR
Zhang CY 2017 [28] China ER 2015-2017 150 (70/80) RCT (59.18 £ 11.98)/ (62.65 £ 8.57) 78.7 2010 48/41 NR NR
You'Y 2017 [29] China ER 2015-2016 80 (40/40) RCT (63.71 + 13.97)/ (67.74 + 15.21) 60 2015 32/20 NR 0/4
He NN 2016 [24] China IHCA 20052011 400 (200/200) RCT 432 +£533 72 2005, 2010 166/131 NR NR
Gong N 2016 [25] China ER 2010-2014 247 (112/135) RCT (61 £ 17)/ (61 £ 18) 62.3 2010 Not applicable 18/4 NR
Dong QL 2016 [30] China IHCA 20122015 100 (50/50) RCT (64.12 £ 5.07)/ (63.71 £ 4.23) 56 2005 46/28 NR 0/6
Liu HL 2015 [31] China THCA 2012-2014 135 (65/70) RCT (68.37 = 11.16)/ (67.99 £ 11.09) 59.2 2010 42/35 NR 2/9
Ding HB 2014 [26] China ER 20112014 68 (34/34) RCT (45 65)/ (46 68) 54.4 2005 23/13 16/6 0/5
Guo S 2014 [32] China IHCA 20092012 158 (80/78) RCT (51.23 £ 9.86)/ (50.30 & 10.18) 58.9 2010 43/24 NR 1/4
JinY 2013 [33] China THCA 2008-2012 146 (71/76) RCT 1475 47.8 2008 31/21 NR NR
Liu JF 2013 [34] China THCA 2013 32 (16/16) RCT 3975 59.3 2010 5/3 NR NR
Hu PB 2012 [35] China ER 20102012 107 (55/52) RCT (47.38 4= 13.35)/ (45.44 £ 12.43) 52.3 2005 30/18 NR 7/20
Huang Q 2011 [36] China THCA 2008-2009 152 (62/91) RCT 1976 63.1 2005 25/12 10/4 NR
Lu XG 2010 [37] China ER 2009-2010 150 (74/76) RCT (47.72 + 14.25)/ (45.50 + 13.82) 59.3 2005 42/28 25/11 2/8
Taylor 1978 [38] America ER — 50 (26/24) RCT — — — 10/10 32 7/8
NR, not reported; RCT, randomized controlled trial; ROSC, return of spontaneous circulation; T/C, Thumper group/Control group; ER, emergency room; IHCA, in-hospital cardiac arrest; AHA, American Heart
Association.
Table 2. Evaluation of risk assessment of the included RCT according to the Cochrane Collaboration Network.
Author and year 1. Random Sf:quence 2 Allocation concealment 3. Blinding of participants 4. Blinding of outcome 5. Incomplete outcome 6. Selective reporting 7. Other bias
generation and personnel assessment data

Meng LF 2019 [23] Low risk Unclear risk Low risk unclear Low risk Low risk High risk

Zheng H 2019 [27] Low risk Unclear risk High risk unclear Low risk Low risk High risk

Zhang CY 2017 [28] Low risk Unclear risk Low risk Low risk Low risk Low risk High risk

YouY 2017 [29] Low risk Unclear risk High risk unclear Low risk Low risk High risk

He NN 2016 [24] Low risk Unclear risk Low risk unclear Low risk Low risk High risk

Gong N 2016 [25] Low risk Unclear risk Low risk Low risk Low risk Low risk High risk

Dong QL 2016 [30] Low risk Unclear risk Low risk unclear Low risk Low risk High risk

Liu HL 2015 [31] Low risk Unclear risk Low risk unclear Low risk Low risk High risk

Ding HB 2014 [26] Low risk Unclear risk Low risk Low risk Low risk Low risk High risk

Guo S 2014 [32] Low risk Unclear risk High risk unclear Low risk High risk High risk

Jin'Y 2013 [33] Low risk Unclear risk High risk High risk Low risk Low risk High risk

Liu JF 2013 [34] Low risk Unclear risk Low risk Low risk Low risk Low risk High risk

Hu PB 2012 [35] Low risk Unclear risk Low risk High risk Low risk Low risk High risk

Huang Q 2011 [36] Low risk Unclear risk Low risk unclear Low risk Low risk High risk

Lu XG 2010 [37] Low risk Unclear risk Low risk High risk Low risk Low risk High risk

Taylor 1978 [38] Low risk Unclear risk High risk unclear High risk unclear High risk

RCT, randomized controlled trial.
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Fig. 6. Funnel plot of the included paper. OR, odds ratio; SE,
standard error.

3.7 Sensitivity Analysis

The sensitivity analysis forest plots are shown in
Figs. 7,8,9. The sensitivity analysis showed that the differ-
ence between before and after each effect index was small.
The difference between the relative risk (RR) and OR mod-
els was not obvious. The outcomes of the study of None
et al. [38] varied when compared with the other studies,
in order to exclude bias caused by language differences
and it was therefore excluded from the sensitivity analy-
sis. The results of the effect indicators for the ROSC, sur-
vival rate, and incidence of rib fractures were 2.65 (95% CI
2.17-3.23, Z = 9.65), 4.24 (95% CI 2.87-6.26, Z = 7.28),
and 0.18, (95% CI 0.10-0.35, Z = 5.22), respectively. For
all outcome indicators, the results were statistically signifi-
cant (p < 0.00001), indicating that the findings of the meta-
analysis are highly reliable.

4. Discussion

The application of CPR for CA patients aims to re-
store spontaneous circulation as soon as possible and to ob-
tain better neurological function after discharge. The 2015
AHA guidelines for CPR emphasize that early high-quality
CPR is crucial to improving survival and neurological func-
tion in CA patients [6]. Current methods of compression
include manual compression and mechanical compression,
each of which has advantages and disadvantages. However,
current study provide controversial findings. Couper et al.
[11] showed that chest compression provided a better 30-
day survival rate and short-term survival rate when com-
pared with manual chest compression. In addition, West-
fall et al. [21] showed that mechanical chest compression
could significantly improve ROSC and load compression
distribution compared with manual compression. However,
only a few study showed that mechanical chest compression
could significantly improve the prognosis of CA patients
[11,21]. In contrast, several study conducted in recent years
with more participants concluded that the use of mechani-
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cal compression devices did not improve prognosis com-
pared with manual chest compressions [1,15]. In a study
performed by Zhu et al. [14], the ROSC rate, in-hospital
survival rate, discharge survival rate, and CPC score in the
manual chest compression group were significantly better
than those of the mechanical chest compression group. The
study conducted by Khan et al. [15] showed that mechani-
cal chest compression performed resulted in a similar 30-
day survival rate, discharge survival rate, admission sur-
vival rate, ROSC, neurological function recovery, and rib
fracture incidence when compared with manual chest com-
pressions. However, although some studies concluded that
mechanical compression has no obvious advantage in the
prognosis of CA patients, it can be difficult to provide high-
quality chest compression in some special circumstances,
such as during transportation, operating conditions, and
in situations whereby the safety of the rescuers is at risk.
Therefore the use of mechanical chest compression is still
high.

To our knowledge, there is currently no meta-analysis
comparing the survival and prognosis between the Thumper
and manual chest compressions.

A total of 16 RCTs were included in this meta-
analysis. The results showed that there were differences
between manual compression and mechanical compression
in terms of the three observed indicators (the ROSC rate, the
rate of survival to hospital discharge, and Incidence of rib
fractures). There were several methodological differences
between studies that could have influenced the findings of
our meta-analysis, such as the number of times, duration,
and locations of the CPR. Furthermore, mechanical chest
compression devices and CPR practices are constantly im-
proving, potentially explaining the worse outcomes noted
in earlier studies such as the one by Taylor et al. [38].

The results of this meta-analysis differ from the find-
ings of other published meta-analyses. Liu et al. [1] eval-
uated the data of six studies with a total of 8501 partici-
pants, and found that the use of LUCAS chest compression
devices did not improve ROSC (OR = 1; 95% CI: [0.89,
1.13]) and hospital survival (OR = 0.86; 95% CI: [0.65,
1.15]). Bonnes et al. [17] conducted a large-sample re-
view (n = 9157) of data from observational studies. They
concluded that the use of mechanical devices could signifi-
cantly improve short-term outcomes such as ROSC and dis-
charge survival. Still, no significant benefit was observed
in the long-term prognosis after discharge.

Three reasons could explain the different findings
of our meta-analysis. In previous meta-analyses, chest
compression devices with a three-dimensional compression
mode were used as opposed to the single-point compression
mode used by the Thumper device. The Cochrane qual-
ity assessment classified the studies as very low in qual-
ity or uncertain. Meta-analyses based on low-quality stud-
ies may overestimate or underestimate the effectiveness of
treatment [39]. Therefore the current evidence is not suf-
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Fig. 7. The ROSC Subgroup analysis forest plot of Thumper device group versus manual CPR group. CPR, cardiopulmonary

resuscitation; CI, confidence interval; ROSC, return of spontaneous circulation.
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Fig. 8. The survival rate Subgroup analysis forest plot of Thumper device group versus manual CPR group. CPR, cardiopulmonary

resuscitation; CI, confidence interval.
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Fig. 9. The rib fracture rate Subgroup analysis forest plot of Thumper device group versus manual CPR group. CPR, cardiopul-

monary resuscitation; CI, confidence interval.

ficient to support the effect of the Thumper device of re-
suscitation, particularly for the assessment of survival and
incidence of rib fractures. Finally, differences in the oper-
ating environment could lead to differences in resuscitation
outcomes. Spiro ef al. [40] and Parnia et al. [41] have
shown that mechanical devices are more effective in re-
suscitation and maintaining patients’ survival than manual
chest compressions for CA patients in the hospital environ-
ment. This may be related to the ability to provide greater

team support in-hospital than out-of-hospital after cardiac
arrest. Moreover, mechanical chest compression devices
can be deployed earlier in the hospital environment, poten-
tially improving outcomes. However, the meta-analysis of
Bonnes et al. [17] has shown that the earlier the mechan-
ical device is deployed during a CA in the out-of-hospital
environment, the more effective the CPR is. It is impor-
tant to note that chest compression pauses related to the
deployment of a mechanical chest compression device are
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rarely reported. Studies have shown that the rescuer’s skills
can have an influence on the deployment speed and perfor-
mance of mechanical chest compression, which could also
have an impact on outcomes [11,42]. In addition, in the hos-
pital environment, manual chest compression is usually dif-
ficult to implement because patients are usually positioned
on a compressible mattress, which can absorb up to 40%
of the compression force, resulting in a lower compression
depth than the standard required by the AHA guidelines
[43].

The most important strength of this system review
and meta analysis is the first analysis of the survival of
Thumper mechanical chest compression. This is of clini-
cal relevance with regard to increasing treatment options in
hospital, where automated mechanical CPR devices might
provide a “bridge” to definitive treatment for designated pa-
tient groups under certain conditions and in specific envi-
ronments. We hope that this systematic review and meta-
analysis may contribute to implicate future clinical and sci-
entific issues towards an individualised decision making.

This meta-analysis has some limitations that have to
be acknowledged. The overall Cochrane quality evalua-
tion showed that the quality of the RCTs evaluated in the
study was often low. Not all RCTs evaluated in this study
explained the technique used to randomize the participants
into the mechanical and manual compression groups and the
blinding method used to evaluate clinical outcomes. De-
tails on the patients lost to follow-up were not always pro-
vided. The limited number of studies included in this meta-
analysis and the small sample size of the included stud-
ies may limit the generalizability of the research findings.
Therefore further high-quality RCTs are recommended to
confirm the effect of the Thumper device. In addition, this
study only evaluated the outcomes of the Thumper chest
compression in relation to manual chest compression in CA
patients, highlighting the need for further research to eval-
uate the outcomes of other mechanical chest compression
devices. It is also important to note that long-term survival
is affected by many factors, such as the severity of CA, pa-
tient co-morbidities, and follow-up treatment. Therefore
these findings may not reflect the long-term survival out-
comes, highlighting the need for further longitudinal stud-
ies. Finally, this meta-analysis did not evaluate the clinical
impact of other co-founding variables such as etiology and
location of the CA procedure (e.g., within a hospital or out-
side the hospital), and hence more research is required to
assess the impact of these variables on clinical outcomes to
better guide rescuers on the use of mechanical chest com-
pression in CA patients.
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5. Conclusions

In this review, our meta-analysis found an association
between improved hospital survival and treatment with a
Thumper compression device for in-hospital cardiac arrest.
We also found evidence of improved short-term survival
and improved physiological outcomes when a mechanical
device was used. Nevertheless, it is important to note that
the Thumper device may not always be available to the res-
cuers. This review suggests a potential role for mechanical
chest compression devices for in-hospital cardiac arrest, but
there is an urgent need for high-quality research, particu-
larly adequately powered randomised trials, to further ex-
amine this role.
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