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ssion with LUCAS device
does not improve clinical outcome in out-of-
hospital cardiac arrest patients
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Abstract
Background: Cardiac arrest (CA) is a serious threat to human health. Cardiopulmonary resuscitation (CPR) is an effective
treatment for CA. Early and high-quality CPR is closely related to the survival rate of patients with CA. But manual chest compression
has a lot of defects. To solve the defects and improve the quality of CPR, mechanical CPR device was invented. However, it has still
controversy whether manual chest compression or mechanical chest compression is better. This systematic review was aimed to
investigate the difference in clinical outcomes between manual chest compression and Lund University Cardiac Assist System
(LUCAS) assisted CPR in patients with out-hospital CA.

Methods:Original research studies, conducted on adult out-of-hospital CA, were included. PubMed/Medline, EMBASE, Scopus,
Cochrane Library, CNKI, and Wanfang database were searched from the setting to February 21, 2019. Odds ratio (OR) with 95%
confidence interval (CI) was selected as effect scale index for evaluation of the difference in return of spontaneous circulation (ROSC),
survival to hospital admission, survival to hospital discharge, and survival to 30 days. Random effects model was used in this study to
estimate overall mean effects.

Results: A total of 6 articles, including 4 randomized controlled trials and 2 nonrandomized controlled trials, were selected.
And 8501 subjects were involved to analyze the clinical outcomes of LUCAS and manual chest compression for patients with out-
hospital CA.Comparisons of ROSC (33.3% vs 33.0%,P= .98; OR=1; 95%CI: [0.89,1.13]), survival to hospital admission (22.7%vs
24.3%, P= .32; OR=0.86; 95% CI: [0.65,1.15]), survival to hospital discharge (8.6% vs 10.7%, P= .50; OR=0.92; 95% CI:
[0.73,1.17]), and survival to 30 days (7.5% vs 8.5%, P= .50; OR=0.92; 95% CI: [0.73,1.17]) were made. No significant difference
was found.

Conclusion: The synthesis of available evidence does not support that mechanical chest compression with LUCAS device
improves clinical outcome in out-of-hospital CA patients compared with manual chest compression. Large scale studies with
improved designs are still needed in the future.

Abbreviations: CA = cardiac arrest, CI = confidence interval, CPR = cardiopulmonary resuscitation, OR = odds ratio, RCT =
randomized controlled trial, ROSC = return of spontaneous circulation.
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1. Introduction

Cardiac arrest (CA) is the sudden suspension of cardiac ejection
function. Previous retrospective studies have shown that in-
hospital mortality of CA patients is 67% in adult and 5% in
children.[1] In the United States and Europe, about 300,000 and
450,000 people, respectively, suffer CA each year.[2,3] Therefore,
CA is a serious threat to human health. Cardiopulmonary
resuscitation (CPR) is an effective treatment by using manual
respiration to deliver air into the lung cavity, and simulating the
heart pumping function through extra chest compression to
supply oxygen to organs. Early and high-quality CPR is closely
related to the survival rate of patients with CA.[4,5] If CPR is done
immediately after CA, the survival rate of patients is 63.6%. If the
CPR is done in 5minutes, the survival rate is 37.5%. However, if
the time of CPR is more than 10minutes, the survival rate is only
4.5%.[6] The American Heart Association released a new CPR
guideline which emphasizes high-quality CPR as the key to
improve prognosis of CA patients.[7,8] However, manual chest
compression is limited by many factors such as the environment,
the mental and physical strength of the rescuer. Some studies have
shown that the quality of chest compression is difficult to
guarantee during the movement of ambulances or stretchers.[9,10]

And it will be affected by fatigue of the rescuer.[11]

To solve the problems above and improve the quality of CPR,
mechanical CPR device has been invented. According to the
different pressing methods and ages, it can be divided into 3 types:
point compression, load distribution (vest type) compression, and
full chest (3D type) compression.[12] In recent years, researchershave
developed a variety of CPR devices, such as Thumper, AutoPulse,
and the LUCAS chest compressors. These mechanical can provide
patients with high-quality CPR through stable and long-lasting
chest compression. In particular, the quality of chest compression
during transportation has an outstanding advantages.[13]

LUCAS is a portable chest compression device designed to
eliminate the problems of manual chest compression. Compared
with manual chest compression, it has the following advantages:
First, LUCAS saves manpower. LUCAS provides basic CPR,
enabling rescuers to concentrate on advanced life support,
improving efficiency, and speed of rescue, and thus improving
patient survival rate. Second, LUCAS guarantees effectiveness.
LUCAS keep the stabilization by setting parameters, such as
frequency, depth, and rhythm, avoiding the deviation caused by
manual chest compression. Therefore, it can guarantee the quality
of CPR. Third, LUCAS removes fatigue factors and ensures the
effectiveness of CPR. As mentioned above, manual chest
compression for a long time can lead to the rescuers fatigue. It
is difficult to guarantee the quality of CPR. The replacement of the
operator in the middle will lead to the interruption of chest
compression. However, LUCAS can avoid these problems and
guarantee continuous life support.[14] Nevertheless, some studies
suggest that LUCAS is better than manual chest compression,[15–
17] but some studies do not support this opinion.[18–21] The results
of previous studies are inconsistent. Therefore, this study aims to
comprehensively evaluatewhether LUCAS can bring better clinical
outcome than manual chest compression through meta-analysis.
2. Materials and methods

2.1. Search strategy

First, the main databases, including PubMed/Medline, EMBASE,
Scopus, Cochrane Library, CNKI, and Wanfang database, were
2

searched by computer. And then the references of related papers
were searched twice to reduce the omission. The following search
terms were used: mechanical, manual, chest compression, CA,
cardiopulmonary resuscitation, and LUCAS. The publication
time of the paper was set from the establishment of the database
to February 21, 2019. The language is limited to English and
Chinese.
2.2. Inclusion criteria

The original study types in this study included randomized
controlled studies, cohort studies, or case-control studies.
Subjects must include the LUCAS group and the manual chest
compression group. The original paper must compare the CPR
effects of the 2 groups of CA patients. If subgroup data is needed,
the group with more cases is selected.
2.3. Exclusion criteria

In the following case, the articles will be excluded: animal studies,
case reports, conference abstracts, reviews, drug trials, and
languages other than Chinese or English, documents that do not
have full text or incomplete data.
2.4. Review process

Two researchers independently screened and read the paper and
extracted the data. The quality assessment was based on the
Review Manager 5.3 bias score map. When the data extraction
and quality evaluation encounter inconsistencies, the third
researcher is invited to participate in the discussion after the
discussion fails to reach an agreement.
2.5. Statistical analysis

The heterogeneity of each study was evaluated using the
Cochrane Q test and I2 test. When I2≥50%, there was
heterogeneity between studies. To minimize bias, all meta-
analytical steps in this study were selected as random-effects
model. The odds ratio (OR) and its 95% confidence interval (CI)
is selected as the effect scale indicators. Funnel plot will be drawn
to evaluate publication bias. At the same time, risk of bias
assessment will be made according to Cochrane Collaboration’s
tool. A meta-regression will also be done to analyze the potential
causes of bias. Except for the CochraneQ test that the difference
is statistically significant if P< .1. The others were defined as
difference that is statistically significant if P< .05. Statistical
analysis was performed using RevMan 5.3 software provided by
the Cochrane Collaboration.
2.6. Ethical statement

This study was carried out in accordance with the recommen-
dations in the preferred reporting items for systematic reviews
and meta-analyses guidelines. Hence, the ethics committee or
institutional review board permission is not needed.
3. Results

3.1. Basic information of included studies

A total of 364 original study were obtained by searching the
Chinese and English database. Three hundred fifty-three were



Table 1

Main characteristic of included studies.

Author and yr Study design Country Race ROSC
Survival to
admission

Survival to
discharge

Survival to
30 d

Christer Axelsson, 2006 Nonrandomized,
controlled trial

Sweden Caucasian 51/159:51/169 38/159:37/169 8/159:10/169 Not reported

Liu Yang, 2016 RCT China Mongolian 5/33:14/38 NA NA NA
Gavin D Perkins, 2015 RCT UK Caucasian 522/1652:

885/2819
377/1652:
658/2819

Not reported 104/1652:
193/2819

Sten Rubertsson, 2014 RCT Sweden, Netherlands
and UK

Caucasian 460/1300:
446/1289

307/1300:
305/1289

108/1300:
100/1289

105/1300:
94/1289

David Smekal, 2011 RCT Sweden Caucasian 30/75:23/73 18/75:15/73 6/75:7/73 Not reported
Sebastian, Zeiner, 2015 Nonrandomized

controlled trial
Austria Caucasian 82/239:246/655 37/239:201/655 31/239:117/655 31/239:117/655

NA=not applicable, RCT= randomized controlled trial, ROSC= return of spontaneous circulation.
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excluded because of duplicate, irrelevant, and review after
reading the texts and abstracts, there were 11 paper that basically
satisfied the research topic. Further, 5 paper of them were
excluded due to the research object were in-hospital patients with
CA. Finally, 6 papers,[18–23] including 4 randomized controlled
trials and 2 nonrandomized cohort studies, were included.
Baseline data are shown in Table 1. The paper search process is
shown in Figure 1.

3.2. Return of spontaneous circulation

As shown in Figure 2, 6 studies with a total of 8501 subjects,
compared the success rates of return of spontaneous circulation
(ROSC) between the LUCAS group and the Manual group. The
success rate of ROSC in the LUCAS group and theManual group
was similar, and the difference was not statistically significant
(33.3% vs 33.0%, P= .98, OR=1; 95% CI: [0.89, 1.13]).

3.3. Survival to hospital admission

As shown in Figure 3, 8430 cases were enrolled, including 3425
cases in the LUCAS group and 5005 cases in the Manual group.
Figure 1. Screening process of the paper.
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There was no significant difference in survival to hospital
admission between the 2 groups (22.7% vs 24.3%, P= .32; OR=
0.86; 95% CI: [0.65, 1.15]).

3.4. Survival to hospital discharge

As shown in Figure 4, 3959 cases were enrolled in 4 papers,
including 1773 cases in the LUCAS group and 2186 cases in the
Manual group. There was no significant difference in survival to
hospital discharge between the 2 groups (8.6%vs 10.7%, P= .50;
OR=0.92; 95% CI: [0.73, 1.17]).

3.5. Survival to 30 days

As shown in Figure 5, 7954 cases were enrolled in 3 papers,
including 2952 cases in LUCAS group and 4108 cases in Manual
group. There was no significant difference between the 2 groups
(7.5% vs 8.5%, P= .50; OR=0.92; 95%CI: [0.73, 1.17]).

3.6. Quality evaluation and publication bias

In this study, each paper was scored using the Review Manager
5.3 bias analysis tool. Because of the need to rescue patients,
double-blind design was impossible. As shown in Supplemental
Digital Content (Suppl 1, http://links.lww.com/MD/D308), each
study had a low blind score, but had high scores in other
indicators, and the sample size of the study was large, so this
meta-analysis had relatively high quality.Moreover, the results of
univariable meta-regression analysis were shown in Supplemen-
tal Digital Content (Suppl 2, http://links.lww.com/MD/D308).
The differences for sample size (P= .612), research type
(P= .756), publication year (P= .774), and race (P= .536) did
not significantly explain the heterogeneity. Also, the results of the
funnel plot were shown in Figure 6. The included papers are
distributed on both sides of the mid-line and the figure is relatively
symmetrical. It are located at the tip of the funnel, indicating that
this systematic review had high quality and small publication bias.

4. Discussion

4.1. Summary of study findings

This meta-analysis of 4 randomized controlled trials and 2
nonrandomized controlled trials evaluated the success rate and
prognosis between LUCAS and manual CPR. It found that there
was no meaningful difference between the experimental group

http://links.lww.com/MD/D308
http://links.lww.com/MD/D308
http://www.md-journal.com


Figure 2. Forest plot of ROSC between LUCAS group and Manual group. ROSC = return of spontaneous circulation.

Figure 3. Forest plot of survival to hospital admission between LUCAS group and Manual group.
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and control group in ROSC, survival to hospital admission,
survival to hospital discharge and survival to 30 days.
Some studies have shown that there is a direct relationship

between the quality of chest compression and short-term survival.
The American Heart Association guidelines and emergency
cardiovascular care emphasize the high quality of CPR.[24]

However, manual chest compression will be affected by fatigue,
especially after 2 to 3minutes of CPR.[11,25] It is difficult to
maintain high-quality CPR. The replacement personnel will lead
to CPR interruption, which will lead to a decline in CPR quality
and affect prognosis of patients with CA.[26–28] The use of
mechanical chest compression can avoid these problems, thereby
maintaining high-quality CPR, and even international guidelines
published in 2010 that these devices can be seen as part of an
overall strategy to improve the quality of CPR.[24]
Figure 4. Forest plot of survival to hospital discha
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LUCAS is a chest compression device that provides automatic
chest compression and decompression CPR according to the
principle of pneumatic. By improving the point pressing and the
pressing head and adopting the suction disc press head, the chest
can be pulled up while pressing it at the same time. It makes the
thorax to fully rebound, causing a large negative pressure in the
chest to promote blood return. Previous studies have shown that
there is a controversy that whether LUCAS will bring better
benefits to patients with CA. Existing experimental studies about
LUCAS are controversial, but the results of relevant meta-
analysis are generally consistent. Ameta-analysis by Gates et al in
2015 did not show that an advantage to the use of mechanical
chest compression devices for ROSC, survival to discharge from
hospital or 30 days and survival with good neurological
outcome.[29] A study by Li et al in 2016 showed that there
rge between LUCAS group and Manual group.



Figure 5. Forest plot of survival to 30 d between LUCAS group and Manual group.
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was no significant difference in admission survival rate, discharge
survival rate and CPC score between manual compression and
mechanical compression, and that manual compression was
superior to mechanical compression in ROSC.[30] And in this
meta-analysis, we found that LUCAS has no advantage over
manual CPR. The results is consistent with the above research in
ROSC, survival to hospital admission, survival to hospital
discharge, and survival to 30 days. Compared with the above 2
meta-analysis, this study included more studies and included
more subjects; in addition, this study only discussed the results
with LUCAS, without other mechanical CPR, which reduce
the bias from other machines. Therefore, this meta-analysis is
more reliable.
We had the following assumption for this situation: first,

LUCAS lacks the simplicity and timeliness of manual chest
compression. As mentioned above, the delay of chest compres-
sion and interruption of chest compression will lead to a decrease
in CPR quality. When a CA patient is encountered, manual chest
compression can begin immediately, while LUCAS will delay the
time of CPR due to the assembly by professional. Second, the
depth of chest compression with the LUCAS is 4 to 5cm, which is
less than 5cm as defined by the guideline. It will lead to invalid
CPR. Giraud et al performed a study of the effectiveness of
LUCAS in 2015 which showed that it was ineffective with the
Figure 6. Funnel plot o
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LUCAS by transesophageal echocardiography.[31] Therefore,
the application of LUCAS is limited due to these shortcomings.
Some studies even showed that manual CPR is better than
LUCAS.[30,32]
4.2. Strengths

Compared with the previous study, this paper, a meta-analysis of
6 studies, including more subjects, is a large sample survey. In
addition, the studied indicators in this paper include not only the
success rate after CPR, but also the short-term outcome
indicators such as ROSC, survival to hospital admission, survival
to hospital discharge and survival to 30 days of patients. It ensure
this meta-analysis higher credibility. And the subjects in this
meta-analysis come from various country, therefore, the results of
this study have a wide range of applicability. Hence, this study
may help to choose the ways of CPR. Manual CPR is still good
for emergencies; in the case of prolonged compression, LUCAS
may be a better alternation than manual PCR.
4.3. Limitations

There were also some limitations in this meta-analysis. This
article contains a prospective observational study and a
f the included paper.
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descriptive, nonrandomized controlled trial, which may cause
some bias due to the heterogeneity of research; second, all
included studies failed to do blind method due to the need to
rescue patients. Third, the included studies lacked data which
can evaluate quality indicators in the process of CPR (such as
end-tidal carbon dioxide, degree of blood oxygen saturation,
etc), cerebral performance category, and neurological recovery,
and so on. Therefore, these data were not analyzed. But a study
by Rubertsson 2014 in suggested that there was no significant
difference between manual CPR and Mechanical chest com-
pression with LUCAS in 4-hour survival.[33] Finally, all subjects
were adults in this study, and age stratification was not
analyzed, as a result, the results of this study only apply to
adults.
4.4. Future directions

Manual CPR and LUCAS have their own advantage and defect
respectively, but the study found no significant difference in
clinical outcomes of patients. It showed that the LUCAS is a
practical tool, with a similar clinical outcome to manual CPR.
Therefore, more research is needed to confirm this in the future.
Moreover, it was not studied that whether the way combined
manual CPR with LUCAS can improve the clinical outcome of
CA patients. Future research can analysis it and explore the
situation of using LUCAS.
5. Conclusion

In this systematic review, combined with a meta-analysis of
related data, it is found that there is no significant difference
between manual chest compression and LUCAS in improving
clinical outcomes in patients with out-of-hospital CA. More
large-scale studies are needed in the future.
Author contributions

Conceptualization: Mao Liu.
Investigation: Zhuang Shuai, Kai Tang, Jiankang Zheng.
Methodology: Mao Liu, Zhuang Shuai, Jiao Ai, Hui Liu.
Project administration: Mao Liu, Zhan Lv.
Resources: Zhuang Shuai, Kai Tang, Jiankang Zheng.
Software: Mao Liu, Zhuang Shuai, Jiao Ai, Hui Liu, Junqi Gou.
Supervision: Mao Liu, Hui Liu, Zhan Lv.
Validation: Mao Liu, Zhan Lv.
Writing – original draft: Mao Liu, Zhuang Shuai.

References

[1] Nadkarni VM, Larkin GL, Peberdy MA, et al. First documented rhythm
and clinical outcome from in-hospital cardiac arrest among children and
adults. JAMA 2006;295:50–7.

[2] Berdowski J, Berg RA, Tijssen JGP, et al. Global incidences of out-of-
hospital cardiac arrest and survival rates: systematic review of 67
prospective studies. Resuscitation 2010;81:1479–87.

[3] Gräsner JT, Herlitz J, Koster RW, et al. Quality management in
resuscitation: towards a European Cardiac Arrest Registry (EuReCa).
Resuscitation 2011;82:989–94.

[4] Sarah K, Wallace AB, Benjamin S, et al. Quantifying the effect of
cardiopulmonary resuscitation quality on cardiac arrest outcome: a
systematic review and meta-analysis. Circ Cardiovasc Qual Outcomes
2013;6:148–56.

[5] Abella BS. High-quality cardiopulmonary resuscitation: current and
future directions. Curr Opin Crit Care 2016;22:218–24.
6

[6] Zeng Q, Li S, Tan S, et al. Prognostic factors and countermeasures
of cardiopulmonary resuscitation (Chinese). Chin Trop Med
2006;6:659–60.

[7] Field JM, HazinskiMF, SayreMR, et al. Part 1: executive summary 2010
American Heart Association guidelines for cardiopulmonary resuscita-
tion and emergency cardiovascular care. Circulation 2010;122(Suppl 3):
S640–56.

[8] Sasson C, Rogers MM, Dahl J, et al. Predictors of survival from out-of-
hospital cardiac arrest a systematic review and meta-analysis. Circ
Cardiovasc Qual Outcomes 2010;3:63–81.

[9] Havel C, Schreiber W, Riedmuller E, et al. Quality of closed chest
compression in ambulance vehicles, flying helicopters and at the scene.
Resuscitation 2007;73:264–70.

[10] Sunde K, Wik L, Steen PA. Quality of mechanical, manual standard and
active compression-decompression CPR on the arrest site and during
transport in a manikin model. Resuscitation 1997;34:235–42.

[11] McDonald CH, Heggie J, Jones CM, et al. Rescuer fatigue under the
2010 ERC guidelines, and its effect on cardiopulmonary resuscitation
(CPR) performance. Emerg Med J 2013;30:623–30.

[12] Yang X. Research progress of automatic CPR apparatus (Chinese).
Chongqing Med 2012;41:2992–4.

[13] Magliocca A, Olivari D, De Giorgio D, et al. LUCAS versus manual
chest compression during ambulance transport: a hemodynamic study
in a porcine model of cardiac arrest. J Am Heart Assoc 2019;8:
e011189.

[14] Yang X, Wei HH, et al. Application of extra thoracic pressure gauge in
modern cardiopulmonary resuscitation (Chinese). Chin J Emerg Recov
Disaster Med 2010;5:762–4.

[15] Tranberg T, Lassen JF, Kaltoft AK, et al. Quality of cardiopulmonary
resuscitation in out-of-hospital cardiac arrest before and after
introduction of a mechanical chest compression device, LUCAS-2; a
prospective, observational study. Scand J Trauma Resusc Emerg Med
2015;23:37.

[16] Steen S, Sjoberg T, Olsson P, et al. Treatment of out-of-hospital
cardiac arrest with LUCAS, a new device for automatic mechanical
compression and active decompression resuscitation. Resuscitation
2005;67:25–8.

[17] Gyory RA, Buchle SE, Rodgers D, et al. The efficacy of LUCAS in pre-
hospital cardiac arrest scenarios: a crossover mannequin study. West
2017;18:437–45.

[18] Liu Y. Two kinds of external chest compression mode for out-of-hospital
cardiac arrest patients pressure quality effect analysis (Chinese). Chin J
Emerg Disaster Med 2016;10:657–9.

[19] Zeiner S, Sulzgruber P, Datler P, et al. Chest compression does not seem
to improve outcome after out-of hospital cardiac arrest: a single center
observational trial. Resuscitation 2015;96:220–5.

[20] Rubertsson S, Lindgren E, Smekal D, et al.Mechanical chest compression
and simultaneous defibrillation vs conventional cardiopulmonary
resuscitation in out-of-hospital cardiac arrest. Am Med Assoc
2014;311:53–61.

[21] Perkins GD, Lall R, Quinn T, et al. Mechanical versus manual chest
compression for out-of-hospital cardiac arrest (PARAMEDIC):
a pragmatic, cluster randomized controlled trial. Lancet 2015;385:
947–55.

[22] Smekal D, Johansson J, Huzevka T, et al. A pilot study of mechanical
chest compression with the LUCASTM device in cardiopulmonary
resuscitation. Resuscitation 2011;82:702–6.

[23] Axelsson C, Nestin J, Svensson L, et al. Clinical consequences of the
introduction of mechanical chest compression in the EMS system for
treatment of out-of-hospital cardiac arrest-a pilot study. Resuscitation
2006;71:47–55.

[24] Berg MD, Schexnayder SM, Chameides L, et al. Part 5: adult basic life
support: 2010 American Heart Association guidelines for cardiopulmo-
nary resuscitation and emergency cardiovascular care. Circulation
2010;122(Suppl 3):S685–705.

[25] Hightower D, Thomas SH, Stone CK, et al. Decay in quality of closed-
chest compression over time. Ann Emerge Med 1995;26:300–3.

[26] Kern KB, Hilwig RW, Berg RA, et al. Importance of continuous chest
compression during cardiopulmonary resuscitation: improved outcome
during a simulated single lay-rescuer scenario. Circulation 2002;105:
645–54.

[27] Soar J, Nolan JP, Böttiger BW, et al. European resuscitation council
guidelines for resuscitation 2015: section 3. Adult advanced life support.
Resuscitation 2015;95:100–47.



Liu et al. Medicine (2019) 98:44 www.md-journal.com
[28] Gates S, Quinn T, Deakin CD, et al. Mechanical chest compression for
out of hospital cardiac arrest: systematic review and meta-analysis.
Resuscitation 2015;94:91–7.

[29] Cunningham LM, Mattu A, O’Connor RE, et al. Cardiopulmonary
resuscitation for cardiac arrest: the importance of uninterrupted chest
compressions in cardiac arrest resuscitation. Am J Emerg Med
2012;30:1630–8.

[30] Li H,WangD, YuY, et al.Mechanical versus manual chest compressions
for cardiac arrest: a systematic review andmeta-analysis. Scand J Trauma
Resusc Emerg Med 2016;24:10.
7

[31] Giraud R, Siegenthaler N, Schussler O, et al. The LUCAS 2 chest
compression device is not always efficient: an echographic confirmation.
Ann Emerg Med 2015;65:23–6.

[32] Newberry R, Redman T, Ross E, et al. No benefit in neurologic outcomes
of survivors of out-of-hospital cardiac arrest with mechanical compres-
sion device. Prehosp Emerg Care 2018;22:338–44.

[33] Rubertsson S, Lindgren E, Smekal D, et al. Mechanical chest
compressions and simultaneous defibrillation vs conventional cardio-
pulmonary resuscitation in out-of-hospital cardiac arrest: the LINC
randomized trial. JAMA 2014;311:53–61.

http://www.md-journal.com

	Mechanical chest compression with LUCAS device does not improve clinical outcome in out-of-hospital cardiac arrest patients
	1 Introduction
	2 Materials and methods
	2.1 Search strategy
	2.2 Inclusion criteria
	2.3 Exclusion criteria
	2.4 Review process
	2.5 Statistical analysis
	2.6 Ethical statement

	3 Results
	3.1 Basic information of included studies
	3.2 Return of spontaneous circulation
	3.3 Survival to hospital admission
	3.4 Survival to hospital discharge
	3.5 Survival to 30 days
	3.6 Quality evaluation and publication bias

	4 Discussion
	4.1 Summary of study findings
	4.2 Strengths
	4.3 Limitations
	4.4 Future directions

	5 Conclusion
	Author contributions
	References


