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INTRODUCTION

ABSTRACT

OBJECTIVE There is still a lack of evidence regarding the efficacy of using
a single point piston without suction cup mechanical cardiopulmonary
resuscitation (CPR) device in the resuscitation of out of hospital cardiac
arrest (OHCA) cases in a moving ambulance setting. The aim of this study
is to evaluate and compare short term survival rate return of spontaneous
circulation (ROSC) of emergency medical service (EMS) delivered to OHCA
patients receiving single point piston without a suction cup mechanical
CPR device and manual CPR.

METHODS This case control study was conducted using data on OHCA
patients between 1 January 2017 and 31 March 2020 using part of the Pan-
Asian Resuscitation Outcomes Study (PAROS) data. Cases were classified
as ROSC or no ROSC. Logistic regression analysis was used for the multi-
variable analysis of the primary objective.

RESULTS A total of 206 cases were included in this study, 68 ROSC cases
and 138 no ROSC cases. The multivariable analysis found no significant
difference in the ROSC rate of EMS delivered OHCA patients who received
only manual CPR and patients who received the mechanical CPR either in
the EMS (OR: 0.49, 95% confidence interval [CI]: 0.13-1.78) or the emer-
gency department (ED) (AOR: 16.05, 95% confidence interval [CI]: 0.18-
1435.78).

CONCLUSIONS The use of the single point piston without suction cup
CPR device in OHCA cases was not found to be inferior in terms of ROSC
rate compared with manual CPR. Also, potential benefits in a prehospital
setting could be provided by the device use, e.g., fewer staff required in
the EMS. Use of the device should be considered in appropriate situations.

KEYWORDS cardiopulmonary resuscitation; heart arrest; mechanical
chest compressions

has shown that there are potential problems

High-quality cardiopulmonary resuscitation
(CPR), according to current international guide-
lines, is emphasized as being an important factor
associated with desirable outcomes in patients with
cardiac arrest and classified by certain criteria
(1). Despite being highlighted, a body of evidence

that may prevent the provision of high-quality
CPR through the conventional method (manual
compression) (2, 3). To overcome the limitations
of conventional manual CPR, mechanical chest
compression devices were introduced as an alter-
native. Although several studies have found that
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mechanical CPR might be able to provide more
high-quality chest compression than manual
CPR, (4, 5) current evidence still does not support
the existence of any difference in out-of-hospital
cardiac arrest (OHCA) patient survival between
the two protocols (6, 7). CPR with mechanical chest
compression currently provides no clear advan-
tage over CPR with conventional manual chest
compression in general situations, and current
international guidelines still suggest the use of
manual chest compression in most situations
when CPR is indicated (1).

A few circumstances may cause performance
of CPR to be more challenging. These include
operating in a moving ground ambulance where
performing CPR poses a great risk to the rescuers
(8). The mechanical chest compression device,
which has been proven to be capable of delivering
high-quality CPR, is recommended by interna-
tional guidelines as a reasonable alternative to
the manual CPR (1).

There is a gap of knowledge, as suggested by
the Cochrane review, regarding mechanical CPR
efficacy in some special circumstances where
sustained high-quality CPRis needed and in situa-
tions where manual CPR is considered to be diffi-
cult to provide or not safe for the rescuers such
performing CPR in a moving emergency medical
system (EMS) vehicle (7). Most current studies
have evaluated only the Autopulse (Zoll Medical,
Chelmsford, MA, USA) load distributing band
device and the LUCAS (Physio Control Inc./Jolife
AV, Lund, Sweden) piston device with suction cup,
and other similar kinds of devices including single
point piston devices without suction cup, e.g.,
Lifeline ARM (Defibtech, Guilford, CT, USA);
however, additional information regarding their
efficiency in providing favorable outcomes and
improving survival is needed. The aim of this
study is to compare the short-term survival rate
(ROSC) of EMS delivered to OHCA patients who
received single point piston mechanical CPR device
and those who received manual CPR.

METHODS
Setting and study design

This case-control study used the Maharaj Nakorn
Chiang Mai Hospital's emergency department (ED)
database which is part of the Pan-Asian Resusci-
tation Outcomes Study (PAROS) (9). The present
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study followed the Utstein-style template and
adhered to all relevant guidelines outlined in the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement.
Data about EMS and ED care of OHCA patients
who arrived during the study period (January
1, 2017 through March 31, 2020) was collected.
During the study period, the use of the Lifeline
ARM (Defibtech, Guilford, CT, USA), a single point
piston mechanical CPR device without suction
cup, was documented. EMS providers had been
trained to use the device by a product specialist.
The decision to use the device was based entirely
on the judgement of the physician in charge of
each case. Recorded cases were categorized into
ROSC (case) and no ROSC (control) groups. Inclu-
sion criteria were non-traumatic cardiac arrest
cases age at least 18 years who were brought to
the hospital's ED by EMS. Cases were excluded
if the patient’s age was unknown, if data about
ROSC use was not recorded, and if the patient did
not receive any CPR.

The study protocol was approved by the
Research Ethics Committee, Faculty of Medicine,
Chiang Mai University (Permit No. EXEMPTION-
8008,/64/0) and the Thai Clinical Trials Regis-
try Committee, Medical Research Foundation of
Thailand (Permit No. TCTR20210401002).

Variables

Short-term outcome data, including use of
ROSC at the scene, in the EMS and at the ED
was collected and used for assigning patients to
either the case or the control group. Potential
confounders, e.g., data on prognostic factors that
may have influenced the resuscitation outcome,
including age of the patient, medical history,
response time, duration of OHCA events, witnesses
to the OHCA events, use of AED by bystanders,
the use of CPR by bystanders, location where the
arrest occurred, initial arrest rhythm, if defibril-
lation was applied, if endotracheal intubation was
done, and duration of CPR was collected. For the
exposure to a mechanical CPR device, data on the
use of a mechanical CPR device both in the EMS
and the ED was also obtained.

Definitions

In this study, ROSC, in concordance with the
Utstein-style criteria, is defined as a persistent
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palpable pulse for at least 20 seconds (10). The
duration of CPR is presumed to be the interval
between CPR initiation and the first ROSC, or the
decision to cease the resuscitation attempt. For
cases where the time of CPR initiation was un-
known or where the initial CPR resuscitation was
done by a bystander, the time was assumed to be
either the time the collapse was witnessed or the
time of the emergency call. For cases that did not
receive bystander CPR, the time of EMS arrival at
scene was considered to be the time of CPR initia-
tion.

Sample size

The sample size was calculated using the Stata
version 16 (Stata Corp LLC, College Station, TX,
USA) asymptotic z test (sample size estimation
with odds ratio) based on data from a comparable
study (11). As a case control study, patients were
sorted into 2 groups, ROSC achieved (case) and
no ROSC achieved (control). Parameters for the
study size calculation were set as follows: power
at 80%, alpha error at 0.05 (two-sided), ratio
between case and control 1:1, probability of ex-
posure among control patients 0.44, odds ratio
of exposure in cases relative to controls 2.66. The
number of cases calculated using that formula
was 69 per group. A 20% dropout rate was added
to the calculated total N of 138, resulting in the
planned total sample size of 173.

Statistical analysis

Descriptive statistics were used for the out-
come report. Frequencies and percentages were
used to describe categorical data, while mean
and standard deviation (SD.) or median and inter-
quartile range (IQR) were used to describe conti-
nuous data. The independent Student’s t-test,
the two-sample Wilcoxon rank-sum test and the
chi-square test were used as appropriate for the
comparison of each of the baseline characteristics
between the case and control groups. As this is a
retrospective study, it was not feasible to allocate
or randomize the exposure equally between the
study groups. Also, each decision regarding use
of the mechanical CPR was based entirely on the
on-site judgement of the attending resuscitation
team. The issues mentioned above could have
resulted in the occurrence of selection bias. For
that reason, statistical methods to lessen the effect
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of such possible bias, e.g., logistic regression
analysis were used. Univariable and multivariable
analysis was done using logistic regression analy-
Sis.

RESULTS
Baseline characteristics of studied cases

Based on the data collected as part of the
PAROS between January 1, 2017 and March 31,
2020 in which 329 cases were recorded, 109 of
those cases were excluded as the exclusion criteria
were met. After exclusion there were 74 ROSC
cases and 146 no ROSC cases. Of those, a further
14 cases (6 ROSC cases and 8 no ROSC cases)
were excluded due to insufficient data regarding
the use of a mechanical CPR device. Finally, 206
patients were included in the analysis, consisting
of 68 ROSC cases and 138 no ROSC cases (Figure
1). The mean age of the ROSC group was 49.2+24.7
years while in the no ROSC group the mean age
was comparatively older at 56.3+20.4 years (p =
0.033). A greater proportion of the ROSC patients
were covered by the Thai Government Universal
Health Care Coverage scheme than those who
did not have ROSC (66.2% vs. 42.8%; p = 0.002).
There were more cases witnessed by bystanders
and more cases with bystander CPR in the ROSC
group than in the no ROSC group (73.5% vs. 45.6%,
p = 0.001 and 45.6% vs. 20.3%, p < 0.001), respec-
tively). The total number of instances of using
mechanical CPR was 27 out of 206 (13.1%). A
higher incidence of mechanical CPR deployment
was found in the no ROSC group compared to the
ROSC group in all three health care settings: un-
specified (17.4% vs. 4.4%; p = 0.031), in the EMS
(8.7% vs. 4.4%; p = 0.275), and at the ED (14.5% vs.
2.9%; p = 0.023). In addition, a higher incidence
of shockable initial arrest rhythm was found in
the ROSC patients than in the no ROSC patients
(17.7% vs. 12.3%; p = 0.005). More patients who
did not have ROSC received defibrillation than
no ROSC patients (50.7% vs. 35.3%; p = 0.038).
The median CPR duration was lower in the ROSC
group compared to the no ROSC group (22 (IQR:
9, 40) vs. 30 (IQR=21,45) minutes; p 0.024). Addi-
tional details are shown in Table 1.

Univariable and multivariable analysis
Results of the univariable and multivariable
logistic regression analysis of factors potentially
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Table 1. Comparison of baseline characteristics of ROSC and no ROSC cardiac arrest patients both
in and outside the hospital

Variable ROSC No ROSC p-value
n=68 (%) n=138 (%)

Age (year)
Mean+SD 49.2+24.7 56.3+20.4 0.033

Gender
Female 20 (29.4) 44 (31.9) 0.718
Male 48 (70.6) 94 (68.1)

Race
Thai 59 (86.8) 119 (86.2) 0.916
Other 9(13.2) 19 (13.8)

Past medical history
Cardiac disease 5(7.4) 17 (12.3) 0.711
Cancer 2(2.9) 6 (4.3) 0.547
Hypertension 22 (32.4) 28 (20.3) 0.080
Diabetes 12 (17.6) 20 (14.5) 0.327
Dyslipidemia 7(10.3) 8(5.8) 0.305
Renal disease 8 (11.8) 12 (8.7) 0.348
Respiratory disease 3 (4.4) 13 (9.4) 0.718
Stroke 4 (5.9) 8(5.8) 0.477
HIV infection 0(0.0) 3(2.2) 0.587
Other 18 (26.5) 23 (16.7) 0.130
None 2(2.9) 4(2.9) 0.986
Unknown 34 (50.0) 62 (44.9) 0.531

Arrest witnessed
Yes 50 (73.5) 67 (45.6) 0.001
No 18 (26.5) 71 (51.5)

CPR by bystander
Yes 31(45.6) 28 (20.3) <0.001
No 37(54.4) 110 (79.7)

AED applied by bystander
Yes 4(5.9) 8(5.8) 0.513
No 63 (92.6) 131 (94.9)

Arrest location
Home 23 (33.8) 79 (57.3) 0.002
Public place 45 (66.2) 59 (42.8)

Response time (minutes)
Median (IQR) 4(2,7) 5(2,9) 0.140

CPR duration (minutes)
Median (IQR) 22 (9,40) 30 (21,45) 0.024

Arrest time
Day 34 (50.8) 67 (49.3) 0.843
Night 33 (49.2) 69 (50.7)

ETI
Yes 66 (97.1) 136 (98.6) 0.475
No 2(2.9) 2(1.4)

First arrest rhythm
Unshockable rhythm 23 (33.8) 77 (55.8) 0.005
Shockable rhythm 12 (17.7) 17 (12.3)

Defibrillation done
Yes 24 (35.3) 70 (50.7) 0.038
No 44 (64.7) 68 (49.3)
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Table 1. Comparison of baseline characteristics of ROSC and no ROSC cardiac arrest patients
both in and outside the hospital (continued)

Variable ROSC No ROSC p-value
n=68 (%) n=138 (%)

Mechanical CPR done prehospitally /
at the ED
Yes 3(44) 24 (17.4) 0.031
No 65 (95.6) 114 (82.6)

Mechanical CPR done in the EMS vehicle
Yes 3(44) 12 (8.7) 0.275
No 65 (95.6) 126 (91.3)

Mechanical CPR done at the ED
Yes 2(2.9) 20 (14.5) 0.023
No 66 (97.1) 118 (85.5)

Data are presented as mean * standard deviation (SD), median (IQR) or number (%).

CPR, Cardiopulmonary resuscitation; ETI, endotracheal intubation; AED, automated external
defibrillator; CPR duration, defined as the time from initiation of CPR by emergency medical
technicians to either return of spontaneous circulation or death; Night, 7.00 p.m. to 6.59 a.m,;
Day, 7.00 a.m. to 6.59 p.m.; ED, emergency department; EMS, emergency medical service

Table 2. Univariable and multivariable analysis of factors potentially related to ROSC in cardiac
arrest patients both in and outside of the hospital

Univariable Multivariable
Valiable
OR (95%CI) p-value AOR (95%CI) p-value
Age 0.98(0.97-0.99) 0.031 0.95 (0.90-0.99) 0.027
Male sex 1.12 (0.60-2.12) 0.718 - -

Past history (cardiac disease)
Arrest witnessed

1.05 (0.78-1.44) 0.711 - -
2.94(156-5.55)  0.001 0.88 (0.14-5.72)  0.895

Bystander CPR applied 3.29 (1.75-6.20) <0.001 11.01 (1.09-110.70) 0.045
Bystander AED applied 1.49 (0.45-4.86) 0.513 - -

Location of OHCAs (public) 2.62 (1.43-4.80) 0.002 5.95 (0.95-37.13) 0.056
CPR duration 0.96 (0.93-0.99) 0.027 0.95 (0.88-0.99) 0.047
Any defibrillation done 0.53 (0.29-0.96) 0.038 0.51(0.06-4.12) 0.526
Shockable first arrest rhythm 1.58 (1.15-2.18) 0.005 3.49 (0.88-13.82) 0.076
Mechanical CPR (EMS) 0.49 (0.13-1.78) 0.275 - -

Mechanical CPR (ED) 0.18 (0.04-0.79) 0.023  16.05(0.18-1435.78)  0.226

CI,confidenceinterval; CPR, cardiopulmonaryresuscitation; AED, automated external defibrillator;
OHCAs,outofhospital cardiacarrest; EMS, emergencymedicalservice; ED,emergency department;
OR, crude odds ratio; AOR, adjusted odds ratio (adjusted for age, sex, past history (cardiac disease),
witnessed arrest, bystander CPR, bystander AED applied, location of OHCAs (public), CPR dura-
tion, any defibrillation done, shockable first arrest rhythm, mechanical CPR (EMS) and mechanical
CPR (ED).

related to successful ROSC in OHCA patients are
shown in Table 2. Of the 12 variables (age, male
sex, past history (cardiac disease), arrest wit-
nessed, bystander CPR, bystander AED applied,
location of OHCAs (public), CPR duration, use of
defibrillation, shockable first arrest rhythm and
mechanical CPR (EMS) and mechanical CPR (ED),
three variables, age (AOR = 0.95, 95% confidence
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interval [CI]: 0.90-0.99), bystander CPR (AOR:
11.01, 95% confidence interval [CI]: 1.75-6.20), and
CPR duration (AOR: 0.95, 95% confidence inter-
val [CI]: 0.88-0.99) were found to be significantly
associated with ROSC in OHCA patients. The
use of mechanical CPR, either at the ED or in the
EMS, was not found to be significantly associated
with ROSC in OHCA patients.
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(n=329)

Recorded cases from the database

Excluded

(n=109)

Eligible cases
(n=220)

|

ROSC cases
(n=74)

Excluded from analysis
(n=86)

1

no ROSC cases
(n =146)

Excluded from analysis
(n=8)

2

Available for analysis
(n=68)

Available for analysis
(n=138)

Figure 1. Flow chart of the study

DISCUSSION

Despite a body of evidence showing that per-
forming CPR in a prehospital setting, e.g., in a
moving ambulance, can be more challenging for
achieving high-quality CPR using manual chest
compression compared to mechanical chest
compression, (5, 8, 12) the present study did not
find any significant difference. Our findings do
not support the hypothesis of an improved ROSC
rate in patients receiving mechanical CPR. This
discordance might be explainable by several fac-
tors, including unrecorded device application
time, unrecorded pauses in chest compression
for device deployment, prolonged duration of
chest compression, varying distance from the
site to the ED, difference in the urgency for each
patient delivery and other surrounding factors,
e.g., the patients’ family, site characteristics and
differences in attending staff decisions. Addition-
ally, there is currently a lack of evidence regarding
the survival outcome of single point piston CPR
devices without suction cup use in the EMS.

In both patients who achieved ROSC and
patients who did not achieve ROSC, having by-
stander CPR done, younger age of the patient and
shorter CPR duration were found to be signifi-
cantly associated with ROSC, a finding consistent
with some previous studies (13, 14).

Although the present study’s results are con-
sistent with the recently updated Cochrane review
comparing mechanical CPR and manual CPR effi-
cacy, (7) the mechanism of this study’s referenced
device was different from those in the review
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(compression only vs. compression-decompres-
sion and load distribution band). That difference
could potentially have affected the comparability
of the two studies’ results.

Some other studies’ findings were contrary to
the results of this study. Anatharaman et al. re-
ported that early use of a mechanical CPR device
(LUCAS-2)is associated with a higher incidence of
achieving ROSC (15). Similarly, a study by Seewald
et al. suggested there is an improved ROSC rate in
OHCA patients receiving mechanical CPR (LUCAS
and Autopulse) (16). The incongruity of these
results and those of the present study may be due
to differences in the mechanical CPR device used,
the number of witnessed cases, the duration of
device application and the number of the mecha-
nical CPR devices used.

Despite the lack of supportive results regarding
the improved survivability of OHCA patients who
received mechanical CPR, it might still have a
role in the resuscitation of OHCA patients. Some
non-clinical studies have reported that more
consistent high-quality CPR was achieved with
mechanical CPR compared to manual CPR in the
setting of a moving ambulance (4, 8). That may
help reduce the number of staff required for the
resuscitation of OHCA patients in an ambulance.
It is may also provide increased safety for EMS
staff who would otherwise sometimes have to do
manual CPR in potentially harmful situations, in-
cluding in a moving ambulance. As this study’s
results suggest, mechanical CPR has no significant
disadvantages compared to conventional manual
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CPR, so it may be an appropriate substitute for
manual CPR in situations where continuity of CPR
is required and where performing manual CPR
either poses a threat to the CPR provider’s safety
or where it may be less likely to yield high quality
CPR according to the current standard guidelines
and in situations where it is preferable to use
fewer staff for resuscitation and transportation
of emergency patients, e.g., during the present
COVID-19 pandemic.

Further investigative comparison of mechanical
and manual CPR in terms of safety and duration
of use of the mechanical chest compression device
is needed. Future studies should address the po-
tential benefits of mechanical CPR in terms of
safety either via the use of questionnaires or oth-
er methods and should include the precise time
during which the mechanical CPR was done. Addi-
tionally, the present study was conducted using
cases in urban and nearby areas of Chiang Mai,
Thailand so the majority of this study’s popula-
tion were Thai. For these reasons, interpretation
of the results of the present study should be done
with caution.

Limitations

This study has some limitations. First, this
was a retrospective single centered study, so the
study could only reach as far as the pre-existing
data provided, and there was a portion of the popu-
lation whose first arrest rhythm was not recorded.
Additionally, data on the time during which the
mechanical chest compression device was applied
either at the scene or in the EMS was not available.
A few additional factors, e.g., the limited number
of available mechanical CPR devices at the study
hospital’s ED, could have led to unequal distribu-
tion of the use of the device among cases and thus
could have resulted in selection bias. The MCPR
devices in this study were not significantly dif-
ferent from models which have been thoroughly
evaluated in many previous studies. There was
also limited data regarding EMS actions which
may have affected the outcomes. Also, the small
number of cases receiving mechanical CPR in this
study could have resulted in an overestimated
adjusted odds ratio in the multivariable analysis
of the association with ROSC. Lastly, in this study,
the number of mechanical CPR devices used was
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rather small which may have affected the power
of the statistical analysis.

CONCLUSIONS

Despite the lack of significant evidence of bene-
fits of mechanical CPR over traditional manual CPR,
this does not argue against the use of the device
in OHCA patients. The mechanical CPR devices
have some potential benefits which may help
facilitate the resuscitation process of OHCA pa-
tients, especially in the prehospital setting. Bene-
fits include a reduced number of staff required
for the EMS, increased EMS staff safety and more
consistent CPR efficacy in a moving EMS. Use of
the single piston mechanical CPR device should be
considered in circumstances where their bene-
fits would be an asset to patients and /or hospital
staff.
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