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ABSTRACT

BACKGROUND: The Lifeline ARM (ARM; Defibtech, Guilford, USA) is a new mechanical chest compression device.
The aim of the current study was to compare the quality of single rescuer cardiopulmonary resuscitation (CPR)
with and without ARM device.

METHODS: In this randomized crossover manikin trial forty-four novice physicians participated. Thirty minutes of
training was allotted for manual CPR and then for the ARM. The following day, every participant performed a 2-min
CPR single rescuer scenario, once with manual CPR and once with the ARM. The primary outcome measure of
the study is effective compression; defined as compressions performed with the correct of depth of 50-60 mm,
complete decompressions, and the correct pressure point of CC.

RESULTS: The ARM, compared with manual CPR, carried out more effective compressions (96 [interquartile range,
IQR; 94-98] vs. 36 [IQR; 33-41]%, p <0.001). The compressions preformed with the use of the ARM, furthermore,
were with a correct CC rate (100 [IQR; 99-101] vs. 130 [IQR; 124-140] min"; p<0.001) and a correct depth
(97 [IQR; 96-98] vs. 37 [IQR; 31-39]%; p <0.001). The result of resuscitation with ARM was significantly better
than manual CPR (p <0.05) for all of the analyzed chest compression parameters (percentage of CC too deep,
percentage of CC too shallow, percentage of correct pressure points and percentage of correct pressure releases),
as well as for the ventilation parameters (tidal volume, ventilation rate, minute-volume, gastric inflations).

CONCLUSION: During this simulated trial, when CPR was performed by novice physicians, the ARM significantly
improved the quality of CPR. Further clinical trials should provide motivation to confirm the potential benefits of
ARM use during CPR.
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INTRODUCTION ing in cardiopulmonary resuscitation (CPR) and de-
Sudden cardiac arrest (SCA) is the leading cause fibrillation [1, 2]. Although survival from cardiac
of death in Europe, with an overall resuscitation arrest requires high-quality CPR [3, 4], some studies
success rate less than 10% despite widespread train- demonstrate that the quality of CPR performance
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during SCA is poor, even when CPR is conducted by
medical staff [5-9]. Moreover, CPR quality becomes
ineffective within minutes due to rescuer fatigue
[10, 11].

The current European Resuscitation Council
(ERC) 2015 guidelines, demonstrate that automated
mechanical chest compression devices are a reason-
able alternative to high-quality manual chest com-
pressions in situations where sustained high-qual-
ity manual chest compressions are impractical or
compromise rescuer safety [12, 13]. In studies by
Xanthos et al., the use of mechanical chest compres-
sion devices minimized resuscitation-related trau-
ma compared with manual chest compressions in
a swine model of cardiac arrest [14]. Several studies,
furthermore, show promising results in regard to
the survival and return of spontaneous circulation
(ROSCQ) with the use of mechanical chest compres-
sion devices [15].

The Lifeline ARM (Defibtech, Guilford, CT, USA)
mechanical chest compression device is an auto-
mated, portable, battery or AC-powered device that
provides mechanical chest compressions on adult
patients in cardiac arrest. The device is designed
either for high quality CPR performed by medical
personnel and laypersons in out-of-hospital or in
in-hospital CPR settings. The current study com-
pared the quality of single rescuer resuscitation CPR
with and without the use of ARM during resuscita-
tion with the hypothesis that the use of the ARM
during CPR would improve the performance of chest
compressions and ventilations performed by novice
physicians.

MATERIAL AND METHODS

Study design and setting

This open, prospective, randomized, crossover man-
ikin study was approved by the Institute Review
Board of the International Institute of Rescue Re-
search and Education (approved: 03.2016.04.11 on
March 25", 2016). The study was conducted be-
tween May and June 2016 in accordance with the
Declaration of Helsinki.

Participants

Based on pilot data, we assumed an alpha risk of
0.05, and a beta risk of 0.2 for the sample size cal-
culation. The percentage of effective compressions
in the pilot data with the use of manual CPR and

ARM varied and amounted to 44.3% vs. 100%,
respectively (standard BLS [basic life support] and
ARM). We calculated that 31 participants would be
required (paired, two-sided). The participants were
randomized with a 1:1 ratio.

With voluntary written informed consent,
44 novice physicians were recruited who satisfied
the following inclusion criteria: (1) they had not
used the mechanical chest compression devices be-
fore the study; and (2) they presented no wrist or
lower back conditions, or pregnancy. The study was
conducted between May and June 2016 in accord-
ance with the Declaration of Helsinki.

Device

The Lifeline ARM (Defibtech, Guilford, CT, USA) Au-
tomated Chest Compression (ACC) system is a me-
chanical solution for providing quality CPR (recom-
mended rate and depth with complete chest wall
recoil between compressions) using a proprietary
software algorithm that compensates for variabil-
ity in patient chest resistances, which can change
during the rescue. The portable device is battery- or
AC-powered, and may be used under a variety of
circumstances, both in and out of the hospital, on
adult victims of sudden cardiac arrest (SCA; Fig. 1).
The device accommodates a wide range of adult
patient size extremes. Deployed by qualified medical
personnel and trained rescuers certified to admin-
ister CPR, such as professional first responders and
healthcare providers, it provides effective CPR with-
out interruptions. The Lifeline ARM delivers chest
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FIGURE 1. The Lifeline ARM chest compression device
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FIGURE 2. The Lifeline ARM user interface

FIGURE 3. The Lifeline ARM device on a patient

compressions using a software controlled compres-
sion piston powered by a direct drive motor housed
in a removable compression module. Modulariza-
tion of the compression piston enables deployment,
product maintenance, and serviceability. The module
also contains the user interface (Fig. 2) and battery
technology. Power options allow for prolonged CPR
efforts which may be beneficial. Patient accessibility
throughout deployment and operation are provid-
ed by a frame with self-centring and self-locking
latching mechanisms and two sets of wide release
levers that are incorporated into each side of the
frame along with patient lift handles (Fig. 3). During
operation, the structural integrity of the single-piece
design of the frame paired with a backboard allow
chest compressions without undue deflection or
distortion, factors which are important regarding
CPR efficacy.

Study protocol
Prior to the study, all participants attended in
a 2-hour lecture concerning the theoretical knowl-

edge of cardiopulmonary resuscitation, which in-
cluded, basic and advanced life support guidelines
in accordance to the European Resuscitation Council
guidelines of 2015 [1]. After the lecture, a demon-
stration with instruction of cardiopulmonary resusci-
tation, with and without the use of the ARM device,
was presented to all participants. All participants
then practiced BLS methods for 30 minutes. Subse-
quently, in order to ensure participants were familiar
with the proper use of the ARM, all participants
used the ARM device.

The next day, using Research Randomizer soft-
ware (randomizer.org) participants were divided into
two groups: the first group started resuscitation
without the ARM, and the second with the ARM.
Each group performed 2-min cardiopulmonary re-
suscitation in a single rescuer condition, on the floor
under direct supervision of the investigator.

During CPR without ARM, the rescuer was posi-
tioned at the side of the manikins’ chest and changed
position for the delivery of rescue breaths. However,
during CPR with ARM, after turning the ARM on
the rescuer was positioned at the side of the mani-
kins’ head the entire time. After finishing the giv-
en group’s resuscitation scenario, participants had
a 20 minute break and then performed CPR employ-
ing the other method. The detailed randomization
of participants is presented in Figure 4.

Outcome measures
The primary outcome of the study is the number of
effective compressions, which is defined as com-
pressions performed with the correct depth of 50—
—60 mm, complete decompression, and the correct
pressure point of CC.

Secondary outcomes comprise the mean depth
and rate of chest compressions, an incorrect pres-
sure point and incomplete decompressions, as well
as, ventilator parameters such as tidal volume, ven-
tilation rate, minute-volume, and number of gastric
inflations. Also recorded is the “absolute hands-off
time”, defined as the sum of all periods during
which no hand was placed on the chest minus time
used for ventilation (ventilation time). The trial mani-
kin was connected to a computer that allowed the
chest compression and ventilation parameters to
be collected using Skill Reporting software version
2.0.0.14 (Resusci Anne Skill Reporter, Laerdal Medi-
cal, Stavanger, Norway). While performing CPR, the
participants were not provided with any information
recorded by the manikin monitoring system and
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FIGURE 4. CONSORT flow-charts

were guided only by their own experience. After
the end of the CPR procedure, each participant was
asked to complete a questionnaire concerning the
ease of use and their personal level of confidence
while using the ARM. The age, gender, body weight,
height, and body mass index (BMI) of all participants
was also collected.

Statistical analysis

The results were presented as absolute values, per-
centages, median and interquartile range (IQR), or
mean and standard deviation (SD). The Statistica
software package (version 12.5, StatSoft Inc., Tulsa,
OK, USA) was used for statistical analysis. The Kol-
mogorov-Smirnov test was applied to check for nor-
mal distribution. As this was a randomized crossover
trial, pairing was taken into account in the statistical
analysis. The Student t test was used for paired sam-
ples with a normal distribution, and the Wilcoxon
test for samples with a non-parametric distribution.
All p values were two-sided and p < 0.05 was con-
sidered to be statistically significant. In the compa-
rative analysis of chest compression depth, as well
as the personal variables [weight, height, Body Mass

Index (BMI), sex], simple linear regression analysis
Pearson’s correlation was applied in order to detect
and describe the strength and direction of corre-
lations of CC depth to the above body composi-
tion data.

RESULTS
44 novice physicians (16 female; 36.4%) participa-
ted in the trial. Their mean age was 27.4 = 1.9 years,
mean height was 170 =9cm, while mean weight
was 76.5=10.5kg. The full characteristics of the
participants are presented in Table 1.

Effective compressions during resuscitation with
the ARM and in manual CPR varied and amounted to:
96 (interquartile range, IQR; 94-98) vs. 36 (33-41)%
(Tab. 2). The median correct depth of CC was signi-
ficantly different between trials with the ARM and
manual CPR (97 vs. 37%, respectively; p <0.001).
The median CC rate varied significantly between
trials with the ARM and manual CPR (100 min™" with
ARM vs. 1307 without ARM: p <0.001). The results
demonstrate that resuscitation performed with the
ARM was significantly better than in manual CPR
(p<0.05) for all the analyzed chest compression
parameters (percentage of CC too deep, percentage
of CC too shallow, percentage of correct pressure
points and percentage of correct pressure releases).

During resuscitation with the ARM, notably more
rescue breaths reached the correct ventilation vo-
lume as compared with resuscitation without ARM
(Tab. 2). In addition, with the use of the ARM per-
centage of gastric inflations was statistically less
than in resuscitation without the ARM (p < 0.001).

A simple regression analysis showed that the
male gender was a significant factor in the depth
of the chest compression (r=0.32; p=0.017), as
well as, weight (r=0.34; p=0.012). Other varia-
bles (weight, BMI) were not significantly associa-
ted with CC depth during resuscitation without
ARM (r=0.13, p=0.052 for weight; r=0.18,

Table 1. Participant characteristics

Gender
Male 28 (63.6%)
Female 16 (36.4%)
Age 274+ 19
Height [cm] 170 + 9
Weight [kg] 76.5 = 10.5
BMI 225+17
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Table 2. Chest compression parameters (observation period 2 min; median [interquartile range]

Manual CPR ARM p-value
Chest compression parameters
Effective compressions [%] 36 (33-41) 96 (94-98) < 0.001
Correct CC depth [%] 37 (31-39) 97 (96-98) < 0.001
CC too deep [%] 24 (21-26) 2 (1-3) < 0.001
CC too shallow [%] 41 (35-53) 1(1-2) < 0.001
Median CC rate (min™') 130 (124-140) 100 (99-101) < 0.001
Median CC depth [mm] 5(30-37) 52 (51-53) < 0.001
Correct pressure point [%] 85 (67-94) 100 (99-100) 0.003
Correct pressure release [%] 3 (63-90) 100 (99-100) < 0.001
Ventilation parameters
Tidal volume [I] 0.34(0.28 = 0.37) 0.5(0.43-0.51) < 0.001
Ventilation rate [min] 3 (2-4) 6 (5-7) < 0.001
Minute-volume [l] 1.04 (0.91-1.5) 2.9(2.3-3.5) < 0.001
Gastric inflations [%] 6 (4-10) 1(1-2) < 0.001
Time-related parameters
Absolute hands-off time [s] | 32(29-398) 18 (17-19) | < 0.001

p=0.23 for BMI). None of the variables (gender,
weight, height, BMI) was significantly associated
with CC depth during CPR with the use of the ARM.

All participants, in their subjective opinion,
judged that ARM helped them in performing CPR
with 100% of participants stating that they would
use the ARM in a real cardiac arrest situation. Fur-
thermore, 95.5% of participants felt more confident
in performing CPR using the ARM.

DISCUSSION

In this trial on simulated CPR performed by novice
physicians, the ARM device significantly increased
the CC quality, improving the CC depth and rate,
and the correct degree of chest relaxation in com-
parison with manual CPR. Moreover, the use of ARM
allowed one to obtain better ventilation parameters
during CPR.

Effective CCs, with the appropriate depth and
minimization of interruptions, are the gold stand-
ard according to the ERC 2015 guidelines for CPR.
Currently, there are no clear recommendations with
regard to the routine use of mechanical CC sys-
tems. However, according to the ILCOR guidelines,
these devices are applied if high-quality CPR is
unavailable, including cases of CPR provided by un-
trained medical personnel. Mechanical CC devices
have been developed to better deliver good quality

uninterrupted CCs [16] and may also be preferred
during transportation [17, 18], in a catheterization
laboratory, and as a bridge to more invasive sup-
port such as extracorporeal membrane oxygenation
[19, 20].

The devices ensure effective CPR with the CC
depth (at least 2 inches/5 ¢cm) and rate (at least
100 per minute) as recommended in the current
AHA/ERC guidelines [1, 21]. The analysis of the study
material proves that the use of the ARM during
a 2-min CPR cycle resulted in a statistically signifi-
cantly greater CC depth, as well as a CC frequency
consistent with the current guidelines. It is worth
noticing that recent studies found a strong associ-
ation between survival outcomes and increased CC
depth [22].

In several studies, the CCs performed by medi-
cal personnel turned out too shallow or too deep
[10, 23]. In a research by Peberdy et al., the par-
ticipants provided too shallow CCs in 34% of the
attempts, whereas the CCs in 12% of the attempts
were too deep [24].

With manual CPR, the median CC rate was
130 (IQR, 124-140) min™". Sunde et al. suggested
that too high rates might lead to a decrease in the
CC depth and impair diastolic filling and coronary
perfusion owing to insufficient decompression [25].
The ARM device is programmed to perform CCs with
an adequate rate and chest recoil. Several authors

34 www.journals.viamedica.pl/disaster_and_emergency medicine



S. Aleksandrowicz, M. Madeziala, L. Iskrzycki, Z. Truszewski, P Gawlowski, Chest compression quality

indicate that chest recoil during manual CPR is in-
sufficient [10, 18, 23, 26]. The ARM devices provide
high-quality CCs throughout the scenario.

During CPR, adequate patient ventilation consti-
tutes another key point. The oxygen reserve during
sudden cardiac arrest in normothermia patients is
sufficient for merely 3-5 minutes; after this time,
hypoxia leads to irreversible changes to the central
nervous system [1, 6]. When novice physicians used
ARM, ventilation parameters were better than in the
manual CPR scenario.

In the prehospital settings, each patient should
be treated as a patient with a full stomach. Gas-
tric inflation is an important complication of rescue
breaths, and can lead to aspiration and ARDS. The
reduced risk of gastric inflation when using ARM in
clinical practice may result in higher patient safety
with better pulmonary gas exchange.

Both the CC quality and shorter hands-off time
directly influence survival during CPR [27, 28]. In the
present study, the "absolute hands-off time’, defined
as the sum of all periods during which no hand is
placed on the chest minus the time used for ven-
tilation with ARM, was 18 (IQR, 17-19) seconds,
and turned out to be significantly shorter than in
manual CPR conditions (32 [IQR, 29-38] seconds;
p <0.001). This relationship is confirmed by, among
others, Putzer et al. [29, 30] and Fischer et al. [26].
In these studies, the use of mechanical CC devices
also reduced the hands-off time as compared with
manual CPR.

LIMITATIONS
Firstly, the trial was conducted on a manikin, not in
clinical conditions. Although the setting does not
necessarily reflect real life CPR situations, on the
other hand, manikins are standardized, while pa-
tients represent a great variety of conditions. Thus,
conducting the study on a manikin allowed one to
standardize the CPR setting. Moreover, according to
the ILCOR decision, randomized crossover trials dur-
ing resuscitation are unethical. The second limitation
is the fact that only novice physicians participated in
the study. However, owing to their limited experi-
ence in conducting CPR, this group may require ap-
plying devices to improve the CPR effectiveness. This
was a randomized, crossover manikin trial; although
it was not possible to blind the participants to the
intent of the study, they were blinded to the ade-
quacy of CC parameters during the CPR procedure.

Further investigations, especially clinical studies, are
needed to evaluate the obtained results.

CONCLUSIONS
In this simulated trial, when CPR was performed by
novice physicians, the ARM significantly improved
the quality of CPR. Further clinical trials should pro-
vide motivation to confirm the potential benefits of
ARM use during CPR.
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