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Abstract

Background. The quality of chest compressions directly influences the effectiveness of cardiopulmonary
resuscitation. Lifeguards, due to the high possibility of having to help victims with cardiac arrest in the mecha-
nism of drowning, are taught cardiopulmonary resuscitation based on basic resuscitation procedures. One of
the most important factors directly affecting the effectiveness of cardiopulmonary resuscitation is the quality of
chest compressions, which consist of chest compressions of appropriate frequency and depth, as well as the degree
of complete chest relaxation after each compression. The aim of the study was to assess the impact of cardiopul-
monary resuscitation with the use of cardiopulmonary resuscitation CPREzy feedback device on the quality of
chest compressions performed by lifeguards during simulated resuscitation of a submerged patient. Material and
methods. This was a randomized cross-over stud, which included 41 lifeguards. The participants were performing
two scenarios of 2-minute cardiopulmonary resuscitation cycle with and without CPREzy feedback device. Prior
to the resuscitation, the participants swam 25m in the pool, and then return to a starting position while towing
a phantom which was simulating the submerged patient. The simulation of cardiopulmonary resuscitation was
performed on the edge of the pool on a manikin equipped with sensors which measured the quality of chest com-
pressions. Results. All subjects completed 2min of cardiopulmonary resuscitation with both methods. Median
depth of compressions was higher without CPREzy — 50 mm [IQR; 44-52], compared with CPREzy - 45 mm [IQR;
40-47] (p = 0.009). No flow fraction was also better in manual chest compression without CPREzy technique. Full
chest release was better with CPREzy -87% compared with manual compressions — 68% (p = 0.021). Conclusion.
In the conducted simulation study, lifeguards were able to perform chest compressions at the appropriate depth
and at the appropriate frequency without the need to use CPR feedback devices. The use of CPREzy was correlated
with better relaxation of the chest. Anestezjologia i Ratownictwo 2018; 12: 24-30.
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Streszczenie

Wistep. Jakos¢ uciskania klatki piersiowej bezposrednio wplywa na skutecznos$¢ resuscytacji krazeniowo-
-oddechowej. Ratownicy wodni, ze wzgledu na wysokie prawdopodobienstwo udzielania pomocy poszkodowanym
w stanie naglego zatrzymania krazenia na skutek toniecia, szkoleni sa w zakresie resuscytacji krazeniowo-odde-
chowej zgodnie z obowigzujacymi wytycznymi. Jednym z najistotniejszych czynnikow bezposrednio wptywajacych
na skutecznos¢ resuscytacji krazeniowo-oddechowej jest jakos$¢ uciskania klatki piersiowej, na ktorg sktada sie
odpowiednia czestos¢ i glebokos$¢ ucisnied, jak rowniez stopien catkowitej relaksacji klatki piersiowej po kazdym
jej ucis$nieciu. Celem badania byta ocena wptywu stosowania urzagdzenia CPREzy podczas resuscytacji krazeniowo-
-oddechowej prowadzonej przez ratownikéw wodnych podczas symulowanej resuscytacji u pacjenta po tonigciu
w wodzie na jako$¢ uciskania klatki piersiowej. Materiati metody. Badanie przeprowadzono jako badanie krzyzowe
randomizowane na grupie 41 ratownikéw wodnych. Uczestnicy badania przeprowadzali 2-minutowg resuscytacje
zgodnie z dwoma scenariuszami, w ktorych stosowali — lub tez nie — urzadzenie CPREzy. Przed prowadzeniem
resuscytacji uczestnicy badania musieli przeptynac 25 metréw w basenie i nastepnie wroci¢ do pozycji startowej,
holujac fantom imitujacy poszkodowanego tongcego w wodzie. Resuscytacja prowadzona byta przy brzegu basenu
na fantomie wyposazonym w czujniki mierzgce jakos$¢ uciskania klatki piersiowej. Wyniki. Wszyscy uczestnicy
badania przeprowadzili 2-minutowg resuscytacje obiema metodami. Srednia gleboko$¢ uciskania klatki piersiowej
byta wyzsza bez stosowania urzadzenia CPREzy - 50 mm [IQR; 44-52], w poréwnaniu ze stosowaniem CPREzy
- 45 mm [IQR; 40-47](p = 0,009). Odsetek braku przeptywu byl réwniez wyzszy przy stosowaniu recznego uci-
skania klatki piersiowej bez stosowania techniki CPREzy. Odsetek pelnej relaksacji klatki piersiowej byt wyzszy
przy stosowaniu CPREzy - 87% w poréwnaniu z recznym uciskaniem - 68% (p = 0,021). Wnioski. W przeprowa-
dzonym badaniu symulacyjnym ratownicy wodni byli w stanie prowadzi¢ resuscytacje krazeniowo-oddechowa
uzyskujac odpowiednig glteboko$¢ i czestos¢ ucisnieé klatki piersiowej bez potrzeby stosowania urzadzenia do
wspomagania prowadzenia resuscytacji. Stosowanie urzadzenia CPREzy zwiazane bylo z uzyskiwaniem lepszego
odsetka relaksacji klatki piersiowej. Anestezjologia i Ratownictwo 2018; 12: 24-30.

Stowa kluczowe: resuscytacja krgzeniowo-oddechowa, uciski klatki piersiowej, jakosé, ratownik wodny, tonigcie

Introduction significantly increase the chances of return of sponta-
neous circulation.

The epidemiological data show that sudden car- Studies indicate that a large number of people
diac arrest is a serious health issue. Global incidence perform too shallow chest compressions, or the frequ-
of adult out-of-hospital-cardiac arrest is estimated at ency of compressions is too high. This applies to both
95.9 per 100,000 persons-years [1]. Survival rates vary healthcare professionals and people working outside
from approximately 5% to 50% in both out-of-hospital of medicine field [6,7]. Wik et al. [8], observed a mean
and in-hospital settings [2]. Moreover, more than half chest compression depth of 34 mm in out-of-hospital
of survivors of cardiac arrest have brain damage of resuscitation, and only 28% of chest compressions
varying degrees [3,4]. within 38-51 mm. Aufderheide et al. [9], showed that

The American Society of Cardiology guidelines chest compressions performed by medical personnel in
indicate that providing high quality chest compres- conditions of simulated cardiopulmonary resuscitation
sions is the main factor affecting the effectiveness of are of low quality. The results obtained by Wik et al.
cardiopulmonary resuscitation [*]. The guidelines [8], as well as Aufderheide et al. [9] also confirmed by
recommend that chest compressions are performed other studies [7,10,11].
in adults with a 100-120 compressions per minute In order to improve the quality of chest compres-
frequency with a depth of 5-6 cm. Simultaneously the sions both compression systems e.g. LUCAS2 [12], or
complete chest relaxation after each compression must CORPULS [13] or cardiopulmonary resuscitation
be reached. The aforementioned factors, combined with feedback devices (i.e. CPREzy [14], TrueCPR [15],
the minimization of pauses in chest compressions, CPRMeter [16,17]) may be used. The latter providing
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the real life data regarding the depth and frequency
of chest compressions allows the compressing person
to modify the parameters of compressions and opti-
mize them.

The aim of the study was to assess the impact of
cardiopulmonary resuscitation with the use of car-
diopulmonary resuscitation CPREzy feedback device
on the quality of chest compressions performed by
lifeguards during simulated resuscitation of a sub-
merged patient.

Material and methods

= Study design and participants

This study was designed as a prospective randomi-
zed crossover observational trial, and the study pro-
tocol was approved by the Institutional Review Board
of the Polish Society of Disaster Medicine (Approval
no.: 84.2017.IRB). The study was conducted from the
November to the December 2017. Volunteers aged
18 years or more were recruited from the lifeguards.
Health care professional or medical students were
excluded from this study. A total of 41 participants
were enrolled.

Figure 1.

CPREzy feedback device

= Device

The CPREzy device is a re-usable device designed
to assist in cardiopulmonary resuscitation [18]. The case
of the device is made of plastic and has a dimension
of 55x180x50 mm with a weight of 260g. The device
is powered by a 9V battery. The device has a built-in
metronome (100/min). The device shows the level of
pressure generated by each compression of a chest.
Device illuminates with each chest compression, provi-
ding continual chest compression quality feedback and
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guiding the amount of pressure applied by the rescuer
throughout the resuscitation. Activation pressures for
thelights are (+5kg) ‘child’ - 23kg, ‘small adult’ - 32 kg,
‘average adult’ - 41kg, ‘large adult’ - 50kg, and ‘caution’
- 54 kg (figure 1). At the same time, when the proper
chest relaxation is obtained the lights are turned off.

= Device training

Prior the study, all participants received a 30-minute
CPR feedback device training session. It consisted of
a 10-minute computer-based training provided by the
device manufacturer and a 20-minute instructor-led
skills practice session applying and using the CPREazy
device on a manikin. The theoretical training instruc-
ted participants how to apply and use the CPREzy
device to manage a patient in cardiac arrest. After
that all participants were allowed to practice using the
CPREzy device at their own pace and ask the instructor
questions about how to use the device properly.

=  Simulation

During the study, the participants had to perform
a2-minute cardiopulmonary resuscitation cycle in two
scenarios: chest compressions without feedback device
(Scenario A), and with chest compressions supported
by the CPREzy device (Scenario B).

Prior to performing chest compressions, the
rescuer was tasked with swimming 25 meters of the
pool and on the way back they had to tow the manikin,
which simulated simulating the submerged patient
(figure 2). The next step was to perform a 2-minute
cycle of cardiopulmonary resuscitation at the edge of
the pool. Both the order of the participants and the
research methods were randomized with the com-
prehensive internet-based randomization software
(randomize.net). A detailed randomization procedure
is presented on figure 3.

P &

— I

Figure 2. Lifeguard while towing a person



Anestezjologia i Ratownictwo 2018; 12: 24-30

ENROLLMENT

Nauka praktyce / Science for medical practice

‘ Research group
(n=41)

Excluded (n=0)
* Declined to participate (n=0)
* Other reasons (n=0)

Randomization (first compresion technique|
to be performed and order of participants)

'

l L Allocation ) 3

Allocation to start without CPREzy
(n=21)
* Recived allocated interventions (n=21)

Crossover

Allocation to start with CPREzy
(n=21)
* Recived allocated interventions (n=21)

Allocation to start with CPREzy
(n=20)
* Recived allocated interventions (n=20)

Crossover

Allocation to start without CPREzy
(n=20) .
* Recived allocated interventions (n=20)

ANALYSIS

Collected numbers
of interventions (n=82)

Figure 3.  Study flow chart
= Measurements of chest compressions
Parameters which were evaluated during the test
were measured with the use of the software included
in the SimPad phantom (Laerdal, Stavanger, Norway).
The quality assessment parameters of chest
compression consisted of the frequency of chest com-
pressions per minute (CCPM), depth of compressions
(mm), percentage of properly performed compressions
(%) calculated as the proportion of chest compressions
with appropriate depth among the total chest compres-
sions during every 20-s CPR period. The appropriate
depth was defined as 5-6 c¢m, and appropriate chest
compression rate was defined as 100-120 compres-
sions per minute, according to the American Heart
Association cardiopulmonary resuscitation guidelines
[5]. After the study was completed, participants were
also asked about their preferences regarding the use
of the CPREzy device during real-life resuscitation.

= Statistical analysis

Data were analyzed using the Statistica software
version 12 (StatSoft, Tulusa, OK, USA). Values of P<0.05
were considered significant. Continuous and original
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data are presented as the median and interquartile
range (IQR), and the categorical data ate presented as
raw numbers and frequencies. Non-parametric tests
were used because the data distribution was not normal
based on Shapiro-Wilk and Kolmogorov-Smirnov tests.
Participants did not receive feedback regarding their
performance during the study period.

Results

41 lifeguards were included in the study (14 fema-
les; 34.1%) with a median age of 28.5 years [IQR;
25-31.5] and the median work experience on the
swimming pool was 7.5 years [IQR; 3-8].

The frequency of chest compressions with the use
of CPREzy device was 101[IQR; 98-103] vs. 107 [IQR;
102-111) for a non-assisted compressions (p = 0.43).

A detailed summary of the chest compressions
parameters with and without CPREzy device is pre-
sented in table L.

The frequency of chest compressions in the ana-
lyzed scenarios was 107 [IQR; 102-111] CCPM during
the non-assisted cardiopulmonary resuscitation vs.
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TableI.  Chest compression parameters
Resuscitation

without CPREzy
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Resuscitation with
CPREzy

Chest compression rate (min) [ 012(21711] [9;9]202] 0.086
50 45

CC depth (mm) [44-52] [40-47] 0.003

No flow fraction (s) " 82_125] [232_830] 0.009

Full release (%) 68% 87% 0.021

Effective compression rate (%) 85% 81% 0.364

102 [IQR; 99-102] CCPM with CPREzy device assist.

The depth of chest compressions with and
without CPREzy use was different and it was 50 [IQR;
44-52] mm vs. 45 [IQR; 40-47] mm (without vs. with
CPREzy, respectively). The difference in the depth of
compressions in the case of CPREse and non-asisted
resuscitation was statistically significant (P = 0.003;
figure 4). ‘No flow fraction’ in the case of non-asisted
resuscitation was 21 [IQR; 18-25] sec and was statisti-
cally significantly shorter than in the scenario with the
CPREzy assist - 28 [IQR; 23-30] sec (P = 0.009).

Effective compression during resuscitation rate
without CPREzy was 85% vs. 81% when resuscitation
was performed with the CPREzy assist.

43.9% (18/41) of participants declared that
they would use the CPREzy device in a real cardiac
arrest situation.

56

54
52
E
E 50 o
I
£
S
2
7
8
2 46
E
8 a
g
& I
2
2 ==
&)
Without CPREzy With CPREzy e
Chest compression technique T Min-Max

Figure 4. Median of chest compressions depth
Discussion

In this study we performed cardiopulmonary
resuscitation with and without CPREzy device, which
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is a type of cardiopulmonary resuscitation feedback
monitor. The study was conducted by experienced
lifeguards who performed cardiopulmonary resusci-
tation based on the 2015 American Heart Association
resuscitation algorithm [5]. The study analyzed chest
compressions parameters only.

Both the depth and the frequency of chest com-
pressions affect the survival of patients with cardiac
arrest [19,20]. Numerous studies show that the use of
both mechanical chest compressions or CPR feedback
devices allows for the optimization of the frequency
of chest compressions [21]. In the conducted study, the
frequency of chest compressions during non-asisted
resuscitation was 107 [[IQR; 102-111] chest compres-
sions per minute and when using CPREzy it was 102
[IQR; 99-102] CCPM. Many CPR feedback devices have
a built-in metronome that facilitates chest compres-
sions in accordance with the recommendations of the
AHA guidelines [22], or ERC [19]. Many studies suggest
that medical personnel tend to compress the chest too
quickly during cardiopulmonary resuscitation [23,24].

American Society of Cardiology guidelines recom-
mend that during cardiopulmonary resuscitation the
chest of an adult should be pressed to a depth of 5 to
6 cm. In the conducted study, lifeguards conducting
manual compression of the chest achieved a 5 cm depth
of compressions. When using the CPREzy system, the
depth was 4.5 cm. The studies by Kurowski et al. [6]
indicate that the depth of chest compressions can be
different when utilizing various chest compression
supporting deceives. In Kurowski’s studies, the highest
quality chest compressions were obtained with the use
of TrueCPR device.

In a study comparing the effectiveness of chest
compressions between the non-assisted method and the
assist of the CPRMeter device, higher quality of chest
compressions was obtained when using CPR meter
[17]. Sutton et al. [25] indicated that the use of feedback
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device improves adult cardiopulmonary resuscitation
quality and the rate of return of spontaneous circula-
tion, which is also confirmed by Abella [26].

In the conducted study, the participants performed
higher quality of chest compressions during manual
chest compressions, however, the use of CPREzy was
associated with better chest relaxation, which can be
explained due to the feedback mechanism of CPREzy.
When the full relaxation is reached, the lights on the
device turn off. Other studies also indicate that the
use of CPR feedback devices improve the full chest
relaxation rate [6,27]. Due to the compressions at the
appropriate depth and the full relaxation of the chest
after each pressure, it is possible to create an appro-
priate pressure difference, allowing to maintain the
blood flow both through the vital organs and coro-
nary vessels.

Numerous studies indicate that the lifeguard’s
fatigue may affect the quality of cardiopulmonary
resuscitation. The study was designed in such a way
that before performing each cycle of cardiopulmonary
resuscitation, lifeguards swam a total of 50 m, there-
fore fatigue component was included into the study.
According to the study lifeguards despite previous
physical exertion, were able to provide compressions
with both the appropriate depth and frequency.

Study had several limitations. First, although we
used an advanced cardiopulmonary resuscitation
manikin, we did not exam real clinical resuscitation
of patients, as the feeling of the chest compression
and motivations vary to some extent when providing
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CPR to humans and simulators Another limitation
is limiting the research group to the water rescuers,
however when there is a cardiac arrest in the pool,
they are the ones who have to pull the person out of the
water and begin cardiopulmonary resuscitation before
the emergency medical team arrives. In addition, the
study did not assess the impact of sex, age and body
weight on the quality of chest pains, because the studies
of @degaard et al show that compression depth does
not depend on rescuer gender, height, or weight [28].
In addition, the lifeguards participating in the study,
due to the type of work they do, were athletic people.

Conclusion

In the conducted simulation study, lifeguards
were able to provide the chest compressions with the
appropriate depth and frequency without the need
to use CPR feedback devices. The use of CPREzy was
associated with better relaxation of the chest.
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