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Background: High-quality chest compression is one of the key elements of resuscitation to return of spontaneous
circulation. In the COVID-19 era, medical personnel should wear personal protective equipment (PPE) against
aerosol generating procedures (AGP) during resuscitation. However, the use of this personal protection equipment
may reduce the effectiveness of medical procedures performed.

Objective: We aimed to compare chest compression quality parameters between standard manual chest compression
and chest compression with TrueCPR feedback device performed by medical students wearing full personal protractive
equipment against aerosol generating procedure.

Methods: The study was designed as a randomized, cross-over, single-blinded simulation study. Thirty-two medical
students wearing PPE-AGP performed 2-min continuous chest compression on an adult simulator with and without
TrueCPR feedback device.

Results: Median chest compression depth with and without TrueCPR feedback device varied and amounted to 46
(IOR; 42-53) vs. 41 (IQR; 36-45) mm (MCC vs. TrueCPR, respectively). The manual chest compression rate was 117
(IOR; 112-125) compressions per minute (CPM) and was higher than with TrueCPR feedback device - 107 (IOR; 102-
115; p = 0.017). Full chest relaxation in the manual's chest compression technique (without TrueCPR) was 33 (IQR;
26-42)% and was lower than with chest compression with TrueCPR feedback device - 58 (IQR; 40-75)% (p=0.002).

Conclusions: We conclude that a TrueCPR feedback device improves chest compression quality during simulated
COVID-19 resuscitation performed by medical students wearing PPE-AGP.
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Background
High-quality chest compressions are essential

CoV-2) [3] and asseverated to be transmitted from
human-to-human by multiple meansby droplets,

elements of out-of-hospital cardiac arrest (OHCA)
and in-hospital cardiac arrest (IHCA). The
guidelines for cardiopulmonary resuscitation by
the European Resuscitation Council (ERC) and the
American Heart Association (AHA) place great
emphasis on high-quality chest compressions, thus
showing the reference conditions against which
there is the greatest chance of a return of spontaneous
circulation (ROSC) [1,2].

The world now faces the new pandemic
infectious disease COVID-19 induced by the Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-
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aerosols, and fomites [4,5]. By October 5, 2020,
nearly 35.54 million cases of SARS-CoV-2 infection
were recorded, including nearly 1.04 million deaths
and over 24.57 million recoveries.

The US Centers for Disease Control and
Prevention (CDC) defines ‘“aerosol-generating
procedures” (AGPs) as procedures with the potential
to generate infectious respiratory particles at higher
concentrations than breathing, coughing, sneezing,
or talking, or procedures that create uncontrolled
respiratory secretions. In turns the World Health
Organization (WHO) has recommended that when
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dealing with patients whom are performing any
AGP on a suspected COVID-19 positive patient
must wear an N95 or FFP2 mask. There is also
a recommendation that a medical mask, gown,
gloves, and eye protection is sufficient [6]. In
Polish conditions, the personnel of emergency
medical teams, conducting resuscitation in patients
with suspected / confirmed COVID-19, conducts
cardiopulmonary resuscitation in full personal
protractive equipment (PPE) against aerosol
generating procedures (AGP) suits, which is
consistent with the suggestions Brown and Chan,
where authors conclude that there are evidence for
infection transmission during chest compressions
and a precautionary approach with appropriate PPE
is necessary to protect HCW from contracting a
potentially fatal infection. [7].

Using PPE-AGP suits may affect the
effectiveness of medical procedures by reducing
their effectiveness and extending their duration.
This applies to both the quality of chest compression
[8,9], intravascular access [10,11] and instrumental
airway management [12,13]. Regardless of the
procedure should be sought alternative methods
of influencing the actions taken to increase the
effectiveness of medical devices by people dressed
in the PPE-AGP.

Aim of the study

We aimed to compare chest compression
quality parameters between standard manual chest
compression and chest compression with TrueCPR
feedback device performed by medical students
wearing full personal protractive equipment against
aerosol generating procedure.

Methods

The study was designed as single-blinded,
multicenter, prospective, randomized, crossover
simulation trial. The Institutional Review Board of
the Polish Society of Disaster Medicine approved the
study protocol (Approval no. 23.01.20.IRB). Study
was conducted in Warsaw, Poznan and Wroclaw
in the period from January to February 2020. The
study is a continuation of the research undertaken
by the authors, aimed at evaluating various methods
of cardiopulmonary resuscitation during the use of
PPE-AGP [8,14].

Participants

Thirty-two medical students who completed
advanced cardiovascular life support training took
part in the study. Exclusion criteria were: 1) no
consent to participation in study; 2) symptoms of an
infectious disease; 3) asthma; 4) injuries that may
affect the quality of performed chest compression
(including injuries to the wrist, back). Voluntary
written informed consent was obtained from each
participant.

Simulation scenario

To simulate a patient with COVID-19 requiring
CPR, an advanced SimMan 3G simulator (Laerdal,
Stavanger, Norway) was used and placed on a flat
surface in a well-lit room.

All study participants underwent training on how
to put on and remove a full PPE-AGP suit. For this
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purpose, Tychem F Level-C (DuPont, Wilmington,
USA) suit, airway protection N95 respirator (3M
Poland, Kajetany, Poland), face shield (3M Poland,
Kajetany, Poland) including double nitrile gloves
(MedaSEPT®, Poznan, Poland).

During the target study, participants performed
a 2-minute cycle of continuous chest compression
with and without TrueCPR feedback device (Figure

).

Figure 1. — TrueCPR feedback device

Both the order of the participants and the methods
of chest compression were random. For this purpose,
the Research Randomizer program (randomizer.
org) was used. We divided all participants using
this program into two groups. The first group
began chest compression with TrueCPR feedback
device, while the second group started without
TrueCPR device. After completing the 2-minute
CPR cycle, participants had 20 minutes of rest and
then performed chest compressions using a different
method. We present a detailed randomization
procedure on Figure 2.

Outcome measures

The chest compression quality parameters
were recorded in real-time using the simulator
control software - Laerdal Learning Application
(LLEAP software, v.7.1.0; Laerdallnc, Stavanger,
Norway). The study analyzed parameters such as
the depth of chest compressions, the frequency of
chest compressions, and the correctness of chest
relaxation. We took the values recommended by the
American Heart Association resuscitation guidelines
as reference values [15]. After the study, we asked
participants to define their preferences what method
of chest compression they would use during real
rescue operations.

Statistical analysis

Sample size calculations were performed based
on a two-sided paired t-test assuming 80% power
and a significance level of 0.05. Assumptions
for expected results were based upon the work of
Malysz et al. [14]. Those calculations indicated that
a sample size of 32 participants would be required to
power the trial adequately to detect a difference of 5
millimeters between the two modalities.

For the purposes of statistical analysis, the results
of the study were blinded.The data were fed into
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Figure 2. — Randomization flow chart

the computer having Statistica 13.3EN (Tibcolnc,
Tulsa, OK, USA). All statistical tests were two-
sided. The occurrence of normal distribution was
confirmed by the Kolmogorov-Smirnov test. We
described variables using percentages for qualitative
variables and using median with interquartile range
for quantitative variables. The Friedman test was
used for the intra-group analysis, and the Wilcoxon
signed-rank test for the pairwise comparison.
A P-value of<.05 was considered statistically
significant.Graphs were prepared with GraphPad
Prism 6.0 (GraphPad Software, San Diego, CA)
software.

Results

The study includes thirty-two medical students
who had previously successfully completed the
Advanced Cardiovascular Life Support course
conducted by accredited American Heart Association
instructors.

Median chest compression depth with and
without TrueCPR feedback device varied and
amounted to 46 (IQR; 42-53) vs. 41 (IQR; 36-45)
mm (MCC vs. TrueCPR, respectively).

The manual chest compression rate was
117 (IQR; 112-125) compressions per minute
(CPM) and was higher than with TrueCPR feedback
device - 107 (IQR; 102-115; p=0.017.

Full chest relaxation in the manual's chest
compression technique (without TrueCPR) was
33 (IQR; 26-42)% and was lower than with chest
compression with TrueCPR feedback device - 58
(IQR; 40-75)% (p=0.002).

90.6% of all participants showed TrueCPR as a
method of chest compression that they would use in
real cardiopulmonary resuscitation of a patient with
COVID-19. 3 persons (9.4%) showed manual chest
compression as the preferred method (p <0.001).

Discussion

The objectives of our study were to evaluate the
performance of chest compression with and without
TrueCPR feedback device by medical students in
PPE-AGP conditions. Our study shows that the chest
compression with TrueCPR offer higher CC quality
than manual chest compression (without TrueCPR).
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High-quality chest compression is based on
several important parameters, which include, among
others, the depth of chest compression, the frequency
of compressions or relaxation of the chest following
compressions. According to the guidelines for CPR
recommended by the American Heart Association,
the depth of chest compression in an adult should
be 5 to 6 cm, the compression rate should be higher
than 100 CPM and no more than 120 CPM, and each
chest compression should be full her relaxation [15].

Chest compression depth is strongly related to
chest compression rate, and both are independently
associated with survival [16]. Results got by
Vadeboncoeur et al. suggest that adhering to the
2010 AHA Guideline-recommended depth of at
least 5Imm could improve outcomes for victims
of OHCA [17]. Steill et al. found that maximum
survival was in the depth interval 0o 40.3 to 55.3 mm
(peak, 45.6 mm), suggesting that the 2010 American
Heart Association cardiopulmonary resuscitation
guideline target may be too high [18].The depth of
chest compressions in our study was lower than the
depth recommended by the AHA guidelines and the
European Resuscitation Council (ERC) guidelines.
It is worth emphasizing, that the use of TrueCPR
feedback device resulted in an increase in the depth
of compressions compared to the group where CPR
was conducted without CPR feedback device. Also,
other studies where CPR was conducted without
the use of PPE-AGP suits show that CPR feedback
devices improve both the depth and frequency of
chest compressions [19-22].

In our study, the rate of chest compressions
during the study was within the limits recommended
by the AHA. Although there is no consensus among
researchers regarding the optimal rate of chest
compression, Idris et al. indicated that compression
rates between 100 and 120 per minute were associated
with greatest survival to hospital discharge [23].
Duval et al. suggest that the combination of 107
compressions per minute and a depth of 47mm is
associated with significantly improved outcomes
for out-of-hospital cardiac arrest [24]. Study
performed by Kilgannon et al. showed that chest
compression rates above the recommended 100-
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120 compressions/min may improve the chances of
ROSC among IHCA patients [25].

Another important element influencing the
quality of CPR is the correctness of chest relaxation
after each compression. Full chest decompression
affects higher cerebral blood flow [26, 27]. The
conducted study showed a statistically significant
improvement in the level of chest decompression
with TrueCPR feedback device.

CPR feedback devices are becoming more and
more appreciated in cardiopulmonary resuscitation.
By showing the parameters of chest compression in
real time, they improve the quality of compression.
As indicated by the study by Katipoglu et al.
observing real-time chest compression quality
parameters during Basic Life Support training may
improve the quality of chest compression one month
after the training including correct hand positioning,
compressions depth and rate compliance [28].
The study by Buléon et al. shows the use of CPR
feedback devices, especially in the aspect of
prolonged resuscitation [29].

The conducted study has limitations. Firstly, it
was carried out in medical simulation conditions,
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not in clinical conditions, however, because of
the COVID-19 pandemic, performing tests under
medical simulation conditions allows for safe
performance of medical procedures and their full
standardization [30,31]. The second limitation is the
use of only TrueCPR feedback device in the study,
however, it is the most advanced device of this type.
The third limitation is the inclusion of only medical
students in the study, however, such a choice was
deliberate and was dictated that this group did not
deal with CPR feedback devices, so an improvement
in the quality of chest compression could be observed
among people who have undergone only a short
instructional training in CPR feedback devices.

Conclusions

We conclude that TrueCPR feedback device
improves chest compression quality during
simulated COVID-19 resuscitation performed by
medical students wearing PPE-AGP.
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THonvwa, Ionrvckoe Obwecmeo Meouyunwvt Kamacmpog, Bapwasa, [onvua;

SMosnanvekuti Yuusepcumem Meouyunckux nayx, Ilosnans, Ionvwa; Ionvckoe Obuecmeo

Meouyunvr Kamacmpodg, Bapwasa, [lonvua;
‘Bpoynasckuii Meouyunckuii Ynueepcumem, Bpounas, Ionvwa; I[lonvckoe Obwecmeso
Meouyunvr Kamacmpodg, Bapwasa, [lonvua;
’benocmokckuit Meouyunckuii Ynueepcumem, benocmok, [lonvwa; Ilonsckoe Obuecmeo

Meouyunvr Kamacmpodg, Bapwasa, [lonvua;

S poonenckuil I'ocyoapcmeennoiii meduyunckuil ynueepcumem, I poono, berapyce;
"Meouyunckas Axademus umenu Mapuu Crrooosckoui-Kiopu 6 Bapwase, Bapwasa, Ilonvua,
Tlonvcrkoe Obwecmseo Meouyunvr Kamacmpodh, Bapwasa, Ilonvwa,
benocmorxckuii Oukonoeuueckuti [lenmp, benocmok, [lonvuia.

Bseoenue: Kauecmeennoe cocamue 2pyOoHoOll KiemKu - 0OUH U3 KIIOUEBbIX dNIeMeHM08 peanumayuy OJisa 80ccma-
HOBJIeHUsL CHOHMAHHO20 KpogoobpaweHust. B snoxy COVID-19 meduyunckutl nepconan 00aiceH HoCums cpeocmea
unousuoyanvrou sawumset (CHU3) om npoyedyp, eenepupyowux aspozone (I1I'A) 6o epems peanumayuu. OOHAxo uc-
NOABL308AHUE IMO2O CPEOCMBA UHOUBUOVATLHOU 3AWUMbL MOXNCEN CHUZUMb IDOEKMUBHOCMb BbINOIHAEMBIX MeOU-
YUHCKUX NPOYEOYD.

Lenv: cpasnumv napamempsi Kavecmea KOMnpeccuu 2pyOHOU Ki1emKUu Mexcoy CIaHOapmHou pyuHol KomMnpec-
cuetl epyoOHoll KIemKu U KomMnpeccuell 2pyOHoul kiemku ¢ yempouicmeom obpamuoul cesizu TrueCPR, svinonnsemot
cmyoenmamu-meouxamu, Hocsuumu CHU3 om I1T'A.

Memooul: nposedeno pandomMuzuposantoe Nepekpecmuoe UMUMayuoHHoe UCCIe008aHUe ¢ OOUHAPHBIM CeNbIM
memodom. Tpuoyamsv osa cmyoenma-meouxa ¢ CHU3 npomus III'A svinoanunu 2-munymuoe HenpepuleHoe coicamue
2PYVOHOIL KNIeMKU HA CUMYAMOpe 0151 83pOCbIX ¢ ycmpoticmeom oopamuoti ceazu TrueCPR u 6e3 Hezo.

Pezynomamer: Cpeouas enyouna cocamusi epyonoll kiemku ¢ yempoucmeom oopamuou céazu TrueCPR u 6e3
nezo sapvuposana u cocmasuna 46 (IQR; 42-53) npomus 41 (IQR; 36-45) mm (pyunoe naxcamue Ha epyOHyIO KIemKY
npomus TrueCPR, coomeemcmeenno). Yacmoma coicamusi epyoHou kiemku epyunyto cocmasisiaa 117 (IQR; 112-
125) xomnpeccutl ¢ munymy u bviaa gviute, wem ¢ yempoticmgeom oopamuou ceésasu TrueCPR — 107 (IQR; 102-115; p
=0,017). I[lonnoe paccrabnenue 2pyOHOU KIEeMKU 8 MeMOOUKe CHCAMUsL 2PYOHOLU KIemKU, ONUCAHHOU 8 PYKOBOOCHIGe
(6e3 TrueCPR), cocmasuno 33 (IQR; 26-42)% u OvbL10 Hudice, yem npu cocamuu epyoHOu KIemKu ¢ YCmpoucmeom
oopammoii céasu TrueCPR - 58 (IOR; 40-75)% (p = 0,002).

Bv16000b1: Mol npuwiu k 661600y, umo ycmpoucmeo oopamuou cesasu TrueCPR yayuwaem kauecmeo komnpeccutl
2pyoHot Kiemku 80 epemsi umumayuu peanumayuu npu COVID-19, evinonnsemoti cmyoenmamu-meouKamu, HoCsauu-
mu CHU3 npu IITA.

Kniouesvie crosa: komnpeccus 2pyoHOl KIemKu,; CepOeuHO-1e204HAs. PeAHUMAYUsL;, KAYeCmeo, YCmpolucmeo 06-
pammuotl ceasu, TrueCPR,; cpedcmea unousuoyanvuoi sauumot, COVID-19; SARS-CoV-2; meduyurckas cumynayus.

s yumuposanun: Chest compression methods in simulated COVID-19 patient resuscitation: A randomized cross-over
simulation trial / T. Evrin, K. Bielski, A. Dabrowska, J. Smereka, J. R. Ladny, M. Malysz, R. Yakubtsevich, L. Szarpak // ’Kypuan
I'poounenckoeo eocyoapcmeennozo meduyuncrkoeo ynusepcumema. 2020. T. 18, Ne 6. C. 669-675. http://dx.doi.org/10.25298/2221-
8785-2020-18-6-669-675.
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Jetckue 0oJie3HN B IPAKTUKE MEIUIIMHCKOM Ce-
CTpHI C BhICIIMM oOpa3oBanueM [Tekct] : mocoOue
JUTSL CTYICHTOB YYPEXKIEHHUI BBICIIETO 00pa3oBa-
HuUsl, oOydaronxcs 1o crernuainsHocty 1-79 01 06
"CecTpuHCKOE 7eN0" : pEeKOMEH0BAHO yIeOHO-Me-
TOJIMYECKUM OOBEIMHEHHUEM 110 BBICHIEMY MEIH-
OUHCKOMY, (hapMarieBTHYECKOMY OOpa3oBaHUIO /
MunuctepcTBo 3apaBooxpanenus Pecrryonukn be-
napyce, Yupexxaenue obpasoBanus "I'ponHeHcKuit
TOCY/IapCTBEHHBI MEIWUIIMHCKUN yHHBEpPCHUTET",
1-a xadenpa nerckux Oonesnedt ; [H. A. Makcumo-
Bu4, 3. B. Copoxornsit, C. U. Baiirot, T. 1. PoBOyTb,
H. M. Tuxon]. — I'ponuo : I'pI'MY, 2020. — 227 c.
: Tabu., puc. — ISBN 978-985-595-292-4 : 4.25 p.

Tocobue k npaxmuyeckuil 3aHAMUAM NO NEOUAMPUU BKITO-
yaem OIOK mMeopemuyeckol uHpopmMayuu u npurodiCeHue.
Paspabomano 6 coomeemcmeuu ¢ yuebHOU Npocpammon 01s
CMYOeHMo8 MeOUK0-OUACHOCMUYECKO20 (PaKyibmema u npeo-
HA3HAYEHO OJIsl CAMOCMOSIMENbHOU NO020MOBKU cmy()eumoe K
Npakmu4yecKum 3aHAmuim U SK3adMendadM. H3znooicenunviii mame-
puain moskcem OblMb UCNONB30BAH MAKIHCE KIUHUYECKUMU op-
OuHamMopamu, NeOUampamu u epavamu oowel nPaKmuKu npu
ammecmayuu Ha pa601mx Mecmax u coade Keazmd)ukauuo%t—
HbIX IK3AMEHO86.
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