Duricin A, et al. Training’s Role in High-Quality Chest Compressions

THE IMPORTANCE OF TRAINING IN DELIVERING HIGH-QUALITY CHEST

COMPRESSIONS

ZNACAJ EDUKACIJE U POSTIZANJU VISOKOKVALITETNIH KOMPRESIJA

GRUDNOG KOSA

Aleksandar DURICIN'2, Nikolina KONSTANTINOVIC', Radojka JOKSIC MAZINJANIN'2, Nikolina MARIC'?,

Dragan TURANJANIN'? and Vanja TATALOVIC'#

ORCID NUMBER

Aleksandar Puric¢in - 0000-0002-8473-4022
Nikolina Konstantinovi¢ — 0009-0003-8878-8110
Radojka Joksi¢ Mazinjanin — 0000-0002-4436-336X

University of Novi Sad, Faculty of Medicine Novi Sad'
Institute for Emergency Medical Services Novi Sad?

Children and Youth Health Care Institute of Vojvodina, Clinic of Pediatric Surgery,

Nikolina Mari¢ - 0009-0004-3029-385X
Dragan Turanjanin — 0009-0002-9638-0935
Vanja Tatalovi¢ — 0009-0008-1942-706X

Original study
UDK 616-083.98:615.816
https://doi.org/10.2298/ MPNS2406154D

Department for Pediatric Anesthesia, Intensive Care and Pain Therapy, Novi Sad®
University Clinical Center of Vojvodina, Clinic for Plastic and Reconstructive Surgery, Novi Sad*

Abstract

Introduction. Sudden cardiac arrest is an abrupt cessation of the
heartbeat, leading to a critical interruption in blood circulation
and oxygen delivery to vital organs. Immediate initiation of car-
diopulmonary resuscitation upon recognizing cardiac arrest
significantly enhances the chances of survival. Basic Life Support
helps to mitigate organ damage while awaiting more advanced
medical interventions. The objective of this study is to evaluate
the effectiveness of chest compressions delivered by students
trained in Basic Life Support compared to those without such
training. Material and Methods. A total of 120 first-year medi-
cal students participated in the study. Sixty students had not
undergone Basic Life Support training, while the remaining 60
had successfully completed the course. Data about chest compres-
sion quality were gathered using SimPad PLUS Laerdal software
and the Little Anne QCPR manikin. Results. Students who had
received Basic Life Support training demonstrated significantly
better performance across key parameters, including compres-
sion rate, depth, and the proportion of compressions meeting
adequate depth criteria. Additionally, there was a statistically
significant improvement in overall compression success rate
among the students trained in Basic Life Support. Conclusion.
The findings of this study highlighted the positive impact of Ba-
sic Life Support on the quality of chest compressions.

Key words: Heart Arrest; Cardiopulmonary Resuscitation; Edu-
cation; Students, Medical; Heart Massage; Quality Improvement;
Manikins; Life Support Care

Introduction

Sudden cardiac arrest (SCA) is an abrupt cessation
of the heartbeat, resulting in a loss of blood flow and
oxygen to vital organs. Immediate resuscitation can
potentially reverse the effects of SCA, but delays in
starting resuscitation often lead to irreversible damage
to the brain and other critical organs, ultimately caus-
ing death. Out-of-hospital survival rates for SCA are
just below 10%, making it the third leading cause of

Sazetak

Uvod. Iznenadni sréani zastoj predstavlja neocekivani prestanak
rada srca koji dovodi do prekida krvotoka i snabdevanja organa
kiseonikom. Zapocinjanje mera kardiopulmonalne reanimacije bez
odlaganja, odmah nakon registrovanja znaka sré¢anog zastoja,
povelava $anse za prezivljavanjem. Osnovne mere oZivljavanja
usporice razvoj o$tecenja, dok se slozenijim postupcima stru¢ne
medicinske pomo¢i ne obezbedi dalje zbrinjavanje. Cilj rada je
analiza uspe$nosti izvodenja visokokvalitetnih kompresija grudnog
kosa kod studenata nakon edukacije o osnovnoj zivotnoj podrsci u
odnosu na grupu studenata koji nisu prosli edukaciju. Materijal i
metode. U istraZivanju je ucestvovalo 120 studenata prve godine
medicine, od toga 60 studenata je ¢inilo prvu grupu koja nije prosla
edukaciju o osnovnoj zivotnoj podrsci, dok se druga grupa sasto-
jala od 60 studenata koji su prethodno progli kurs. Za rad je upotre-
bljena lutka Little Anne QCPR uz kori$¢enje softvera (SimPad PLUS
Laerdal) koji meri informacije o kvalitetu kompresija grudnog kosa.
Rezultati. Kada se razmatraju parametri kompresije grudnog kosa,
studenti grupe koja je prosla edukaciju o osnovnoj Zivotnoj podrsci
pokazali su znacajno bolje rezultate u brzini, dubini i procentu do-
voljno dubokih kompresija. Studenti koji su prosli edukaciju poka-
zali su i statisticki znacajnu ve¢u ukupnu uspe$nost kompresija
grudnog kosa. Zakljucak. Rezultati naseg istrazivanja pokazali su
da edukacija uti¢e na kvalitet kompresija grudnog kosa.

Kljuéne redi: sr¢ani zastoj; kardiopulmonalna reanimacija; edu-
kacija; studenti medicine; masaza srca; unapredenje kvaliteta;
lutke; osnovna Zivotna podrska

death in developed countries [1-3]. Whether occurring
in or out of the hospital, the treatment of cardiac arrest
requires the rapid initiation of bystander cardiopul-
monary resuscitation (CPR), with the primary goal of
maintaining blood flow to essential organs, including
the brain and heart. Survival chances increase two to
threefold if CPR is started immediately following the
onset of cardiac arrest [4, 5].

External chest compressions and artificial respira-
tion, the key components of Basic Life Support (BLS),
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Abbreviations

SCA - sudden cardiac arrest

CPR - cardiopulmonary resuscitation

BLS - Basic Life Support

ERC - European Resuscitation Council

ILCOR - International Liaison Committee on Resuscitation
AHA - American Heart Association

ROSC - return of spontaneous circulation

play a critical role in delaying heart and brain damage
in individuals experiencing SCA. These interventions
are designed to sustain vital organ functions until more
advanced medical care can be provided by trained pro-
fessionals. The effectiveness of CPR is largely deter-
mined by the quality of chest compressions, which
depend on proper hand placement, depth, and com-
pression rate. Full chest recoil after each compression
is also crucial to maximize blood flow. Furthermore,
maintaining continuous and uninterrupted compres-
sions is essential for preserving coronary perfusion
pressure, creating optimal conditions for successful
resuscitation [6, 7].

Continuous education and training are necessary
to ensure high-quality CPR. Advances in technology
have led to the development of tools such as software
applications, smartphones, and portable devices,
which are integrated with training manikins to pro-
vide real-time feedback and quantitative assessment
of CPR quality. These innovations aim to enhance the
training process and improve CPR performance by
offering immediate, accurate feedback on technique
and effectiveness [8-10].

The aim of this study is to evaluate the effective-
ness of delivering high-quality chest compressions in
students trained in BLS compared to those without
training.

Material and Methods

This research was conducted at the Educational
Center of the Institute for Emergency Medical Assist-
ance in Novi Sad during November and December
2021. The study was approved by the Director of the
Institute. Participants were first-year medical stu-
dents from the Faculty of Medicine Novi Sad, who
regularly attended first aid exercises. A total of 120
students, of both sexes, were included and divided
into two groups of 60 each. Prior to the study, all
participants were informed in detail about the study’s
objectives, methodologies, and the measurements
involved. Students who declined to participate for any
reason were excluded from the research.

The study included two different groups: the first
group comprised students who had not received any
BLS training, while the second group consisted of stu-

dents who had completed a standard BLS course based
on the 2021 European Resuscitation Council (ERC)
guidelines as part of their first aid curriculum at the
Faculty of Medicine. The training lasted four hours,
focusing on practical application. Following the train-
ing, all participants underwent a formal skills assess-
ment using the Laerdal Resusci Anne QCPR manikin
and the ZOLL AED PRO defibrillator. The interval
between the BLS training and the assessment ranged
from 7 to 10 days.

After a brief introduction to the study equipment,
each participant performed 2 minutes of chest com-
pressions on the Laerdal Resusci Anne QCPR mani-
kin. This manikin, designed specifically for BLS
training, is integrated with the Laerdal SimPad PLUS
software, which monitors and provides real-time
feedback on the quality of chest compressions. Al-
though the software can evaluate both ventilations
and compressions, our study focused solely on chest
compressions.

The data extracted from the software included: the
total number of compressions performed in 2 minutes,
the average compression rate per minute, the percent-
age of compressions delivered at the correct rate, the
average depth of compression, the percentage of com-
pressions that reached sufficient depth, the percentage
of compressions with complete chest recoil, and the
percentage of correct hand placements. The software
then synthesized these parameters into an overall per-
formance score, ranging from 0% to 100%, which re-
flected the quality of the chest compressions. The
evaluation was based on the criteria outlined in the
2021 European Resuscitation Council Guidelines [6].

Data analysis was performed using IBM SPSS Sta-
tistics 23. Descriptive statistics, including mean and
standard deviation, minimum and maximum values,
or median and interquartile range (P25-P75), were
calculated based on the normality of the data distribu-
tion, as assessed by the Shapiro-Wilk test.

Comparisons between the two groups were con-
ducted using either the independent samples Student’s
t-test or the Mann-Whitney U test, depending on the
data’s distribution. Gender differences were evaluated
using the chi-squared (x*) test. Results were presented
in both tabular and graphical formats. A p-value of
less than 0.05 was considered statistically significant.

Results

A total of 120 participants were included in the
study. Statistical analysis revealed a significant gen-
der disparity, with a higher proportion of female
participants (89; 74.2%) compared to male (31; 25.8%)
(x*=28.033, df = 1, p = 0.000). However, no statisti-
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Table 1. *T-test with repeated measurements; Mann-Whitney U test; SD-Standard deviation; IQR- interquartile range:
P25-25. percentile; P75-75. percentile; Bolded values are statistically significant.

Group 1 Group 2 Overall p

Number of compressions
Mean+SD 234.9+32.0 206.5£26.33 220.7£32.5 <0.0001
Min-Max 163-307 150-262 150-307
Mean depth of all compressions (mm)
Median 39.00 44.5 42.5

0.005
IKR (P25-P75) 22 (28-49.8) 13 (37.2-50) 16 (34-51)
Mean speed of all compressions per minute
Mean+SD 118.0£16.2 103.8+12.9 110.9£16.3 <0.0001
Min-Max 82-154 78-131 78-154
Compressions at correct speed (%)
Median 38.5 34 35.5

0.398
IQR (P25-P75) 82 (2-84) 77 (9.2-86.5) 80 (5.2-85)
Correct hand position (%)
Median 100 100 100 0.077
IQR (P25-P75) 0 (100-100) 91 (9.5-100) 23 (77.2-100) )
Compressions with complete chest recoil (%)
Median 37.5 60 55.5 0.084
IQR (P25-P75) 88 (3-91) 76 (17.2-93) 84 (8.5-92.5) :
Sufficiently deep compressions (%)
Median 2 11.5 5.5

0.003
IQR (P25-P75) 41 (0-41.2) 49 (3-51.8) 50 (0-49.5)
Overall success (%)
Median 9.5 25.5 17 0.003
IQR (P25-P75) 54 (0-53.8) 75 (6.5-81.5) 62 (3-64.8)

cally significant difference in gender distribution was
observed between the two groups (X2 =0.174,df =1,
p =0.677).

Table 1 presents a descriptive statistics for the
parameters examined. Only the variables “number
of compressions” and “mean compression depth
(mm)” followed a normal distribution. In the group
of students without Basic Life Support (BLS) training
(Group 1), the number of compressions ranged from
163 to 307, with a mean of 234.9 + 32.0. In contrast,
among the students who received BLS training
(Group 2), the number of compressions was signifi-
cantly lower (t = 5.308; p = 0.000), ranging from 150
to 262, with a mean of 206.5 + 26.33. Additionally,
the mean compression rate per minute was signifi-
cantly lower in Group 2 (103.8 £ 12.9) compared to
Group 1 (118.0 £ 16.2) (t = 5.302; p = 0.000), as shown
in Figure 1.

The mean compression depth among students in
Group 1 was 39 mm, whereas in Group 2, it was sig-
nificantly higher at 44.5 mm (Z = -2.812, p = 0.005),
as depicted in Figure 2.

The percentage of compressions performed at cor-
rect speed did not how a statistically significant dif-
ference between the two groups (Z = -0.846, p = 0.398),
although the median value in Group 1 (38.5%) was
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slightly higher than in Group 2 (34%). Similarly, the
percentage of compressions with complete chest recoil
did not differ significantly between the groups (Z =
-1.726, p = 0.084). In Group 1, half of the participants
achieved 37.5% chest recoil, whereas in Group 2, half
achieved 60%, as illustrated in Figure 3.

There was a statistically significant difference in
achieving adequate compression depth (%) between
students who had not undergone BLS training and
those who had (Z = -2.995, p = 0.003). However, no
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Figure 1. Mean value of the speed of all compressions
per minute



Med Pregl 2024; LXXVII (5-6): 154-159. Novi Sad: maj-juni.

ol An e

| 1

]
Group 1

Mean depth of all compressions (mm)

Group 2
Figure 2. Mean depth of all compressions in mm

T

1 Lz
1 B M

=

plete

chest relaxation (%)

Compressions with com

Grolup 1 Grolup 2

Figure 3. Compressions with complete chest relaxation
(%) per group

1y

faar

Overall performance (%)
|
l

o
= —eq

Group 1 Group 2

Figure 4. Mean value of speed of all compressions per
minute

statistically significant difference was observed be-
tween the groups regarding hand positioning (%) dur-
ing compressions (Z = -1.771, p = 0.077). Overall, par-
ticipants who had completed the BLS course demon-
strated a significantly higher overall success rate (%)
compared to those without prior BLS training (Z =
-2.934, p = 0.003), as illustrated in Figure 4.

Discussion

CPR is a structured set of interventions aimed at
restoring cardiac and respiratory function in individ-
uals who have experienced cardiac arrest or respira-

tory failure. Immediate initiation of CPR at the scene
is vital, following a predefined sequence known as the
“chain of survival”, which has been endorsed by the
European Resuscitation Council (ERC) since 2005 [10].
The first link in the chain involves rapid recognition
of the emergency and immediate activation of emer-
gency medical services to prevent cardiac arrest. Sub-
sequent links focus on early CPR and prompt defibril-
lation, followed by post-resuscitation care strategies to
preserve vital organ function [11]. The 2020 Guidelines
for Cardiopulmonary Resuscitation, based on research
from the International Liaison Committee on Resus-
citation (ILCOR), provide a widely accepted framework
for effective and safe resuscitation practices [12].

Effective chest compressions are crucial for the
survival of cardiac arrest victims [13-17]. The guide-
lines emphasize that high-quality compressions in-
volve maintaining an appropriate rate and depth,
ensuring full chest recoil, and positioning the hands
correctly. Adherence to these parameters correlates
with improved survival rates for both in-hospital and
out-of-hospital cardiac arrest cases [13, 18]. Maintain-
ing the correct rate and depth optimizes blood flow
and oxygen delivery to the heart and brain, enhanc-
ing the likelihood of a return of spontaneous circula-
tion (ROSC) and improving neurological outcomes
at hospital discharge. In contrast, inadequate chest
recoil impedes venous return, reducing mean arte-
rial pressure and compromising perfusion in the
coronary and cerebral circulations [11, 19, 20].

Despite widespread training in CPR, sudden car-
diac arrest remains one of the leading causes of death
in Europe, with resuscitation success rates below 10%
[21]. Continuing education is essential to maintain
and improve CPR skills, which can be enhanced
through regular practice [22]. Technological advance-
ments have transformed medical training with the
introduction of tools such as mobile applications,
smartwatches, and software devices designed to im-
prove CPR training quality [8-10]. Studies consist-
ently show that real-time feedback during CPR im-
proves the depth and rate of compressions in both
novice and experienced individuals [23-26].

This study aimed to evaluate the differences in the
efficiency and quality of chest compressions between
students who had completed a BLS course and those
who had not. Participants performed compressions
on a Laerdal Resusci Anne QCPR manikin connected
to Laerdal’s SimPad PLUS software, which measures
and provides feedback on compression quality. The
evaluation was based on ERC-recommended param-
eters such as compression rate, depth, full chest re-
laxation, and hand positioning. BLS-trained students
demonstrated a statistically lower compression rate
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per minute compared to their untrained peers. How-
ever, their rates remained within the recommended
range of 100 to 120 compressions per minute [13, 18].
The mean compression depth and the percentage of
adequately deep compressions were also statistically
significantly higher among BLS-trained students. Al-
though participants did not achieve the guideline-
recommended minimum compression depth of 50
mm, these results align with other studies conducted
in training settings [27-30]. Vadeboncoeur et al. found
that deeper compressions were associated with better
survival outcomes in out-of-hospital cardiac arrest
patients, with a mean compression depth of 49.8 + 11.0
mm, and the mean rate of 113.9 + 18.1 in min. Survi-
vors had a significantly deeper mean compression
depth (53.6 mm) compared to non-survivors (48.8
mm) [31]. In our study, no significant differences were
observed between the groups concerning chest com-
pression with full recoil and hand position. However,
BLS-trained students had a statistically significantly
higher overall compression success rate, as indicated
by the SimPad PLUS software, which integrates all
performance parameters into a comprehensive score
ranging from 0 to 100%.

This study has several limitations. First, it was con-
ducted using a manikin simulation, which do not
replicate the real-world cardiac arrest situations, where

panic and confusion can influence outcomes. Second,
the study focused solely on chest compressions and
did not consider ventilation, which is a critical aspect
of CPR. Finally, some students in the non-BLS group
may have had prior exposure to CPR techniques
through secondary medical school or first aid cours-
es, potentially influencing their performance.

Conclusion

Our study highlights the vital role of training in
enhancing the quality of chest compressions during
cardiopulmonary resuscitation. Participants trained
in Basic Life Support demonstrated superior perform-
ance in terms of compression rate, depth, and propor-
tion of compressions reaching adequate depth. Ad-
ditionally, those who had completed Basic Life Sup-
port training achieved a significantly higher overall
success rate in delivering effective chest compressions.

Ongoing education and training are crucial for
maintaining proficiency in cardiopulmonary resusci-
tation. Regularly updating and assessing acquired skills
is essential for ensuring competence. Moreover, train-
ing in managing sudden cardiac arrest should extend
beyond health care professionals to include the gen-
eral population, fostering a broader level of competence
and readiness for emergency situations.
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