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Abstract

Background. Each year, thousands of people worldwide suffer from sudden cardiac arrest (CSA) and require
cardiopulmonary resuscitation (CPR). High quality chest compressions with minimal interruption are essential
for successful CPR following a cardiac arrest. The aim of the study was to evaluate the impact of various chest
compression techniques on the quality of cardiopulmonary resuscitation performed by physicians during post-
graduate internship. Material and methods. Participants during the study performed a 2-minute CPR (TrueCPR)
and manual chest compression (MCC). Depth and rate of chest compressions as well as the degree of chest recoil
were analyzed. Results. The median compression depth with MCC was 47 [IQR; 40-49]mm vs. 55 with TrueCPR
[IQR; 51-57]mm (p < 0.001). The chest compression rate was 126 [IQR; 118-130lmm™ for MCC, and 106 [IQR;
102-113] mm™ for TrueCPR (p < 0.001). Percentage of incorrect decompression with MCC was 23 [IQR; 20-41]%
and this result was higher than with TrueCPR - 11 [IQR; 6-15]% (p < 0.001). Conclusions. In a simulated study,
participants were able to perform better chest compressions when using TrueCPR compared to standard manual
chest compressions. Anestezjologia i Ratownictwo 2017; 11: 363-367.
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Streszczenie

Wstep. Each year, thousands of people worldwide suffer from sudden cardiopulmonary arrest (CPA) and
require cardiopulmonary resuscitation (CPR). High quality chest compressions with minimal interruption are
essential for successful CPR following a cardiac arrest. Celem pracy byta ocena wptywu réznych technik uci-
skania klatki piersiowej na jakos¢ resuscytacji krazeniowo — oddechowej wykonywanej przez lekarzy w trakcie
stazu podyplomowego. Material i metody. Podczas badania uczestnicy wykonywali 2-minutowg resuscytacje
krazeniowo-oddechowg z wykorzystaniem TrueCPR (TrueCPR) oraz bezprzyrzadowe uciskanie klatki piersiowe;j
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(MCC). Analizowano glebokos¢ i czestos¢ uciskow oraz stopien relaksacji klatki piersiowej. Wyniki. The median
compression depth with MCC and TrueCPR was 47 [IQR; 40-49]mm vs. 55 [IQR; 51-57]mm (p < 0.001). The chest
compression rate was 126 [IQR; 118-130]mm™ for MCC, and 106 [IQR; 102-113] mm™ for TrueCPR (p < 0.001).
Percentage of incorrect decompression with MCC was 23 [IQR; 20-41]% and this result was higher than with
TrueCPR - 11 [IQR; 6-15]% (p < 0.001). Wnioski. W przeprowadzonym badaniu symulacyjnym, uczestnicy bada-
nia byli w stanie prowadzi¢ wyzszej jakosci uci$niecia klatki piersiowej w przypadku zastosowania urzadzenia
TrueCPR anizeli w przypadku standardowego - bezprzyrzadowego uciskania klatki piersiowej. Anestezjologia

i Ratownictwo 2017; 11: 363-367.

Stowa kluczowe: uciskanie klatki piersiowej, jakos¢, technik, symulacja medyczna

Introduction

The ability to perform cardiopulmonary resusci-
tation is one of the basic skills for medical practitio-
ners. As indicated by numerous studies [1], and the
cardiopulmonary resuscitation guidelines of both
the American Heart Association and the European
Resuscitation Council, the quality of chest compression
during resuscitation is a major factor influencing the
effectiveness of resuscitation and thus the return of
spontaneous circulation [2,3].

The quality of chest compressions is influenced
by the rate of chest compressions, the depth of com-
pression and the degree of chest relaxation after each
compression [4,5]. Despite numerous training sessions,
alarge proportion of rescuers performs chest compres-
sions during resuscitation suboptimally.

As a result, the devices are designed to improve
the quality of chest compression. Among these, we can
list numerous devices that indicate the rate of chest
compressions as well as the depth of compression in
real time, which allows the rescuer to modify the above
parameters to be consistent with the resuscitation
guidelines. An example of such a device is TrueCPR,
which allows continuous monitoring of the quality of
chest compression [6].

The aim of the study was to evaluate the impact of
various chest compression techniques on the quality
of cardiopulmonary resuscitation performed by novice
physicians during postgraduate internship.

Material and methods

= Study group

60 novice physicians participated in the study. The
survey was conducted between June 2017 and August
2017. 38.3% of the study participants were women
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(n =23). The median age of the study participants was
25.5 [IQR, 24.5-25.5] years.

= Chest compression methods used in the study
During the study participants performed car-

diopulmonary resuscitation using two methods of

chest compression:

1. Manual chest compressions (MCC). Chest
compression technique recommended by the
European Resuscitation Council Guidelines 2015.

2. Chest compression using TrueCPR (TrueCPR;
Physio-Control, Inc., WA, USA). TrueCPR uses
Triaxial Field Induction (TFI) technology to
accurately measure the depth of chest compres-
sions in a patient. TrueCPR is made up of two
components: one is laid under the patient’s arm
and the other is on the sternum (figure 1). The
overlay on the chest is enabled with a display
showing the quality of the chest compression,
including the rate of chest compression, the
depth of the compression, and the measure of the
target of the chest relaxation.

In each case, participants did not have any insight
into the parameters indicated by the manikin. In case of
TrueCPR, they could only use the parameters indicated
by the device display.

= Study protocol

Prior to the study, all participants participated
in a 3-minute pediatric resuscitation training (CPR)
based on the current AHA 2015 guidelines [7]. At
the end of the training, the instructor demonstrated
the correct cardiopulmonary resuscitation and
respiratory resuscitation using the TrueCPR system.
Study participants practicing resuscitation with each
method to ensure they were familiar with the correct
use of the devices.
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In order to simulate the patient, the Advanced
Skill Trainer (Laerdal, Stavanger, Norway) was used
to train advanced resuscitation. During the test, the
manikin was placed in a back position on a hard surface
in a well-lit room.

Figure 1. TrueCPR feedback device

Participants in the target study were asked to per-
form a 2-minute cardiopulmonary resuscitation of the
child. Both participants order and chest compression
methods were randomly assigned. For this purpose,
ResearchRandomizer was used to divide participants
into two groups. The first group started performing
CPR (MCC), the second using the TrueCPR. After
a 2 minute scenario, participants had a 20-minute
pause, followed by CPR with another technique of
chest compression.

= Measurements and statistical analysis

The measurement included parameters such as
the depth of chest compressions (mm), the frequency
of chest compressions per minute, the percentage of
correctly performed chest relaxation. In addition,
participants were asked to evaluate which chest com-

TableI.  Chest compression parameters
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pression technique the would choose in real resuscita-
tion settings.

Results

Overall, only 56.5% of correct chest compressions
were performed when resuscitation was performed
without TrueCPR, which significantly increased to 87%
with TrueCPR feedback device. Median compression
depth and compression rate were within the recom-
mended range in control group.

In the case of TrueCPR use, the median depth of
chest compressions was 55mm [IQR; 51-57]. The differ-
ence in the median depth of chest compressions with
and without TrueCPR was statistically significant (p
< 0.001). The rate of chest compressions was 106 [IQR;
102-113] min™ in case of using TrueCPR, and in the
case of manual chest compression was 126 [IQR; 118-
130] min™ (figure 2).

Chest compressions were performed on an incor-
rect compression point in 23 [IQR; 20-41]% in the
manual chest compression group, which is significantly
more than in the TrueCPR® (p < 0.001) (table I).
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Figure 2. Median chest compression rate

Chest compression

Without TrueCPR

parameters (TrueCPR) With TrueCPR (MCC) p value
Correct chest compressions (%) 56.5 [IQR; 50-59] 87 [IQR; 71-90] P < 0.001
Compression depth (mm) 47 [IQR; 40-49] 55 [IQR; 51-57] P < 0.001
Compression rate (min™) 126 [IQR; 118-130] 106 [IQR; 102-113] P < 0.001
Incorrect decompressions (%) 23 [IQR; 20-41] 11 [IQR; 6-15] P < 0.001
Incorrect pressure point (%) 0 [IQR; 0-0] 1 [IQR; 0-2] NS
NS = Not statistically significant
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Discussion

Guidelines of both the American Heart Association
and the European Resuscitation Council place great
emphasis on the quality of chest compressions [7,8].
The guidelines recommend that the chest should be
compressed at a rate of 100-120 compressions per
minute, however, as many simulation studies show,
alarge proportion of staft perform chest compressions
at frequencies exceeding 120/min™ [9]. Too high chest
compression rate may lead to excessive fatigue of the
rescuer, and thus lead to insufficient chest compression
and more in the Alderman studies [10], it was shown
that chest compressions with a frequency of approxi-
mately 90min™ are the most optimal for achieving
normal perfusion pressure.

In the study, the difference in chest compressions
in the examined groups was statistically significant. By
using a feedback device providing the feedback on the
quality of chest compressions (TrueCPR), the partici-
pants were able to correct the rate of chest compression
to be within the resuscitation guidelines.

Another aspect contributing to the quality of
chest compressions is the depth of the compression
that directly affecting the degree of perfusion through
mediastinal compression and thus pressing the blood
from the myocardium into the peripheral blood vessels
[11,12]. Also in this aspect, the depth adjustment in case
of using TrueCPR resulted in a more accurate depth of
chest compressions. The use of CPR feedback devices
has also been recognized by other researchers who
noticed significant improvement in chest compression
using this type of device. Also, both the compression/
relaxation ratio and the degree of full chest relaxation
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affect the quality of the organ perfusion obtained [13].
In the case of incomplete chest relaxation there is no
possibility to ensure large differential pressure in the
chest which is a “driving force” that forces blood to
circulate [14].

The study has several limitations. Firstly, the study
was performed under medical simulation conditions
and not in real cardiac arrest settings, but in real life,
it would be impossible to measure specific parameters
and the lack of resuscitation activities can impede the
quality of resuscitation, including delays in life-saving
procedures. The second limitation is the research
group of 60 novice physicians, the choice was deliber-
ate - the novice physicians completing the Medical
University should have practical knowledge and skills
in cardiopulmonary resuscitation for both adults and
pediatric patients.

Conclusions

In a simulated study, participants were able to per-
form better chest compressions when using TrueCPR
compared to standard manual chest compression.
Further studies are needed to verify the results.

Conflict of interest
None

Correspondence address:

[=] Wojciech Wieczorek

Polish Society of Disaster Medicine

52, Parkowa Str., 05-806 Pecice Male, Poland
& (+48) 692 423 119
Ewieczorek.wojciech.pl@gmail.com

. Cobb LA, Fahrenbruch CE, Walsh TR, Copass MK, Olsufka M, Breskin M, et al. Influence of cardiopulmonary resuscitation prior to

defibrillation in patients with out-of-hospital ventricular fibrillation. JAMA. 1999 Apr 7;281(13):1182-8.
2. Singletary EM, Charlton NP, Epstein JL, Ferguson JD, Jensen JL, MacPherson Al etal. Part 15: First Aid: 2015 American Heart Association
and American Red Cross Guidelines Update for First Aid. Circulation. 2015 Nov 3;132(18 Suppl 2):S574-89. doi: 10.1161/

CIR.0000000000000269.

3. Perkins GD, Handley A]J, Koster RW, Castrén M, Smyth MA, Olasveengen T, et al. Adult basic life support and automated external
defibrillation section Collaborators. Resuscitation. 2015 Oct;95:81-99. doi: 10.1016/j.resuscitation.2015.07.015.

4. Gyory RA, Buchle SE, Rodgers D, Lubin JS. The Efficacy of LUCAS in Prehospital Cardiac Arrest Scenarios: A Crossover Mannequin
Study. West ] Emerg Med. 2017 Apr;18(3):437-445. doi: 10.5811/westjem.2017.1.32575.

5. Youngquist ST, Scheppke KA, Pepe PE. Supportive technology in the resuscitation of out-of-hospital cardiac arrest patients. Curr Opin
Crit Care. 2017 Jun;23(3):209-214. doi: 10.1097/MCC.0000000000000409.



Anestezjologia i Ratownictwo 2017; 11: 363-367

10.

11.

12.

13.

14.

Nauka praktyce / Science for medical practice

. Kurowski A, Szarpak %, Bogdanski L, Zasko P, Czyzewski L. Comparison of the effectiveness of cardiopulmonary resuscitation with

standard manual chest compressions and the use of TrueCPR and PocketCPR feedback devices. Kardiol Pol. 2015;73(10):924-30. doi:
10.5603/KP.a2015.0084.

. de Caen AR, Berg MD, Chameides L, Gooden CK, Hickey RW, Scott HF, et al. Part 12: Pediatric Advanced Life Support: 2015 American

Heart Association Guidelines Update for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation. 2015 Nov
3;132(18 Suppl 2):5526-42. doi: 10.1161/CIR.0000000000000266.

. Maconochie IK, Bingham R, Eich C, Lépez-Herce J, Rodriguez-Nufiez A, Rajka T, et al. Paediatric life support section Collaborators.

European Resuscitation Council Guidelines for Resuscitation 2015: Section 6. Paediatric life support. Resuscitation. 2015 Oct;95:223-48.
doi: 10.1016/j.resuscitation.2015.07.028.

. Fried DA, Leary M, Smith DA, Sutton RM, Niles D, Herzberg DL, et al. The prevalence of chest compression leaning during in-hospital

cardiopulmonary resuscitation. Resuscitation. 2011 Aug;82(8):1019-24. doi: 10.1016/j.resuscitation.2011.02.032.

Alderman JE, Owen A. How fast is too fast? Chest compression rate revisited from a new perspective. Resuscitation. 2016; 110:A1-A2.
Yuksen C, Prachanukool T, Aramvanitch K, Thongwichit N, Sawanyawisuth K, Sittichanbuncha Y. Is a mechanical-assist device better
than manual chest compression? A randomized controlled trial. Open Access Emerg Med. 2017 Aug 29;9:63-67. doi: 1 0.2147/OAEM.
S133074.

Oh JH, Kim CW. The result of emphasizing the chest compression depth during cardiopulmonary resuscitation training. Am ] Emerg
Med. 2017 Jul 31. pii: S0735-6757(17)30646-0. doi: 10.1016/j.ajem.2017.07.097.

Jung MH, Oh JH, Kim CW, Kim SE, Lee DH, Chang WJ. Does accelerometer feedback on high-quality chest compression improve
survival rate? An in-hospital cardiac arrest simulation. Am ] Emerg Med. 2015 Aug;33(8):993-7. doi: 10.1016/j.ajem.2015.04.016.
Contri E, Cornara S, Somaschini A, Dossena C, Tonani M, Epis F, et al. Complete chest recoil during laypersons” CPR: Is it a matter of
weight? Am ] Emerg Med. 2017 Sep;35(9):1266-1268. doi: 10.1016/j.ajem.2017.03.060.

367



