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ABSTRACT

INTRODUCTION: The witness of the event plays an important role in the diagnosis of cardiac arrest in the
victim. Taking quick actions to restore basic life functions is the essence of pre-hospital assistance, and this
applies not only to civilian conditions but also to combat operations. During extraordinary occurrences and
civil-military cooperation, the soldier’s physical fitness and the ability to perform cardiopulmonary resus-
citation effectively give a better chance to save the cardiac arrest victim's life. The study aimed to assess
the quality of cardiopulmonary resuscitation (CPR) performed by soldiers before and after physical activity,
taking account of smoking by the examined persons.

MATERIAL AND METHODS: Fifty-four soldiers took part in the study. The assessment included a 2-minute CPR
performance by the soldier before and after physical activity in the Tactical Field Care zone. The Little Anne
phantom was used to record CPR quality. Among the examined soldiers, 20% were active smokers.

RESULTS: The research showed that the average CPR effectiveness before exercise was significantly higher
than after combat operations (75% vs. 73%). The research also demonstrated that, physical fatigue signifi-
cantly reduced the rate of chest compressions and the percentage of full chest recoil during CPR. Smoking
had no significant effect on the quality of CPR performance. The quality of performance of the CPR compo-
nents correlated with Body Mass Index (BMI), age, and time since the last training completion.

CONCLUSIONS: The quality of CPR performance after combat exercise is lower than before the physical fa-
tigue. While smoking does not affect CPR performance quality, other factors such as BMI, age, and time since
the last training completion are relevant in this context.
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INTRODUCTION not only to civilian conditions but also to com-
The witness of the event plays an important role in bat operations.
the diagnosis of cardiac arrest in the victim. Taking The increase in the victim’s cardiac arrest survival
quick actions to restore basic life functions is the rate is determined by starting cardiopulmonary re-
essence of pre-hospital assistance, and this applies suscitation (CPR) as soon as possible.
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According to the European Resuscitation Coun-
cil (ERQC), the highest effectiveness of resuscitation
is influenced by the correct depth, frequency, and
quality of compressions. Equally important is the
appropriate amount of air forced until the chest rises
noticeably, as well as the shortest possible intervals
between compressions and ventilation and the lack
of prolongation of ventilation [1]. CPR, especial-
ly if administered immediately after cardiac arrest,
can double or triple a person’s chance of survival.
Therefore, the authors point to the essence of al-
most immediate cardiopulmonary resuscitation in
pre-hospital conditions as an important aspect of
survival in people in cardiac arrest [2, 6].

The algorithms, which include but are not lim-
ited to civil medicine, determine that the sequence
and importance of procedures play a significant role
in the effectiveness of rescue operations. These algo-
rithms are developed by various institutions among
which are the International Liaison Committee on
Resuscitation and ERC [1, 7]. Also, the first aid pro-
cedure performed by persons without medical qual-
ifications should be based on the latest guidelines
which are clearly defined.

Military medicine is developing as dynamically as
civil medicine. Its advancement concerns both pro-
cedures and algorithms of the procedure.

The Tactical Combat Casualty Care Committee
defined the standards of conduct in the tactical envi-
ronment for soldiers, which were first implemented
in 1996. These standards include the rules of dealing
with the injured in combat conditions. This proce-
dure depends both on the external environment and
the type of victim’s injuries. The purpose of these
standards is to reduce the number of preventable
deaths on the battlefield. According to the assump-
tions of tactical medicine, CPR can be performed in
the field phase of care for the injured, as long as the
casualty has not suffered fatal wounds [8, 9].

Despite the different priorities between civil and
military rescue, it is not about who will perform CPR,
but whether it is effective. Civil-military cooperation
is an indispensable element to increase the effective-
ness of rescue operations.

The Armed Forces take part in combating natural
disasters, eliminating their effects, activities in the
field of property, search and rescue operations, in
which the essence is saving life and health. Being
able to perform CPR is one of the essential aspects
of providing aid. Therefore, it can be concluded that
this is one of the biggest priorities among the tasks

carried out in rescue operations performed in both
civil and military environments.

Rescue operations often occur during extraor-
dinary events; hence, their speed and efficiency are
decisive for action success. During extraordinary oc-
currences and civil-military cooperation, the soldier’s
physical fitness and the ability to perform cardiopul-
monary resuscitation effectively give a better chance
to save the cardiac arrest victim'’s life.

To our knowledge, no studies have been con-
ducted so far that would determine the quality of
CPR performance by a soldier, especially after com-
pleted activities in the Care Under Fire zone and the
evacuation of the victim to the Tactical Field Care
zone. Such studies are also extremely rare among
civilian rescue services.

This study aimed to assess the CPR quality car-
ried out by soldiers before and after operations in
the danger zone, taking into consideration their
smoking habits.

MATERIAL AND METHODS

Study group

Fifty-four soldiers from the Military University of
Land Forces in Wroctaw participated in the research.
As an inclusion criterion in the study for the soldiers
was a first aid course, including resuscitation exer-
cises or qualified first aid courses completed within
the last three years.

Study design

The Little Anne manikin connected with the Laerdal
PC SkillReporting software (Laerdal, Norway) was
used as a research tool to assess the quality of
CPR performance, allowing for the recording of all
quality parameters such as CPR effectiveness, chest
compression rate, full chest recoil, and chest com-
pression and ventilation fraction.

The enrolled soldiers also completed a question-
naire providing information about their age, military
rank, height, body weight, smoking, and time since
the last first aid training data. The resting heart rate
and heart rate after physical effort were measured
using a Sanitas heart rate monitor.

The tests were performed before and after phys-
ical exertion. After completing the questionnaire
and measuring the heart rate while resting during
classes, participants started performing CPR on the
manikin for the duration of 2 minutes.
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Table 1. Characteristics of the study group by smoking status, median (min-max)

Active smokers Non-smokers
n=11 n =43 p
Age [years] 27 (25-30) 27 (24-33) NS
BMI [mz/kg] 23.70 (22.94-26.54) 23.75(19.87-25.92) NS
Time since the last training [months] 7 (2-8) 7 (4-36) NS
Resting heart rate [beats/min] 67 (61-73) 62 (54-78) 0.012
Heart rate after effort [beats/min] 171 (156-183) 163 (128-184) 0.021

p <0.05; BMI — Body Mass Index

Table 2. Comparison of the cardiopulmonary resuscitation quality parameters before and after physical activity,

median (min-max)

Parameter Values before the physical activity | Values after the physical activity o
n=>54 n=>54

CPR effectiveness [%] 75 (29-94) 73 (13-98) 0.015

Chest compression fraction [%] 71.5(20-87) 72.5 (25-88) NS

Chest compression rate [n/min] 119 (100-134) 119.5 (102-136) 0.001

Full chest recoil [%] 33 (3-99) 31 (5-99) 0.005

Ventilation fraction [%] 76 (21-100) 76 (34-100) NS

p <0.05; CPR — cardiopulmonary resuscitation

The same group of soldiers had combat opera-
tions during tactical exercises at the training ground
a few days later. After the actions carried out in
the Care Under Fire zone, i.e., securing a hemor-
rhage from an injury to the lower limb using the
Combat Application Tourniquet (CAT), the four-sol-
dier groups were tasked to evacuate the injured
person on mesh stretchers as rapidly as possible
to the Tactical Field Care zone. Each of the teams
had a 200-meter distance to cover as part of the
evacuation, in a grass-sand training ground. After
arriving at the Tactical Field Care zone, the soldiers’
heart rate was measured and they started to per-
form a 2-minute cardiopulmonary resuscitation on
the manikin.

Ethical approval was obtained from the Military
University of Land Forces in Wroclaw review board
(approval number 149/\WWNB/68/DzS).

Statistical analysis

The result distribution normality was estimated us-
ing the Kolmogorov-Smirnov test; the non-para-
metric Mann-Whitney U test was applied to analyze
the findings in the groups of independent variables
and the Wilcoxon paired test was used for the
group of dependent variables. Spearman’s rank cor-
relations were used to assess the relationships. The

statistical analysis was performed with the Statistica
v. 13 program.

RESULTS

Table 1 shows the characteristics of the study group,
taking their smoking habits into account. Only 20%
of the surveyed soldiers declared smoking. The av-
erage age in both groups was 27 years, while Body
Mass Index (BMI) oscillated around the upper limit
of normal — 23 kg/m?. The vast majority of the
surveyed soldiers underwent first aid training six
months before the tests.

The heart rate was statistically significantly lower
both before and after exercising in non-smokers
compared to smokers.

Table 2 compares the CPR quality parameters
before and after the physical fatigue in the study
group. Effort during tactical operations significantly
reduced the CPR effectiveness and full chest recoil
as well as increased the rate of chest compres-
sions compared to the results before physical ef-
fort. The average rates of chest compressions both
before and after the physical activity fell within the
ERC's quantitative standards. For the other assessed
parameters, post-combat exercise did not affect
the results.
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Table 3. Comparison of the cardiopulmonary resuscitation quality parameters before and after physical activity

depending on smoking status, median (min-max)

Smokers Non-smokers
n=11 n =43 P
CPR effectiveness [%)]
Before effort 75 (32-93) 75 (29-94) NS
After effort 75 (30-98) 71 (13-90) NS
Chest compression fraction [%]

Before effort 71 (52-81) 72 (20-87) NS
After effort 76 (62-82) 72 (25-88) NS
Chest compression rate [n/min]

Before effort 120 (100-134) 118 (104-132) NS
After effort 121 (102-136) 119 (105-132) NS

Full chest recoil [%]
Before effort 30 (16-89) 34 (3-99) NS
After effort 30 (14-83) 31 (5-99) NS
Ventilation fraction [%)]
Before effort 78 (59-91) 75 (21-100) NS
After effort 81 (71-100) 75 (34-100) NS

CPR — cardiopulmonary resuscitation

Table 3 compares the CPR quality parameters
before and after effort, depending on smoking hab-
it. Besides the percentage of full chest recoil, lower
values of the assessed CPR quality parameters were
observed in the group of non-smoking soldiers than
in the smokers’ group. However, the observed differ-
ences were not statistically significant.

The statistical analysis (Tab. 4) showed a signifi-
cant negative correlation between the CPR effective-
ness before the effort and time since the last train-
ing, and a positive correlation of full chest recoil rate
and the ventilation fraction before effort with BMI.
After the effort, only BMI positively correlated with
the ventilation fraction. The strong positive correla-
tion between the average rate of chest compressions
and the examined soldiers’ age was observed only
among smokers.

DISCUSSION
Cardiac arrest is one of the leading causes of death
worldwide [10, 11]. The out-of-hospital sudden car-
diac death affects a large number of victims in Po-
land. According to the latest studies, in 2018 a total
of 26,783 CPR attempts were performed in pre-hos-
pital conditions [12]. In many countries, for several
years, the emphasis has been placed on training that

includes the ability to perform effective CPR both
among medical staff and non-medical witnesses of
the event [6, 13-15].

Research results indicate that the optimization
of procedures plays a key role in saving the lives of
patients who have had a cardiac arrest [11]. The
importance and impact of the quality of CPR and
its parameters on the survival of patients are also
emphasized [16-19].

The few studies conducted so far indicate that
firefighters and police officers can carry out effective
CPR [20, 21]. The lack of evaluation of soldier-led
CPR effectiveness in the current scientific studies
indicates a gap in this research area and the need to
explore the subject. Every soldier should be skilled at
successfully performing CPR.

The presented study focuses on the assessment
of CPR effectiveness, inter alia, because in a situation
where resuscitation is possible, the soldier should
undertake it. They should also use these skills dur-
ing civil rescue operations. In the available studies,
the authors present many proposals for assessing
the CPR quality, but so far no single, universal, and
widely accepted indicator of the quality of resusci-
tation has not been developed and applied [22]. In
the present study, the common parameters such as
chest compression rate, full chest recoil, and chest
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Table 4. Statistically significant correlations between the characteristics of the studied group and the cardiopulmonary
resuscitation quality parameters

Before effort — all study participants (n = 54)

CPR effectiveness vs. time since the last training -0.28 0.041
Full chest recoil vs. BMI 0.32 0.018
Ventilation fraction vs. BMI 0.30 0.029

After effort — all study participants (n = 54)

Full chest recoil vs. BMI

| 032 | 0.020

Before effort — smokers (n = 11)

Chest compressions rate vs. age

| 0.65 | 0.030

p <0.05; CPR — cardiopulmonary resuscitation; BMI — Body Mass Index

compression and ventilation fraction were used to
assess the CPR quality.

Before physical exertion, the values of CPR quali-
tative parameters in the surveyed soldiers were very
similar to those obtained by medical staff concern-
ing full chest recoil, chest compression fraction, and
chest compression rate, however, it should be noted
that the studies differed in the length of time con-
ducting CPR [23-27].

Physical effort during combat operations sig-
nificantly decreased both the effectiveness of CPR
and the percentage of full chest recoil and caused
an increase in the number of chest compressions
among the examined soldiers (Tab. 2). Similar results
are presented in the study by Barcal-Furelos et al.
[28], where the lifeguards’ CPR effectiveness before
and after the rescue operation was assessed. Other
studies have also shown a significant effect of phys-
ical performance on the quality and duration of CPR
[29]. However, our research did not show significant
differences between the quality of compressions
or rescue breaths performed before exercise ver-
sus those after combat operations. Both parameters
were within the ranges of effectiveness, although
their level was not the highest.

In the assumption of our study, the smoking habit
was selected as a factor that may affect the effec-
tiveness of CPR. Statistical analysis of the obtained
results showed that smoking did not affect the CPR
quality and effectiveness (Tab. 3). The reason for such
observation may be the fact that the study was con-
ducted on a group of age-homogeneous young men,
whose smoking had not yet had an impact on the
physical performance or the possible changes were
masked by regular aerobic and anaerobic training.
However, observations published by other authors in-

dicate that the smoking habit in young men reduces
the results achieved in physical fitness tests [30-32].
Even though smoking did not affect the CPR effec-
tiveness, the heart rate was significantly lower in the
non-smoking group compared to smokers, both at
rest and after physical effort (Tab. 1). Other authors
obtained similar observations, although their research
was conducted only during the rest [33].

Chest compressions are an important part of
life-saving activities, especially when defibrillation is
impossible [34]. The conducted research shows that
the Body Mass Index (BMI) value positively correlat-
ed with the percentage of complete compressions
both during resting and after exercising (Tab. 4).
Hong et al. [35] presented similar findings where
overweight or obese subjects (BMI above 25 kg/m2)
had better compression quality. Almost all our study
participants had normal BMI and a high level of
physical fitness as a result of regular strength exer-
cises (unpublished data). Similarly, other authors’
studies have shown that strength training benefits
CPR effectiveness [36, 37].

The results of our study indicate that the smok-
ing soldiers’ age was positively correlated with the
average number of compressions (Tab. 4). Hong
et al. [35] in their study also found a relationship
between the age of the person performing CPR
and the effectiveness of compressions. The statis-
tical analysis of the obtained results also showed
a negative correlation between the time that has
passed since the last training and the effectiveness
of CPR (Tab. 4). The results of our research coincide
with the observations of other authors who indicate
that the quality and effectiveness of CPR depends
on factors such as training, fatigue, technique, and
awareness [38].

134 www.journals.viamedica.pl



Beata Zysiak-Christ, Joanna Pieczynska, Effect of fatigue and smoking on CPR effectiveness

It seems that there is a need to practice CPR more
often than one phantom training seven month ago,
which will allow the development of muscle mem-
ory that affects the quality of CPR performance in
real activities. As the results of our research show,
a soldier performing operations in combat con-
ditions can effectively carry out CPR, even if CPR
is performed after activities that increase fatigue.
To our knowledge, the authors’ pilot study is the
first observation made on this topic. In the author’s
opinion, it is necessary to continue the research with
the participation of a larger number of soldiers and
an extended range of parameters (varied weather
conditions, different topography). Thanks to this, it
will be possible to identify elements of CPR training
that require the special commitment of the student
to achieve maximum CPR effectiveness.

Limitations of the study

The conducted study has several limitations. The
study group was relatively small and consisted only
of men in a narrow age range, which could have
impacted the results obtained. Likewise, informa-
tion on the number of cigarettes smoked per day
and the smoking period length could refine the
obtained data.

CONCLUSIONS
The effectiveness of CPR after exercise under com-
bat conditions decreases compared to conditions
that do not require physical effort. The quality of
CPR performance is influenced by factors such as
BMI, age, and time since last training, but not by
smoking habits.
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