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INTRODUCTION: The effectiveness of cardiopulmonary resuscitation depends primarily on the actions taken at the scene.
Firefighters are often the first ones to help the injured. The quality of their rescue efforts in such case determines the subsequent
prognosis for the patient. Nevertheless, the tasks of firefighters also involve activities associated with a lot of physical activity,
which can cause them to lose strength faster during CPR. The aim of the study was to assess the impact of fatigue on the quality
of CPR performed by firefighters.

MATERIALS AND METHODS: The study group consisted of 100 firefighters of volunteer firefighting units in the Siedlce poviat in
Poland. The study was divided into three stages: | - performing chest compressions in a timed regime, Il - subjecting the study
group to uniform physical activity, Il - reassessing the quality of chest compressions. The effectiveness of CPR was analyzed
using a computer system and a professional training model. To analyze the variables, the normality of the distribution was
determined using the Shapiro-Wilk test, and then the non-parametric test for uncorrelated variables Mann-Whitney U was used.
Correlations were tested using the r-Pearson test at p<0.05 significance.

RESULTS: The study group consisted of 93 men and 7 women, with a mean age of M=30.84 (SD + 10.95). The respondents
mostly had secondary education (42%) and vocational education (24%), with the majority (54%) declaring their marital status as
single. Firefighters with varying ranks, including commanders, chiefs and presidents, participated in the study. The overall quality
of chest compressions was lower each time after physical activity, at each analyzed minute of stage | and stage Ill (minute 1:
84.56% vs. 81.68%, p=0.281; minute 2: 81.13% vs. 80,25%, p=0,558; minute 3: 81.91% vs. 77.78%; p=0.243). A significantly
higher quality of chest compressions was observed among men compared to women, both before fatigue (p=0.019) and after
physical activity (p=0.053). Participants in the >53 age group had the best resuscitation scores in both during fatigue (90.78%)
and before physical activity (90.83%). There was no significant correlation with rank or function of firefighters. Among the
parameters of chest compressions evaluated in the third minute, the greatest effect of fatigue was shown in the aspect of the
compression rate (59.42% vs. 49.20%) and depth (71.61% vs. 67.86%).

CONCLUSIONS: Physical fatigue of firefighters results in moderate decrease in the effectiveness of chest compressions,
especially in terms of the rate and depth of compressions. The overall quality of chest compressions is significantly higher in men
than in women both before and after physical activity. The experience of firefighters can translate into the quality of resuscitation,
regardless of their age.

KEY WORDS: Resuscitation, chest compressions, firefighter, fatigue, quality.
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Members of Volunteer Fire Departments (VFDs) have top-down tasks, which include fighting fires,
eliminating local hazards, as well as a wide range of rescue operations — including water and medical
rescue. Firefighters are certified in the field of qualified first aid (QFA). Qualified first aid - according to
Article 3 pt. 2 of the Polish Law of September 8, 2006 on State Emergency Medical Services (Dz. U. -
Polish Journal of Laws of 2006 No. 191 item 1410) - is defined as "actions taken towards a person in a
state of emergency by a rescuer" [1]. Firefighters are very often the first ones on the scene, which certainly
affects the need to improve their emergency medical skills as a support to the State Fire Service (SFS) and
emergency medical service (EMS) teams. During a mass casualty incident or disaster, firefighters have the
ability to perform initial medical segregation thanks to additional skills. The most important goal of the QFA
training of members is to prepare the participating rescuers for their rescue operations, up to the point of
handing over the injured person to the emergency medical team. Only VFD units included in the national
rescue and firefighting system can carry out medical rescue tasks at the basic level (i.e. QFA). Firefighter-
rescue worker job is characterized by extremely high risk level, so those who choose such a career path
should have a high level of mental and physical fitness, as well as high resistance to stress. Situations in
which firefighters are very often put, require them to react quickly, a great deal of prudence, a lot of mental
toughness and appropriate behavior towards the injured in any situation. Candidates are required not only
to be medically fit, but also to have exceptional mental and physical fitness, therefore only people with a
balanced psyche, strong physique, and who are fully healthy and fit are admitted to the profession [2].
Fitness of the skeletal, muscular, circulatory and, above all, respiratory systems is also very important when
working wearing air breathing apparatuses. It is also important to have a high degree of hearing, vision,

touch and smell [3].

Most of the listed characteristics have a major impact on the quality of cardiopulmonary
resuscitation (CPR), which can be a key factor in achieving positive clinical outcomes following sudden
cardiac arrest (SCA). According to the definition, CPR is "the actions by which breathing (with a palpable
pulse) or breathing and circulation are restored in a casualty" [4]. When considering the activities performed

in CPR, several factors that affect the quality of CPR can be listed:

¢ Depth of chest compressions — should be 5 - 6 cm; when compressions are too deep, the risk of
complications (rib or sternum fractures) increases, while the effectiveness of CPR is reduced when
they are too shallow.

o Chest compression rate — is 100-120 compressions per minute; there is a risk of reduced survival
rates for casualties below this level.

o Place of compressions — the European Resuscitation Council's ILCOR recommendations provide
information on teaching compressions at the center of the chest with the position of the hands in the

lower half of the sternum.

© 2023 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/

DO
S J b o 2
SNz T -2-
OCy — poRAPY



WWW.Ci

ticalcareinnovations.eu doi:10.32114/CCl1.2023.6.4.1.10

Proper position of the rescuer — straight arms, not bent at the elbows, positioned perpendicular to
the chest.

Hard surface when performing CPR — with a soft surface, both the chest and the surface beneath
the casualty (such as a mattress) are compressed, which can lead to a decrease in the actual depth
of compressions.

Impact of change cycles — high intrathoracic pressure results in reduced coronary perfusion, while
incomplete decompression occurs when complete chest relaxation cannot occur in the moment
before the next compression is initiated, which is often seen as an effect of rescuer fatigue.

Limiting interruptions — when performing chest compressions, there is a high risk of distraction,
and rescuer fatigue is also an additional factor in prolonging interruptions; the frequency of chest
compressions. Microcirculation and coronary vascular perfusion decrease over time, and according
to the literature, there is a significant decrease after 2 minutes of CPR, so any interruptions (e.g., for
ventilation, rhythm control, or airway clearance) affect the decrease in perfusion and, consequently,
the effectiveness of CPR.

Effect of ventilation rate — implementation of an adequate compression-to-ventilation ratio (30:2)
is associated with better neurological outcomes in adult patients and higher survival rates than
when a ratio (15:2) is used.

Psychophysical condition of the rescuer — fatigue of the rescuer compromises the quality of
CPR performed (compressions that are too shallow, or low chest compression rates, prolonged

pauses between compressions and rescue breaths, or pauses during the rescuer's shift cycle) [5,7].

There are many factors that improve the quality of CPR, with a significant role played by the

rescuer's adequate psychophysical state. Therefore, firefighter's fatigue while performing CPR can

compromise the effectiveness of chest compressions.

The purpose of the study was to investigate the effect of firefighter fatigue on performing effective

chest compressions before and after significant physical activity of firefighter, and to identify technical

problems in the performance of chest compressions under fatigue. Sociodemographic factors were also

analyzed by conducting correlations of variables.

The study was conducted on a sample of 100 firefighters of volunteer firefighting units (VFDs) in the

Siedlce district of Poland. The study was divided into three stages:

1. performing chest compressions (visual and computer evaluation of parameters after 1, 2 and 3

minutes),

2. physical activity in the form of running 200 m with an air breathing apparatus in a specific time

regime,

© 2023 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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3. re-performing chest compressions with visual and computer evaluation of resuscitation

parameters after 1, 2 and 3 minutes.

The inclusion criteria were informed consent of the subjects and completion of all stages. The study
was approved by the Research Ethics Committee of the University of Siedice under Resolution No.
28/2022 dated November 16, 2022.

An original sociodemographic study questionnaire with 8 questions was used as a research tool, as
well as a CPR quality assessment form. A model with the LLEAP software for SimPad was used to perform
the practical test, and then the readout results were put into a specially constructed form to evaluate pre-
and post-exercise activities. Subsections 1 through 3 provided scoring possibilities on a 0-1 scale, while

subsections 4 through 8 provided percentage scores. The evaluation included:

the correct position for performing chest compressions;
compressions performed with the palm of the hand;
unjustified interruption of chest compressions;

overall compression quality [%];

compression rate [%];

compression frequency [%]

compression depth [%];

compression relaxation [%];

© © N o gk 0w N =

compression site location [%].

To analyze the statistical results, the normality of the variable distribution was determined using the
Shapiro-Wilk test, and then the non-parametric Mann-Whitney U test for unrelated variables was used.
Correlations between variables were tested using the r-Pearson test. All the results were considered
relevant at p<0.05.

Characteristics of the study group

The study included 100 subjects, including 93 men and 7 women, whose mean age was M=30.84
(SD £ 10.95).

The marital status was as follows:
- single: 54% (n=54);

- married: 44% (n=44);

- divorcee: 1% (n=1)

- Widow/widower: 1% (n=1)

© 2023 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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The vast majority of participants (98%) identified rural areas as their place of residence. Most
declared secondary education (42%) and vocational education (24%). Among the remaining participants,
undergraduate (16%), elementary (11%) education and master's (7%) degree were also indicated. During
the study, the respondents were most often employed on an employment contract (63%), a contract (7%), a
specific task contract (4%), and a commission agreement (3%). One in five respondents described their
status as unemployed (20%), two of whom were looking for work. Among the participants, there were 54
firefighters, 8 senior firefighters, 5 group commanders, 5 section commanders, 3 platoon commanders, 1

audit committee chairman, 12 board members, 2 deputy chiefs, 6 chiefs and 4 VFD presidents.

Effectiveness of chest compressions

The authors verified nine quality parameters of chest compressions before (Figure 1) and after

physical activity (Figure 2). The results of these tests are shown in Figures 1 and 2.
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Figure 2. Quality of chest compressions after physical activity.
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The analysis shows that the parameter of correct position during chest compressions measured
both before and after physical activity was performed correctly by all subjects (100%). The average score of
each firefighter in the aspect of hand positioning before the activity was 98%, with 100% indicated in the
first and third minute, and 98% in the second minute. When taking into account the avoidance of
interruptions in compressions, it averaged 96% in the stage before physical activity in the first and second
minutes, and 98% in the third minute. As a result of fatigue, the score in each successive minute increased
by 1 percentage point starting at 98% and ending at 100%. Analysis of the overall compression quality
indicated that the average score was 84.56% in the stage before physicial activity during the first minute,
81.13% in the second minute and 81.91% in the third minute (Figure 3). After fatigue, the percentage was
lower, with a decrease in quality compared to the first measurement, starting at 81.68% (p=0.281), through
80.25% (p=0.558), ending at 77.78% (p=0.243) in the third minute. The mean overall quality score of chest
compressions was found to be statistically significantly higher in men (83.78%) than in women (65.90%) at
the stage before physical activity (p=0.019), and borderline higher (81.00% vs. 65.33%) after physical
activity (p=0.053). In summary, the overall quality of compressions in women was at a lower level than in

men in both stages of the study process.

Those over 53 years of age had the best percentage score for the overall quality of chest
compressions before physical activity (90.83%). The age groups were ranked as follows: 39-45 years
(86.88%), 25-31 years (86.44%), 46-52 years (80.22%), 32-38 years (78.07%) and 18-24 years (77.85%).
After exercise, firefighters in the >53 age group had the highest score again (90.78%). There was no
statistically significant correlation of the compression quality to the age of the subjects, either before

physical activity (p=0.277) or after physical activity (p=0.468).
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Figure 3. Correlation of overall chest compression quality.
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The compression rate was expressed in the number of compressions per minute. The correct value
to be achieved by participants was between 100-120/min. During the study, respondents managed to score
within the foregoing range in every minute, both before and after physical activity. The lowest average
(114.61/min) was obtained in the first minute before fatigue, while the highest was obtained in the third
minute after fatigue (117.75/min). The subjects' depth results before physical activity in the first minute only
were higher (78.45%) than their post-exercise results (77.84%). The average score in the second minute
before physical activity was 70.88%, while it increased by 1.77% to 72.65% after physical activity. In the
third minute, it had risen to 71.61%, and had reached 67.86% before physical activity. The next important
element of effective chest compression is relaxation, where the values of correct relaxation were 85.53%,
83% and 83.13% before fatigue, respectively, while the participants scored lower after physical activity, with
83.60% in the first minute, 80.46% in the second minute and 82.18% in the third minute. The criterion
assessed for the overall quality of chest compressions also showed no significant correlation with the

firefighters' functional rank (before physical activity p=0.402; post-exercise p=0.635).

Both chest compression frequency (p1min=0.479; p2min=0.811; pamin=0.098), depth (p1min=0.872;
p2min=0.667; pamin=0.430) and relaxation (pPimin=0.645; p2min=0.380; psmin=0.283) showed no statistically
significant differences in readings during each of the three minutes of chest compressions before and after
physical activity. However, a correlation was observed between the depth of compressions and the sex of
the firefighters (before physical activity - males: 75.39% vs. females: 32.67% for p=0.018 and post-exercise
- males: 76.10% vs. females: 46.62% for p=0.000), as well as thoracic relaxation and functional degree
(before physical activity p=0.036; post-exercise p=0.023), as well as between depth and age (before

physical activity p=0.015).

The last parameter evaluated was to assess the location of the chest compression site. The mean
value did not show 100% at any stage of the study. In the third minute before physical activity, the
evaluators obtained the highest mean (98.73%), with the lowest ones in the second minute also before
physical activity (96.81%). All the results for this parameter differed slightly in percentage points between

the lowest and highest mean values.

According to studies by authors such as Villela PB (2023), Perkins GD (2021), and Olasveengen
TM (2021), rescuer fatigue has a major impact on the quality and effectiveness of the CPR performed
[5,7,8]. The literature confirms that fatigue in rescuers can lead to the most common mistakes made during
CPR. Lack of complete chest relaxation and prolonged time between life-saving actions, as well as
inadequate and inaccurate numbers of compressions, are often the result of rescuers' fatigue.
Unfortunately, the effectiveness of the cardiopulmonary resuscitation performed depends on these actions.
It is less common to find literature that presents the issue of the quality of chest compressions performed
by fatigued rescuers, especially firefighter rescuers, who are exposed to considerable physical activity even

before first aid is administered.

© 2023 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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In his work, Krzyzanowski K (2020) examined the topic of the quality of chest compressions under
fatigue. In his study, he presented a comparison of teams consisting of two and three people. According to
Krzyzanowski, the reaction time of a fatigued rescuer is prolonged, and so is the time for assessing the
basic vital signs of the casualties. Assessment of airway patency, circulation, and rapid response to the
patient's current condition increases the patient's chance of restoring vital functions. The author, noting the
problem of prolonged pauses in chest compressions, noted a relationship involving the number of rescuers
on the team. Three-person rescue teams operating during fatigue performed better in terms of rescue
operation continuity than two-person teams operating during the same physical activity. The study showed
that the actions of the three-person teams in terms of pauses between actions did not exceed 10 seconds,
and maintenance of compression time was maintained at 60% of the entire CPR cycle. Teams with less
persons performed relatively worse [9]. The literature raises the conclusion confirming the correlation that,
despite fatigue, teams with a greater number of rescuers have significantly better results in carrying out
rescue operations, thus increasing the chances of patient survival. For the past several years, there have
also been publications such as Sell RE (2010) in which the authors studied the quality of chest
compressions under fatigue in patients with out-of-hospital ventricular fibrillation. These studies also
support the rule that it is easier to maintain greater attention to medical procedures and obtain the best

possible results from the CPR performed in teams with more personnel [10].

Back to the issue of chest compression depth, according to the studies, emergency medical team
members rarely exceeded 5 centimeters in chest compression depth, while teams with more people
reached 4.5-5.5 centimeters in depth. In terms of compressions per minute (rate), the value slightly

exceeded 120 compressions per minute [9].

In addition, it is worth noting a study by Idris AH (2012, 2015), in which the authors found an
acceleration in the chest compression rate by rescuers operating during significant fatigue. Thus,
increasing the number of chest compressions per minute generated an additional increase in subjects'

fatigue during CPR activities, while decreasing the effectiveness of medical activities [11,12].

In the study conducted, the overall quality of the compressions carried out by the studied firefighters
decreased under the influence of physical activity, yet this decrease was not as drastic. Chest
compressions in the first minute after physical activity were worse by 2.88 percentage points than those
before physical activity, and by only 0.88 in the second, and by 4.13 in the third minute. When analyzing
sociodemographic factors affecting the quality of resuscitation, significant correlations were found with
regard to overall quality of compressions and sex before fatigue (p=0.019), depth and gender before
(p=0.018) and after physical activity (p=0.000), depth and age (p=0.015), relaxation and functional grade
before (p=0.036) and after physical activity (p=0.023). Statistical analysis showed no statistically significant

differences in the aspects of chest compression rate, depth and relaxation.

© 2023 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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It should be noted that the study indicates a moderate effect of the subjects' fatigue on the quality of
CPR. After 1 minute, a 0.61 percentage point reduction in chest depth values was found compared to
before physical activity results, with a 1.77% reduction after 2 minutes, and a 3.75% reduction after 3
minutes. In terms of thoracic relaxation, there was also a decrease in value after physical activity, wherein
the value decreased by 1.93 percentage points, by 2.37 in the second minute, and by 0.95 in the third
minute. The study also indicated that the rate of chest compressions at 1 minute after physical activity was
worse by 6.3 percentage points compared to before physical activity results, by 4% at the second minute,
and by 10.22% at the third minute.

Limitations of the study: The study was conducted under controlled conditions, while the
participants were not exposed to the stressors that accompany cardiopulmonary resuscitation on a casualty
in an unprotected situation. In addition, in order to further investigate the effect of firefighter fatigue on the
effectiveness of chest compressions, studies would need to be conducted on a larger group of subjects,

under different conditions and with the test group subjected to greater physical activity.

In summary, the study identifies specific elements of chest compressions quality that require training
in specific age groups, sexes and among representatives of selected firefighting functions. The effect of
fatigue on the rescue operations carried out by the study group was not significant in terms of the entire
group. The low percentage of correct quality and, above all, depth of chest compressions provided by
women are the most notable. The group of firefighters aged 18-24 showed the worst percentage of quality
in terms of depth and relaxation during compressions. Such a result can probably be dictated by the
insufficient amount and level of training among young firefighters. The small number of studies concerning

firefighter fatigue during resuscitation necessitates further detailed analysis.
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