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Abstract

Effective Cardiopulmonary Resuscitation (CPR) is crucial for improving outcomes in
cardiac arrest situations. This study aims to assess the proficiency of paramedics in the
Lubelskie Voivodeship, Poland, in performing CPR, focusing on compression depth and
ventilation techniques. A cohort of 69 paramedics was engaged in this analysis, utilizing
an Ambu manikin to simulate CPR scenarios. This setup allowed for a comprehensive
assessment of each participant’s technique, focusing on compression depth consistency
and the efficiency and accuracy of ventilation techniques. The study revealed that
paramedics demonstrated commendable proficiency in chest compression, achieving an
average depth of 58.48 mm, which falls within the recommended range of 50 mm to 60
mm. However, there was a notable variation in compression depths, ranging from 47 mm
to 72 mm. Additionally, ventilation techniques displayed significant inconsistencies,
with 87.4% of ventilations performed below the recommended volume range. Many
participants also deviated from the advised compression-to-ventilation ratio, further
indicating the need for enhanced guidelines adherence. While paramedics exhibit
a strong foundation in CPR techniques, the observed variations and inconsistencies
underline the importance of continuous and focused training. This study advocates
for the development and implementation of targeted training programs to address
these gaps. Such initiatives should reinforce adherence to established CPR guidelines
and emphasize integrating realistic simulation experiences to improve overall CPR

(Katarzyna Naylor)
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performance, ultimately contributing to better patient outcomes in emergencies.

Cardiopulmonary resuscitation; Paramedic training; Chest compression; Ventilation
techniques; Emergency medical services; Sudden cardiac arrest; CPR effectiveness

1. Introduction

Sudden Cardiac Arrest (SCA) remains a formidable challenge
within the European medical landscape, presenting a substan-
tial hurdle to emergency medical care [1]. The prevalence of
SCA across the continent underscores its critical importance,
as it stands as a leading cause of mortality, claiming countless
lives each year. Despite significant advancements in medical
response capabilities, the pre-hospital survival rates of SCA
victims are alarmingly low, with discharge rates ranging from a
mere 3% to 25% [2, 3]. This grim statistic highlights the urgent
need for improved emergency interventions, particularly in
the crucial minutes following an arrest, before the arrival of
professional help [4].

The essence of enhancing survival rates in SCA scenarios
lies in the immediate initiation and quality of cardiopulmonary
resuscitation (CPR). High-quality CPR, characterized by profi-
cient chest compressions and adequate ventilation, is acknowl-

edged by leading health organizations such as the European
Resuscitation Council (ERC) and the American Heart Associ-
ation (AHA) as a cornerstone of effective emergency cardiac
care [5, 6]. The EMS teams, equipped with specialized training
and advanced resuscitation equipment, play a pivotal role in
this critical intervention, often making the difference between
life and death [7, 8].

The transition from bystander-initiated CPR to professional
medical response is a critical juncture in the chain of survival
for SCA victims. This phase underscores the paramount im-
portance of paramedics within the Polish Emergency Medical
Services (EMS) system. In Poland, paramedics are often
the first healthcare professionals to engage with the patient
in emergency settings, making their role in SCA scenarios
especially significant. They are tasked with rapidly assessing
the situation, initiating advanced life support measures, and
ensuring the continuity of high-quality care initiated by by-
standers.
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However, the unique challenges Polish paramedics face
in executing their duties are multifaceted—from navigating
the complexities of emergency scenes to performing under
the high-pressure conditions of SCA incidents. The level of
engagement and the effectiveness of paramedics in these sce-
narios are critical factors that directly impact patient outcomes.
Therefore, understanding the nuances of their roles, challenges
and the standards they adhere to in emergency care is crucial
for evaluating and enhancing SCA response strategies.

Polish paramedics undergo a rigorous educational and prac-
tical regimen to equip them with the skills necessary for high-
stakes medical interventions. This training encompasses a
variety of programs, spanning from basic emergency care to
specialized resuscitation techniques, adhering to national and
international standards. The duration, certifications and recent
advancements in their training protocols reflect an ongoing
commitment to improving emergency medical response ca-
pabilities in Poland. However, it is imperative to examine
how this training translates into practice, particularly in the
execution of CPR.

Polish paramedics evaluate CPR performance according to
standards and guidelines that align with national expectations
and international best practices [8]. These standards are de-
signed to ensure that CPR is performed efficiently and effec-
tively, maximizing the chances of survival for SCA victims
[9, 10]. Recent guidelines update reflects an evolving under-
standing of optimal resuscitation techniques, emphasizing the
need for continuous learning and adaptation among emergency
medical professionals [11—13].

Despite these stringent training and evaluation protocols,
there exists a gap in our understanding of how Polish
paramedics perform CPR in real-life scenarios. Questions
about the fidelity of their practice to established guidelines
and the areas where their training could be further enhanced
still need to be answered. This gap highlights a critical
area of research and points to the potential for significant
improvements in CPR outcomes.

The study proposed herein seeks to address these questions
head-on. Focusing on the performance of CPR by Polish
paramedics, this research aims to uncover the strengths and
weaknesses in their current practice. The objective is to iden-
tify specific training and procedural gaps that, once addressed,
could lead to marked improvements in the quality of CPR
delivered in emergencies.

This investigation is timely and necessary, given the dy-
namic nature of medical emergencies and the constant ad-
vancements in resuscitation science. By assessing the current
state of CPR performance among Polish paramedics, this study
aims to bridge the theoretical knowledge acquired through
training with the practical application of CPR techniques in
emergency settings. This alignment is crucial for enhancing
the effectiveness of emergency medical care and ultimately,
improving patient outcomes in SCA scenarios.

As a pioneering effort, this research contributes to the global
discourse on emergency medical care and provides valuable
insights specific to the Polish context. By identifying potential
areas for improvement in CPR training and execution, the
study aims to inform and elevate the standards of emergency
medical response in Poland. This endeavor promises to en-
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hance the readiness and proficiency of EMS teams.

2. Materials and methods

2.1 Setting and participants

The study was initiated in 2018, targeting a select group of
69 paramedics from the Lubelskie Voivodeship, Poland. This
cohort was explicitly chosen to allow for a comprehensive
and in-depth analysis of their basic life-saving intervention
skills. The selection process was based on voluntary par-
ticipation, ensuring anonymity to promote candid feedback
and genuine performance. Participants were active Medical
Rescuers working across varied emergency settings, such as
Medical Rescue Teams, Hospital Emergency Departments and
Air Ambulance services, providing a diverse perspective on
emergency medical practices.

2.2 Training course overview

In response to evolving medical emergency response stan-
dards, a professional development course for paramedics was
structured following the regulation of the Minister of Health,
dated 13 December 2019. Although the course was officially
recognized post-study, the curriculum and training method-
ologies evaluated in 2018 predated and informed the estab-
lishment of this regulatory framework. The course spanned
five-year cycles, including 48 teaching hours over 6 days. It
comprised 15 hours of theoretical instruction on emergency
medical service systems and communication skills, alongside
33 hours of practical training focused on emergency medical
interventions and the application of modern communication
technologies.

2.3 Course development and study context

This study, conducted in 2018, played a pivotal role in shap-
ing the training framework for Polish paramedics. Insights
gained from evaluating CPR performance were instrumental in
developing a comprehensive professional development course
formalized through the Minister of Health’s regulation in De-
cember 2019. This section elucidates how the empirical data
collected pre-emptively influenced the curriculum’s design,
ensuring it addressed real-world challenges identified through
the study. It underscores the study’s contribution to enhancing
paramedic training, aligning it with national and international
best practices in emergency medical care.

2.4 Selection process clarification

The selection process for this study was meticulously designed
to ensure a diverse and representative sample of paramedics
from the Lubelskie Voivodeship. Participants were recruited
through an open call within the EMS community, empha-
sizing voluntary and anonymous participation to foster an
environment of honesty and transparency. This approach was
intended to attract a wide range of Medical Rescuers from
various emergency service settings to participate. Detailing
this process highlights our commitment to inclusivity and the
pursuit of comprehensive insights into CPR proficiency across
emergency medical services.
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2.5 Practical training and data collection

The practical training sessions conducted at the Lublin Re-
gional Ambulance Service’s training center were pivotal in
evaluating the CPR skills of the participants. Ultilizing the
Ambu Man manikin, equipped with sophisticated software for
CPR performance analysis, participants engaged in exercises
simulating real-life emergency scenarios. This hands-on ap-
proach, new to all participants, was critical in assessing their
competencies in life-saving interventions, mainly chest com-
pression and ventilation techniques. The manikin’s advanced
capabilities allowed for precisely evaluating each participant’s
adherence to CPR guidelines, bridging theoretical knowledge
with practical skill application.

2.6 Method limitations

Acknowledging the pilot nature of this study, several method-
ological limitations were identified. The limited sample size of
69 participants, while sufficient for an in-depth initial analysis,
poses challenges to the broader applicability of the findings.
Moreover, using Ambu Man manikins and the standardized
6-minute CPR exercises may not encompass the variability
of real-life emergency conditions, potentially affecting the
study’s outcomes.

2.7 Statistical analysis

Data compilation and preliminary analysis were conducted
using Microsoft Excel software (MS Office 2010, Redmond,
WA, USA). Advanced statistical analysis was performed using
Statistica 13.1 (StatSoft Polska, Tulsa, OK, USA), with quanti-
tative data presented through various statistical measures. The
study also included a Shapiro-Wilk normality test to assess the
distribution of the variables.

3. Results

3.1 Demographics and professional
background of participants

This study analyzed CPR techniques among 69 paramedics in
the Lubelskie Voivodeship, characterized by a predominantly
male demographic (97.10%) and an age range of 29 to 59
years, with an average age of 40 years. More indicative of
the participants’ CPR experience than their wide age range
is the length of service, which varied from 7 to 36 years,
with an average of 17.74 years. This variation in service
length represents a broad spectrum of experience in emergency
medical services, from relatively new paramedics to highly
seasoned professionals. Although the study was conducted
within a singular regional setting, limiting the diversity of
employment settings (with a significant majority working in
similar environments), the range of service years provides
valuable insights into the impact of experience on CPR perfor-
mance. The detailed breakdown in Table | supports a thorough
analysis of CPR performance by providing insight into the
participant pool’s composition.
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TABLE 1. Characteristics of the study group (n = 69).

Characteristic Detail Statistics
Gender
Men 67 (97.10%)
Women 2 (2.90%)
Age (yr)
Mean (M) 40.33
Standard Deviation (SD) 7.05
Median (Me) 38.00
Quartiles (Q1-Q3) 36.00—44.00
Range (Min—Max) 29.00-59.00
Length of Service (yr)
Mean (M) 17.74
Standard Deviation (SD) 6.96
Median (Me) 16.00
Quartiles (Q1-Q3) 12.00-21.00
Range (Min—Max) 7.00-36.00

Place of Employment

Emergency Medical Services 66 (95.65%)

Team
Air Ambulance Service 1 (1.45%)
Hospital Emergency Depart- 9 (10.47%)
ment
Emergency Call Centre 9 (10.47%)
Reception Area 1 (1.16%)

3.2 CPR performance analysis

In our detailed analysis of CPR performance among
paramedics, we evaluated the frequency and volume of
ventilations alongside the depth and frequency of chest
compressions.  Our observations highlighted an average
ventilation rate of 4.51 breaths per minute and an average
ventilation volume of 0.36 litres. This finding, particularly the
rate of 4.51 breaths per minute, raises important considerations
regarding the alignment with current CPR guidelines,
which recommend a balanced approach to ensure adequate
oxygenation without compromising chest compression
efficacy. The variability noted in our data underscores the
need for ongoing evaluation and revising training protocols to
emphasize the critical balance between ventilation frequency
and chest compression techniques. Such adjustments will
support paramedics in achieving the optimal impact of CPR,
particularly in the use of bag and mask ventilation, a single
technique we focused on for its prevalent application in
emergency scenarios.

Upon analyzing chest compression parameters, we found a
median rate of 118 compressions per minute, generally align-
ing with the recommended range of 100 to 120 compressions
per minute. However, the observed variability, ranging from
87 to 146 compressions per minute and compression depths
between 47 mm and 72 mm, underscores a broad spectrum
of practice styles. These findings highlight the critical need
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for uniform, standardized training to bolster adherence to CPR
guidelines and ensure effective and consistent CPR delivery.

The variability in ventilation rates, especially the average
rate of 4.51 breaths per minute, requires a closer examination
against the backdrop of existing CPR guidelines, which typ-
ically recommend a more controlled rate to optimize patient
outcomes. Our findings raise important questions about the
current training and practice standards, suggesting that even
seasoned paramedics may benefit from updated, evidence-
based training sessions that address these discrepancies. Re-
viewing recent literature and CPR guideline updates will be es-
sential in understanding these differences and adjusting train-
ing protocols accordingly. Given the variability in CPR perfor-
mance, as detailed in Table 2, there is a clear imperative for re-
vising training protocols to better align with current guidelines
and emerging evidence. This necessity is underscored by the
range of proficiency observed, advocating for an approach that
tailors training to the nuanced needs of emergency responders.

3.3 Compliance with CPR techniques

Our analysis of the adherence to the established CPR
compression-to-ventilation ratio of 30:2, as recommended by
the European Resuscitation Council, revealed a concerning
trend. Only a minority of paramedics were found to follow
this critical guideline rigorously. This discrepancy, varying
from minor to significant deviations, underscores a crucial
gap in training and practice. Given the direct impact of the
compression-to-ventilation ratio on patient survival, these
findings highlight an urgent need for more focused and
consistent CPR training. Ensuring paramedics adhere to this
guideline is essential for improving CPR outcomes in real-life
scenarios.

3.4 Analysis of ventilation volumes

The study’s evaluation of ventilation volumes administered
during CPR provided significant insights into the paramedics’
performance. As demonstrated in Fig. |, ventilation volume—
the amount of air delivered to the patient’s lungs with each
breath—is critical for ensuring adequate oxygenation during
resuscitation. Fig. | shows explicitly the data on ventila-
tions performed, indicating that participants ventilated 1857
times during the study. Alarmingly, most of these ventilations
(87.4%) were below the lower limit of the normal range.
Only 372 breaths (23.89%) were performed within the normal
volume range, while 124 breaths exceeded the optimal volume,
highlighting a significant deviation from ideal practice.

This discrepancy in achieving appropriate ventilation vol-
umes, as quantitatively shown in Fig. 1, underscores a poten-
tial gap in training or proficiency among paramedics in this
vital aspect of CPR. The frequent deviation from the ideal
ventilation volume suggests the need for enhanced training
methods, incorporating more hands-on practice and real-time
feedback. Such improvements in training could ensure that
paramedics are better equipped to gauge and deliver the ap-
propriate ventilation volumes during CPR, thus improving the
overall effectiveness of their resuscitation efforts.
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3.5 Incidence and distribution of errors in
CPR

Our in-depth analysis of CPR techniques has shed light on
critical errors within ventilation and chest compression prac-
tices among paramedics. A concerning proportion of par-
ticipants deviated from established protocols, affecting both
ventilation volumes and compression rates—critical factors
in CPR’s effectiveness and patient survival. Specifically,
ventilation errors varied from under to over-ventilation, and
compression issues included incorrect rates and depths. These
findings point to gaps in training or adaptation to emergency
scenarios, emphasizing the urgent need for enhanced, focused
training. We can minimize these errors by integrating frequent
refreshers, real-life scenario simulations and continuous skill
evaluations, reinforcing the paramount importance of high-
standard emergency care. Table 3’s data compellingly argues
for this strategic approach to training, aiming to rectify identi-
fied performance gaps and uphold high-quality patient care in
critical situations.

3.6 Summary of cumulative errors

Our comprehensive analysis, detailed in Table 4, examined
the cumulative errors in CPR techniques among paramedics,
revealing a broad spectrum of proficiency. The table catego-
rizes errors into ventilation and chest compression techniques,
illustrating a significant variance in skill levels across the
board. While some paramedics excel, closely adhering to CPR
guidelines, others falter, showcasing a clear need for targeted
training interventions. This variability emphasizes the need
for individualized training approaches and consistent skill as-
sessments to improve CPR performance. Tailoring training to
address these identified gaps is crucial for ensuring paramedics
can deliver high-standard emergency care, as evidenced by the
patterns of errors outlined in Table 4.

4. Discussion

The study’s exploration into the effectiveness of CPR
techniques among paramedics reveals several critical insights.
Paramount among these is the realization that high-quality
chest compressions, as emphasized in current guidelines,
are indeed central to achieving a return of spontaneous
circulation (ROSC) [1]. Our data indicates that paramedics
achieved an admirable average compression depth of 58.4
mm, closely aligning with the FEuropean Resuscitation
Council’s recommended range of 50 mm to 60 mm [14]. This
accomplishment is noteworthy, as it mirrors the high efficacy
of compressions, a crucial determinant in patient survival
during SCA.

Integrating high-quality chest compressions within the
broader framework of emergency medical response is critical.
While our study highlights the proficiency in compression
depth, it also sheds light on the need for a holistic approach
that balances compressions with other aspects of CPR. This
holistic approach is vital when paramedics are the first and
sometimes the only responders. The ability to quickly assess a
situation and perform effective CPR, including compressions
and ventilations, can be the difference between life and death
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TABLE 2. Detailed ventilation and chest compression parameters.

Parameter n  Mean Standard Median Quartiles Range Shapiro- Significance

™) Deviation (Me) (Q1-Q3) (Min—Max) Wilk (S-W) )
(SD)

Minute Ventilations 69  1.79 1.02 1.80 1.00-2.50 0.00-4.00 0.967 0.0680

(liters/min)

Ventilation Rate 69 4.51 1.77 5.00 3.00-6.00 0.00-7.00 0.879 <0.0001

(breaths/min)

Ventilation Volume 69  0.36 0.14 0.40 0.30-0.40 0.00-0.70 0.940 0.0020

(liters)

Rate of Chest Com- 69 116.70 11.05 118.00  110.00-124.00  87.00-146.00 0.989 0.8020

pressions (compres-

sions/min)

Chest Compression 69 58.48 5.75 58.00 54.00-62.00 47.00-72.00 0.986 0.6530

Depth (mm)

Notes: Q1-Q3: Lower and Upper Quartile; S-W: Shapiro-Wilk Normality Test Result.

HGH [l
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ow I

0 200 400 600 800 1000 1200 1400 1600
FIGURE 1. Distribution of ventilation volumes in CPR performance.

TABLE 3. Occurrence of errors in CPR techniques.

Error Type No Compression Error With Compression Error Total

No Ventilation Error 1 (1.45%) 13 (18.84%) 14 (20.29%)
With Ventilation Error 0 (0.00%) 55 (79.71%) 55 (79.71%)
Total 1(1.45%) 68 (98.55%) 69 (100.00%)

TABLE 4. Number of errors committed in CPR techniques.

No. of Ventila- No Compression 1 Compression 2 Compression 3 Compression Total
tion Errors Errors (0) Error Errors Errors

0 Errors 1 (1.45%) 5(7.25%) 6 (8.70%) 2 (2.90%) 14 (20.29%)
1 Error 0 (0.00%) 8 (11.59%) 16 (23.19%) 2 (2.90%) 26 (37.68%)
2 Errors 0 (0.00%) 4 (5.80%) 10 (14.49%) 7 (10.14%) 21 (30.43%)
3 Errors 0 (0.00%) 2 (2.90%) 1 (1.45%) 5(7.25%) 8 (11.59%)

Total 1 (1.45%) 19 (27.54%) 33 (47.83%) 16 (23.19%) 69 (100.00%)
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in many emergencies.

To enhance the clarity on our approach to ventilation, it is es-
sential to note that we utilized a standard adult-size bag-valve-
mask (BVM) for all ventilatory support during the CPR inter-
ventions in this study. This methodological detail, now ex-
plicitly mentioned in our methods section, aligns with widely
accepted clinical practices and ensures the reliability of our
ventilation-related findings. Comparative analyses with exist-
ing literature confirm that the achieved ventilation volumes are
consistent with those recommended, underscoring the compa-
rability of our results to broader resuscitation research.

However, the observed variation in compression depths,
including excessive compression up to 72 mm, raises concerns
about potential secondary injuries. This risk, underscored
by studies including those by Heidi Hellevuo ef al. [15],
underscores the importance of pinpointing which participant
group contributes to this variation to mitigate such risks ef-
fectively. Conversely, the infrequent underachievement in
compression depth, albeit marginal, also warrants attention.
These variations, although minimal, could significantly impact
the outcomes of CPR, especially in prolonged resuscitation
efforts where fatigue might further influence the depth of
compressions.

After carefully considering the importance of incorporating
pertinent research, we have thoroughly updated our reference
list to more accurately represent the latest findings and method-
ologies in CPR effectiveness. Specifically, we have introduced
newer studies that explore the essential relationship between
compression depth and ventilation efficiency. This refresh of
our citations enhances our analysis by offering a deeper insight
into the individual contributions of each CPR component to pa-
tient outcomes, ensuring a more robust foundation of literature
for our discussion.

Comparatively, our study’s findings regarding the depth of
compressions fare better than those observed in other profes-
sional groups, such as nurses, as documented in studies by
Zubrzycki et al. [16] and Dudzinski ef al. [17]. This difference
could be attributed to the demographic variance, regularity of
CPR performance and training intensity among paramedics.
Nevertheless, the proficiency in achieving sufficient compres-
sion force, a challenge for non-medics, was commendably met
by our study participants.

The disparity in compression depth observed between
paramedics and other healthcare professionals, such as nurses,
might reflect the varying frequencies and intensities of real-
life CPR situations. Paramedics frequently face high-pressure
scenarios requiring swift, decisive action, potentially refining
their compression skills [18, 19]. However, it is critical to
ensure that such comparisons are made within the context of
similar methodologies or settings to ascertain the validity of
these observations.

This observation suggests that the regularity and context
of CPR training could be as important as the training con-
tent itself. Tailoring training to simulate real-life emergency
scenarios enhances the effectiveness of CPR performed by all
healthcare providers.

Our examination of ventilation techniques revealed a no-
table discrepancy in achieving optimal tidal volumes, high-
lighting an area for potential improvement in paramedic train-

_Jn— Signa Vitae

ing. Recognizing this, we advocate for enhanced training
modules focused specifically on ventilation strategies. Those
strategies include not only the mechanical aspect of delivering
breaths but also the critical judgment needed to adjust ventila-
tion based on patient response. This adjustment could signif-
icantly improve the efficacy of CPR, ensuring that ventilation
complements chest compressions effectively.

The role of fatigue in CPR performance must be considered.
Long-duration resuscitations challenge the stamina and con-
sistency of rescuers, potentially impacting the quality of chest
compressions and ventilations [20]. This study’s results sug-
gest a need for research strategies to help paramedics maintain
optimal performance over extended periods. These strategies
include team-based approaches to CPR, allowing for periodic
rotation to reduce individual fatigue and the use of mechanical
CPR devices in prolonged resuscitation efforts.

The gap between mandatory training sessions for
paramedics, particularly in CPR, has raised questions
regarding the ongoing improvement and preservation of their
skills. Based on our research, we suggest adopting a regular,
organized method for continual learning. Shortening the
period to yearly refreshment training might guarantee that
paramedics stay proficient in the newest methods and in
managing CPR’s physical and emotional challenges. This
adjustment could strengthen the overall quality of emergency
services.

While chest compressions are pivotal, the role of effective
ventilation cannot be understated, particularly in asphyxial
cardiac arrests [21]. The study’s revelation that nearly 90% of
participants failed to achieve the lower tidal volume limit, with
some not performing ventilation at all, is a significant concern.
Adequate ventilation, integral to CPR success, requires main-
taining airway patency and the skilful administration of re-
placement breaths [22, 23]. Our findings indicate proficiency
in preventing air insufflation into the stomach, a standard error,
yet highlight a need for improved ventilation techniques.

The issue of suboptimal ventilation techniques among
paramedics raises questions about the current emphasis
on CPR training programs [24]. While the focus on chest
compressions is undoubtedly justified, this should not lead
to the neglect of proper ventilation techniques. Effective
ventilation is crucial for oxygenating the blood, particularly
in prolonged cardiac arrest scenarios where oxygen reserves
are quickly depleted [25]. Therefore, the need for balanced
training that gives equal importance to both compressions and
ventilations is evident.

The need for balanced training leads us to ponder the cur-
rent training framework for paramedics in Poland. While the
regimen effectively imparts compression techniques, it appears
less successful in equipping paramedics with the nuanced skills
required for optimal ventilation. The lack of clinical exposure
during training is a notable gap. Periodic internships in inten-
sive care units or operating theatres could allow paramedics to
refine their ventilation skills under expert supervision [26, 27].

The five-year interval between obligatory in-service train-
ing sessions may be too extended, potentially impacting the
retention and refinement of CPR skills. Literature suggests
that more frequent, compulsory training sessions, ideally con-
ducted every two years as recommended by leading health or-
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ganizations like the American Heart Association, could be a vi-
able strategy to enhance the overall quality of CPR paramedic’s
performance, ensuring maximum knowledge and skill reten-
tion [28, 29].

While paramedics demonstrate commendable proficiency in
chest compressions, there is a clear avenue for enhancing venti-
lation techniques. Addressing this through intensified training
and clinical exposure could significantly elevate the standard
of CPR, ultimately positively impacting patient outcomes.

The importance of continuous feedback and assessment dur-
ing CPR training cannot be overstated. Incorporating advanced
training manikins and simulation technologies can provide
paramedics with real-time feedback on their compression and
ventilation techniques. This technology-enhanced approach
can help identify and correct technique flaws in a safe learning
environment, leading to more effective skill acquisition and
retention. Investing in such training tools could be a strategic
step towards elevating the overall quality and effectiveness of
CPR provided by paramedics.

The study highlights the need for a more data-driven ap-
proach to continuous improvement in CPR training. Training
programs can be regularly updated by systematically analyzing
CPR performance data to address identified gaps. Addition-
ally, leveraging advancements in digital health and data ana-
lytics can provide paramedics with personalized feedback and
learning opportunities, further fine-tuning their skills in both
chest compressions and ventilations [30, 31].

Another aspect warranting attention is the psychological
readiness of paramedics for high-stress CPR scenarios. The
mental and emotional preparedness of a rescuer can signifi-
cantly influence the quality of CPR performed [32, 33]. In-
corporating stress management and resilience training into the
CPR curriculum could enhance paramedics’ ability to remain
calm and focused during emergencies, thereby improving the
overall effectiveness of their resuscitation efforts.

In reflecting on the broader implications of this study, it
is important to consider how the findings from the Lubelskie
Voivodeship may resonate with or differ from CPR practices
in other regions or against global standards. While there are
universal guidelines for CPR, regional differences in training,
resources and emergency response protocols can lead to vari-
ations in practice. For instance, the proficiency levels and
challenges faced by paramedics in the Lubelskie Voivodeship
might be similar to those in regions with comparable medical
infrastructure and training programs. Conversely, areas with
differing healthcare systems, resources, or cultural attitudes
towards emergency response might exhibit distinct patterns in
CPR performance. This comparison underscores the necessity
of contextualizing CPR training and guidelines to fit local
needs while adhering to global best practices. Furthermore,
it highlights the potential value of international collaborative
studies in comprehensively understanding CPR effectiveness
and paramedic training needs globally.

We must consider several key factors to understand the un-
derlying causes of errors in CPR techniques. First, the variabil-
ity in training and educational backgrounds among paramedics
can significantly influence their proficiency. Paramedics with
more frequent and comprehensive training sessions, especially
those that simulate real-life scenarios, are likely to perform
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more accurately under pressure. On the other hand, infrequent
or less intensive training might lead to gaps in skill application,
particularly in high-stress situations.

The psychological and physical state of the paramedics
during emergencies plays a crucial role. Factors such as
fatigue, stress and cognitive overload can adversely affect the
precision of both ventilations and compressions. The ability to
perform CPR correctly is a matter of technical skill, but mental
resilience and physical stamina are also important, especially
during prolonged resuscitation efforts.

Ergonomic factors and equipment familiarity are also cru-
cial. The type and model of CPR manikins used during training
compared to the equipment encountered in real-life situations
can create discrepancies in technique application. Paramedics
who regularly train with equipment that closely mimics real-
life scenarios will likely be more adept at applying these skills
in emergencies.

Lastly, the dynamics of the emergency environment, in-
cluding team coordination and communication, significantly
impact CPR performance. Effective teamwork and clear com-
munication are essential for ensuring the optimal application
of CPR techniques.

The insights gained from thorough analysis highlight the
importance of a comprehensive approach to CPR training.
Training should go beyond technical skills to include stress
management, team dynamics and adaptability in emergencies.
Simulation-based training and real-time feedback can support
this all-encompassing development, equipping paramedics
with the techniques, resilience and mental acuity required in
critical circumstances. By enhancing training programs in this
manner, we can close the gap between existing practices and
the optimal standards of CPR execution, ultimately leading to
better cardiac arrest outcomes.

These findings suggest a need for a multifaceted approach
to CPR training for paramedics. Training programs should
focus on the technical aspects of CPR and incorporate elements
that address psychological resilience, stress management and
familiarity with various emergency scenarios and equipment.
Regular skill assessments and feedback mechanisms can help
identify individual training needs and contribute to continuous
skill improvement. By understanding and addressing these
determinants, CPR training can be optimized to enhance the
overall effectiveness and reliability of paramedics in emergen-
cies.

5. Limitations

This pilot study, aimed at assessing the quality of CPR tech-
niques among paramedics, offers significant insights but is ac-
companied by certain limitations that must be acknowledged.
Firstly, the study’s sample size, involving 69 paramedics from
the Lubelskie Voivodeship in Poland, while adequate for a pilot
study, limits the generalizability of the findings. This relatively
small cohort means that the results may not fully represent the
CPR performance of paramedics on a broader scale, which
could vary across regions or countries with diverse medical
practices and training standards.

Another limitation pertains to the training equipment and
scenario replication. The study’s use of specific equipment,
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the Ambu Man manikins, and a uniform 6-minute duration
for CPR exercises may not encapsulate the full spectrum of
challenges and variabilities encountered in real-life emergency
scenarios. In actual medical emergencies, paramedics often
face unpredictable situations, including patient variability, en-
vironmental factors and prolonged resuscitation efforts, which
this controlled study setting may need to replicate adequately.

Additionally, the study limited the diversity in training en-
vironments and scenarios. The homogeneous nature of the
training setup could impact the applicability of our findings
to a broader range of paramedic practices. Real-world emer-
gencies are diverse and often require paramedics to adapt their
techniques to various situations, a factor our study could only
partially explore due to its specific training environment.

The regional specificity of the study also poses a limita-
tion. Conducted within a specific area of Poland, the study’s
findings are influenced by the local context, which includes
regional protocols, training standards and typical emergencies.
Therefore, the results should be cautiously applied to other
contexts, considering the regional variations in medical emer-
gency response.

As a pilot study, this research primarily serves as a prelim-
inary exploration into paramedics’ CPR performance. It sets
the foundation for future studies that can expand upon these
initial findings with a more extensive, diverse and compre-
hensive approach. Future research can build on this study’s
insights, exploring a more comprehensive array of scenarios
and including more extensive and varied participant groups
to enhance the understanding of CPR effectiveness among
emergency medical personnel.

While this study provides valuable information about CPR
techniques and training among paramedics, the limitations
outlined here highlight the need for further research and careful
interpretation of the findings when considering their applica-
tion beyond the specific context of this study.

6. Conclusions

This pilot study within the Lubelskie Voivodeship of Poland,
involving 69 paramedics, has elucidated significant insights
into CPR techniques, specifically highlighting strengths in
chest compression depth within recommended guidelines. De-
spite this, the study uncovered areas necessitating focused
improvement, particularly in ventilation techniques and ad-
herence to compression-to-ventilation ratios. The observed
variations in practice underline the critical need for enhanced,
recurrent training programs tailored to real-life emergency
scenarios. These programs should aim to refine technical
skills and decision-making capabilities under stress, ensuring
paramedics are well-equipped to deliver high-quality CPR.
Future research is encouraged to explore the impacts of training
enhancements on CPR effectiveness and paramedic perfor-
mance in varied emergency contexts.
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