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Artificial Intelligence and the practice
of emergency medicine
Gary Gaddis"

'BIOMEDICAL AND HEALTH INFORMATICS UNIVERSITY OF MISSOURI-KANSAS CITY SCHOOL OF MEDICINE, KANSAS CITY, USA
2UNIVERSITY OF CALIFORNIA-IRVINE SCHOOL OF MEDICINE, [RVINE, USA

ABSTRACT

Since the introduction of the Generative Artificial Intelligence (Al) tool “Chat GPT” in the fall of 2023, a new era in clinical diagnostics and clinical decision-
making has begun, both within medicine in general and within emergency medicine in particular. These new “Generative Al” tools can be expected to influence
and modify the clinical practice of emergency medicine, because they can derive new data and generate non-human generated rules, in a manner that prior
“generations” of Al tools could not do. Therefore, to enable a fuller understanding of how and why Generative Al differs from prior Al tools, a review of the four
“generations” of Al is first presented, with reference to some commonly known tools and outcomes related to each of these four “generations”. Then, having
established how “Generative Al” represents the fourth and most recent version of Al, selected current and anticipated near-future impacts of that Generative
Al upon the specialty of Emergency Medicine are discussed. The examples cited in this manuscript are illustrative but not exhaustive, as this field of inquiry
is rapidly changing and updating. Hopefully, this publication will stimulate the reader to become more alert regarding how Generative Al is influencing their
practice, and to become receptive to current and near-future changes of the practice of emergency medicine that will derive from the application of Generative

Al tools in the emergency caregivers workplaces.
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INTRODUCTION

Since the “rollout” of the ‘Generative” Artificial Intelli-
gence (Al) tool “ChatGPT"in the fall of 2023, interest in the
topic of Al among physicians of all specialties has grown
exponentially. This interest is not unique to physicians.
Quickly after its release in the fall of 2023, ChatGPT quickly
become the most widely and rapidly disseminated tech-
nology in history [1]. Interest in “Generative” Al (GAI) has
exploded, because GAI tools can do things prior versions
of Al could not, such as create new text and images. Such
capability is of natural interest to physicians.

A clear and accurate definition of “GAI” is offered by
the United States’ National Library of Medicine. Genera-
tive Artificial Intelligence (Al) is a system of algorithms or
computer processes that can create novel output in text,
images or other media based on user prompts. These
systems are created by programmers who train them
on large sets of data. The Al learns by finding patterns
in the data and can then provide novel outputs to users’
queries based on its findings. Generative Al systems are
distinguished from other Al systems by their ability to
create novel output [2].

Thus, the term “generative” implies that the GAI has
acquired two new capabilities. One is to derive new data.
The other is to create new, non-human-created rules to
be applied, allowing new interpretations of data that
emerges from interactions such as those that occur be-
tween doctors and patients.

It is difficult to identify any aspect of modern life that
is not likely to become influenced by Al in general and
GAlin particular. Thus, physicians who previously had lit-
tle regard for Al have suddenly had reasons to become
interested. It would be easy for anyone to feel over-
whelmed by the rapid advances in the field of Al. How-
ever, many physicians have not only grown interested in
Al, they have also begun to utilize it in their workplaces.
Because of the interest of many emergency physicians
in Al, this manuscript ends with a focus upon how Al
and GAI can be expected in the near-future to influence
the practice of medicine in general and our specialty of
emergency medicine (EM) in particular. However, before
ending with this focus, a review of the “generations” of Al
will be presented, to make the reader more knowledge-
able about how the capabilities of Al have grown across
the past several decades.

In the English language, the term “sound bite” is a
slang expression that implies a short sequence of words
which captures a larger meaning, both effectively and
efficiently. A “sound bite” regarding how Al can be ex-
pected to influence the practice of medicine has been
offered by former American Medical Association (AMA)
President (2023-24) Jesse Ehrenfeld MD. Dr Ehrenfeld is
an anesthesiologist, a medical informaticist and faculty
member of the Medical College of Wisconsin. When be-
ing interviewed by a reporter from the magazine Politi-
co, he stated, “It is clear to me that Al will never replace
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physicians — but physicians who use Al will replace
those who don't”[3].

Al OVERVIEW:
THE “GENERATIONS” OF ARTIFICIAL INTELLIGENCE
(AND SELECTED SOCIETAL AND MEDICAL IMPACTS)

Artificial Intelligence can mean different things to
different people. Toward cultivating a more uniform
understanding of this topic, a brief overview some of
the achievements of Al, stratified by describing the four
distinct “generations” of Al, will be illustrative. As noted
above, only recently has Al advanced to the point of be-
ing able to generate new data, which is GAI.

Prior “generations” of Al which existed before the last
quarter of 2023 were able to manipulate and apply exist-
ing data. They could also apply data management rules
created by humans. However, these forms of Al were un-
able to generate new data on their own. They also could
not create or apply rules derived by the Al itself. This all
changed with the onset of GAI.

GENERATION 1 OF Al: RULE-BASED SYSTEMS
AND SEARCH ENGINES

An early use of Al became known in the 1990s in“pop-
ular culture”. That was the creation and deployment of
“first generation” Al, which enabled a machine designed
and programmed by a team of humans to eventually
defeat the reigning world chess champion. This famous
series matching “man” versus “machine” occurred first in
1996 and then in 1997. In both years, the player that won
a majority of six matches was declared the winner.

In 1996, world chess champion Garry Kasparov played
six matches in Philadelphia, Pennsylvania against a new-
ly-programmed computer called “Deep Blue”.“Deep Blue”
was built and programmed by a team from International
Business Machines (IBM), with the express goal of defeat-
ing Kasparov. In 1996, Kasparov defeated “Deep Blue” by a
score of four matches (Kasparov) to two (Deep Blue) [4, 5].

However, by 1997, upgrades of “Deep Blue” enabled
the machine to defeat the man. When Kasparov con-
ceded the sixth match in New York City that year, Deep
Blue became the series winner, by a score of three and
one-half matches for “Deep Blue” to two and one-half for
Kasparov [4, 5].

Such first generation Al, as exemplified by “Deep Blue’,
utilized rule-based systems designed humans, built to
simulate a human'’s decision-making. All of the program-
ming of “Deep Blue” was done by humans, informed by
Kasparov’s prior chess match moves and decisions. This
programming determined how “Deep Blue” operated [6].

“Deep Blue” represented an advance, but it was far
from being generative Al. In fact, “Deep Blue” (and other
early forms of 1t Generation Al) could not even quickly
search information, in the manner by which search tools
such as “Google” have accustomed us all. Further, at this
point of development, Al tools were quite limited. They
could nothandle ambiguity, they could not adapt to solve
complex problems beyond the instructions programmed

by their programmers, and they could not learn new in-
formation from the data it encountered. First Generation
Al was limited to the rules that humans gave it [6].

This is not to say that “First Generation” Al did not be-
come adapted for medical uses. Among the uses of “First
Generation” Al in medicine were decision-making tools
such as antibiotic selection guides. An antibiotic could be
suggested, based upon a microbe being “Gram Positive”
or “Gram Negative’, and upon whether the microbe was
an aerobic or anaerobic organism, as well as the organ
system(s) involved [7].

This was but one example of “Rule-Based Decision
Support” that First Generation Al could provide to en-
hance Electronic Health Records (EHRs). Nonetheless, the
key point remains: First Generation Al was and is unable
to solve new problems, derive new solutions or make
new inferences.

Also, no discussion of later editions of “First Genera-
tion” Al would be complete without a mention of “search
engines’, as exemplified by the pervasive tool called
“Google’, but which also had prior iterations of soft-
ware that has become less utilized, such as “Yahoo”, “Ask
Jeeves” and others. These tools influenced medicine and
medical education by enabling much more rapid data
searching by professionals and by learners. Gone be-
came the days remembered by those of us in our third
or fourth decade of medical practice, when a data search
to answer a medical question began with a painstaking
review of numerous years’ annual copies of the “Cumu-
lated Index Medicus”.

By the late 1990s, the availability of such “search en-
gines” led to reform of the curriculum of many medical
schools, as students quickly learned to adapt these tools,
often before their faculty incorporated them into the
curriculum. Curricular reform led to less emphasis on in-
person lectures and more reliance on student-assembled
case and data search presentations, which required the
learner to demonstrate not only subject matter mastery,
but also integration of data and critical thinking skills [8].

GENERATION 2 OF Al:“MACHINE LEARNING”

The “Second Generation” of Al, that of “machine learn-
ing”, provided incremental progress, but came nowhere
near the capacity to be “generative’, let alone the capacity
to rapidly search large bodies of data. However, the devel-
opment of this “generation”, characterized by a new abil-
ity for networks themselves to “learn” from data, was has-
tened by improved microprocessor speeds and capacity
that were developed shortly after the turn of the century.

These new Al systems could not only learn from data.
They also acquired a limited capacity to create rules de-
rived from data that had been collected. Thus, they be-
came free of the constraint that a human must create all
rules by which the system operates. This is why this era is
called the era of “Machine Learning".

However, their microprocessor speeds fell far short of
modern capabilities, and they could not yet be exposed
to sufficiently large quantities of data to create accurate
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and medically useful models de novo [6]. These tools
could not generate reliable new data on their own.

Within medical care, the impact of second-generation
Al was primarily in studies of feasibility, and any clinical
impact of this Al was highly limited. This limitation was
largely due to the complexity of clinical data overwhelm-
ing a relatively low availability of data at that time, com-
pared to the current era. Also, most machine learning ap-
proaches of this “generation” used “Supervised learning”.
“Supervised Learning” required data to be derived from
data sets that had been curated by humans, or had de-
fined outcomes. This meant that human experts had to
classify outcomes that were observed clinically, in order
to train machine learning models [9].

As stated by Wilcox et al., “Ultimately, due to this cu-
ration cost, and broader challenges with machine learn-
ing performance, most machine learning projects in
medicine outside of bioinformatics and genetics failed to
move beyond the experimental stage [6]

Thus, to summarize, studies of feasibility of future
planned developments (to become enabled only if bet-
ter hardware and more data access were available) began
to appear, but the actual impact of “Second Generation
Al" upon the medical profession was quite limited.

GENERATION 3 OF Al:“DEEP LEARNING”

The next major breakthrough in Al arose early in the
2010s, with the advent of “Deep Learning"”. “Deep Learn-
ing” is an enhanced subset of machine learning [10].
“Deep Learning” was enabled by two factors. One was a
rapid growth of available data that could be used for ma-
chine learning. (Data availability limitations had limited
second generation Al, as noted above). The other factor
was increased computer microprocessor speed and pro-
cessing capabilities.

The onset of “Deep Learning” also coincided with
the era of “Big Data” and the emergence of fast graph-
ics processing units (GPUs) for processing of data.“Deep
learning” became possible because it leveraged a new
type of machine learning algorithms, “Artificial Neural
Networks”. Artificial Neural Networks have “nodes” that
enable the learning of higher-level features from raw
data than is possible without these nodes. This allowed
for greater abstraction and more powerful modeling of
complex datasets [6].

In addition, neural network models, once developed,
are highly efficient. This efficiency derives from their use
of direct numeric calculations with the variables among
the nodes in the networks. With more data and process-
ing capabilities, deep learning allowed discovery of pat-
terns that could not be identified during the previous
machine learning era without substantial use of domain
knowledge in the process [6].

In medical care, perhaps the best-known influences
of “Third Generation” Al in medicine were in the field of
machine-enhanced “image recognition” for the specialty
of Radiology and in the field of “speech recognition” for
voice dictation systems.

For image recognition, Al became able to detect sub-
tle findings and/or to suggest possible “misses” commit-
ted by the human. This leveraged the fact that humans
can become fatigued, but machines cannot.

Modern user-trainable voice dictation systems and
mobile phones have also become enabled by this gen-
eration of Al. Voice dictation system users still need to
speak and enunciate speech clearly, but modern systems
make less transcription errors than earlier versions. Fur-
ther, most of us have had the experience of typing a text
message on our mobile phones, then having the phone’s
software suggest the next word likely to be desired in
that message.

Another field of medicine most notably impacted
by the capabilities of Third Generation Al was Genetics
[11], as could be expected from the facts that the human
genome is comprised of huge quantities of bits of data.
However, genetic matters are generally far afield from the
usual considerations of an emergency physician.

Enhanced image recognition has been applied in
“popular culture” toward the development of “self-driv-
ing” motor vehicles [6]. Steps toward this goal have been
incremental. For instance, my own model 2017 Chevrolet
Volt motor vehicle had “blind spot”sensors that activated
a light in the vehicle’s side mirrors when a vehicle was in
proximity. That car also had automated braking systems
that became activated if another object was too close or
if the “closing speed”to that object was excessive. Further,
the “Cruise Control” system of that car enabled program-
ming of the desired vehicular speed and would slow the
vehicle when it approached too closely behind another
vehicle traveling the same path. Finally, this Chevrolet
Volt was a “hybrid” which had both petroleum-powered
and electrically powered propulsion systems, and the ve-
hicle could seamlessly bring the petroleum-powered en-
gine into use once the electrical power system’s battery
became exhausted.

Progress in this decade has yielded vehicles with sys-
tems that can warn the driver when they are wandering
out of their lane without signaling alane change, and that
can suggest that a driver’s pattern of weaving erratically
might suggest a need for a rest stop. | personally own one
of such vehicles, a 2024 model year Kia Niro.

However impressive these developments may be,
these vehicles have not yet gained the self-sufficiency
that would enable deployment of such vehicles without
a need for the operator to maintain vigilance that would
enable overriding Al-generated driving errors.

Critics will point out that “self-driving” cars have
caused human fatalities, such as vehicle versus pedes-
trian or vehicle versus bicycle crashes. However, fairness
requires recognition that human drivers also cause nu-
merous errors. In the United States in 2024, there were
more than 44,000 motor vehicle crash fatalities in hu-
man-driven cars [12], and the worldwide annual fatality
toll from motor vehicle crash deaths was thought to be
on the order of 1.2 million individuals [13]. One can rea-
sonably expect that we will live to see not only highly

123



124

Gary Gaddis

capable self-driving motor vehicles for roadway travel,
but perhaps even self-operated helicopters or airplanes
that operate without a pilot. Generative Al may not only
become leveraged to enable these outcomes. It may do
so with a greater degree of safety than humans can pro-
vide. Already, the day has been envisioned in which gen-
erative Al will produce high fidelity simulated driving
environments at much lower cost than is possible today
[14]. If simulation can be made less expensive, self-driv-
ing vehicles should eventually become more probable.

GENERATION 4:“GENERATIVE" Al

As noted above, after its release in late 2023, the“Gen-
erative Al” tool “ChatGPT” became the most widely and
rapidly adopted technology ever [1]. The distinguishing
feature of “ChatGPT” and other “Generative” Al is the ca-
pacity to develop new data de novo. For instance, these
software can assemble a person’s biography, in a form
which imitates that which would be written by a human,
after exposure to sufficient data about a person’s back-
ground and past [15]. They also can take human-input
facts and their own conclusions to assemble capably-
written drafts of scientific papers [16].

This is not to say that generative Al is “foolproof”. Al
needs “guardrails”[17]. Erroneous output that is not fact-
based is known as a“hallucination”[18], and humans still
need to oversee generative Al output with a vigilance to
detect hallucinations when they occur and correct them
as necessary [17].

A useful thought model can be cited to explain why
vigilance against machine-derived hallucinations is so
crucial. Consider the manner by which some calculator
users will accept a calculator’s answer to a math opera-
tion as inherently correct, while an experienced observer
would quickly detect that an mistake has occurred some-
where in the calculation process, leading to an obvious
error. Those who blindly accept calculated numbers as
correct sometimes fail to recognize that an apparent an-
swer to a problem mis-states the answer by an order of
magnitude or more. Such errors were especially preva-
lent in medicine when nurses or doctors would hurriedly
calculate infusion drip rates for vasoactive drugs, before
pharmacies began supplying standard mixes of drugs
with charts to permit the user to match the patient’s size
and drug dose to the medication’s infusion rate.

The “take-away”is that“guardrails” are needed to pre-
vent machine “hallucinations” from harming patients via
the provision of faulty information. At this time, humans
must provide the greatest portion of these “guardrails”
[17,18].

All of this about hallucinations is not to detract from
some tremendous achievements by generative Al. Gen-
erative Al has achieved high scores in the United States
on its Law School Admissions Test (LSAT) (62" percentile
of first-time test takers) [19] and Medical College Admis-
sions Test (MCAT) [20]. It has also performed as well as
many experienced physicians on the United States Medi-
cal Licensure Exam (USMLE) [21] and other written board

specialty certification or re-certification examinations in
other nations [22-24].

Another “guardrail” to be considered relates to wheth-
er the Al tool is being used as anticipated by the designer
of that tool. There is nothing to assure that an Al tool will
perform as anticipated, if deployed in a manner markedly
different from that for which the tool was designed.

Humans are inherently “wired” to learn more effec-
tively from “stories” than from raw data or data summa-
ries. Generative Al can compose patient narratives into
appealing stories that not only convey the necessary
information while doing so in a compelling manner that
attracts the attention of the reader. However, care must
be taken that the Al tool “learns” from correct data.

Another of the chief challenges of Generative Al is
the speed at which its capabilities are developing, which
is clearly exceeding the rate at which regulations to pro-
vide reasonable “safeguards” can be enacted. The inter-
play between advances in generative Al and the regu-
lation of its use and output will certainly be one of the
more vexing challenges of the coming decades.

GENERATIVE Al IN EMERGENCY MEDICINE:
NOW AND IN THE FUTURE

Generative Al is already beginning to enhance the
workflows and workplaces of emergency medicine phy-
sicians who have gained access to Generative Al tools,
and more is promised for physicians and the emergency
departments (EDs) in which they work, for the future.

One recent development is in weapons screening.
EDs are locations where “high stakes” decisions must be
made, where some patients present with non-survivable
illnesses or injuries, and where patients with intoxica-
tions or decompensated mental illnesses present for
care. These factors make emergency department work-
ers among those most likely to suffer workplace violence
or threats of violence. Indeed, one recent report found
that in one urban emergency department, workers av-
eraged one incident or threat of violence for every 3.7
shifts that they worked [25].

Generative Al tools have been deployed in Canada
to screen emergency department (ED) patients and visi-
tors for weapons, without the need for those screened to
empty their pockets of metallic materials. Such a system
was placed into service on April 15, 2025 at the London,
Ontario Health Sciences Center’s University Hospital, af-
ter a firearms shooting in an adjacent parking lot spurred
a drive to enable a safer workplace and treatment space
for all. During the first day and a half of operation, seven
knives were confiscated from ED patients and visitors.
The Windsor, Ontario Regional Hospital has had an Al-
based system in place since October of 2023. At first, ap-
proximately 20 knives were confiscated per day at that
ED. Now, that number has fallen to about six per day.
These Al-enhanced system reliably discriminated po-
tential weapons (chiefly knives in Canada) from other
metallic objects such as keys, mobile phones or pocket
change. The system sounds an alarm when it concludes
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a weapon may be present, and its performance has been
highly reliable [26].

Other ED operations tools have been developed. A
tool from “Mednition” called “KATE" has already been doc-
umented to improve the speed and accuracy of “Emer-
gency Severity Index” (ESI) triage decisions, compared to
ESI assignments derived from nursing-performed triage
[27]. Britain's National Health Service has created an Al-
informed tool that was deployed at its Kettering Hospital
and which improved inpatient bed allocation and man-
agement processes, toward ameliorating the “gridlock”
that plagues ED throughput due to an inability to admit
to-be-admitted patients into their inpatient hospital beds
[28]. Attempts are being made to leverage Al to model
ED staffing needs to accommodate for combined influ-
ences of historical staffing need trends and real-time pa-
tient data, but it appears that these efforts have not yet
achieved sufficient refinement to enable replacement of
humans for staff scheduling functions [29].

Toward enhanced diagnosis, “Smart technology” is
advancing at a rapid pace. One interesting development
that could enhance emergency physicians’ performance
of a seldom-utilized skill is a hand-held eye fundus cam-
era, that can provide high quality images without the
need to dilate the pupil. But, even more impressively, its
Al-enhanced functionality can detect pathologic changes
such as diabetic retinopathy in seven seconds or less [30].

Also, Al-enhanced software has proven useful in
helping emergency physicians reliably acquire highly
useful ultrasound images with minimal training. Studies
of image quality obtained by inexperienced ultrasonog-
rapher-emergency physicians, as reported by a team led
by Cristiana Baloescu, MD, MPH, an assistant professor of
emergency medicine at Yale University School of Medi-
cine, have shown that after just a short training session,
novices with no or minimal prior experience at obtaining
trans-thoracic echocardiograms, if provided Al guidance,
can produce “expert-level” lung ultrasound images [31].

One needs only to think of the numerous patients
with dysnpnea that are managed by emergency physi-
cians, when the dilemma is whether the dyspnea is due
to a COPD exacerbation or asthma (which can cause air
trapping in the lungs) or by a processes that causes fluid
acquisition in the lungs, such as pneumonia or acute
decompensated cardiac insufficiency, to visualize the
usefulness of this advance. Fluid-overloaded lungs will
typically exhibit “B-lines” that align in an axis vertical to
the ultrasound probe. In contrast, lungs with air trapping
from COPD, without concomitant cardiac insufficiency,
will exhibit “A-lines” that represent reflections of the ul-
trasound wave by the pleura, and are oriented parallel to
the body surface. At 1:40 into 4:20 video of Jacob Avila
“Ultrasound of Pulmonary Edema”, a clear differentiation
between “A-lines” and “B-lines” is presented with excep-
tional clarity [32].

In the patient management front, at least two excit-
ing developments are unfolding. One field of inquiry in-
volves predicting patients at risk of sepsis or other causes

of “clinical deterioration”, and the other concerns a new
means to accurately monitor patients in shock states for
their cardiac output.

As regards sepsis, Suchi Saria, the director of the Ma-
chine Learning and Healthcare Lab at Johns Hopkins
University, along with her team, have produced an effec-
tive, Al-derived sepsis early warning score, the “Targeted
Real-time Early Warning System (“TREWS”). They have
produced compelling data in large prospective studies,
enrolling over 600,000 patients, in which they learned
that caregivers learned to trust TREWS alerts, and sub-
sequently, obtained measurable reductions in mortality
from sepsis. The TREWS algorithm predicts sepsis earlier
and more accurately than other warning scores [33].

This is not to say that all Al-derived prediction tools
outperform human-created ones. Dana Edelson and col-
leagues at the Yale University School of Medicine found
that the British National Health Service’s “National Early
Warning Score” or “NEWS” outperformed the Al-derived
“Epic Clinical Deterioration Index” for predicting pa-
tients’ physical deterioration in an Intensive Care Unit
(ICU) setting [34].

The obtaining of accurate cardiac output data would
be invaluable when sorting shock states. “Distributive”
shock states, such as septic shock, typically are accom-
panied by high cardiac contractility and cardiac output.
“Cardiogenic” shock from decompensated cardiac insuffi-
ciency has low cardiac outputs and low ejection fractions.
Shock that is “Hemorrhagic” or “Hypovolemic’, as typically
accompanies trauma or internal bleeding, is characterized
by low cardiac output despite high contractility. “Obstruc-
tive” shock states such as occurs with pulmonary emboli
and tension pneumothorax tend to cause right ventricu-
lar overload and low cardiac output. Ultrasound machine
manufacturers have created models that can grade the
quality of a cardiac ultrasound and suggest that the ul-
trasound probe be moved if a low-quality image is being
obtained. Once a high-quality image is obtained, differen-
tiation of shock states is facilitated. One of the first mar-
keted example of these appears to be the “Vivid” system
produced and marketed by General Electric. The reader
can obtain the most up-to-date information about this
system’s capabilities by accessing the product web site
[35]. Other manufacturers can be anticipated to soon en-
ter this market, if they have not already.

No matter which manufacturer’s hardware is utilized,
numerous manufacturers are working to develop ma-
chines that can leverage the fact that the left ventricular
outflow tract approximates a cylinder. The diameter of
the cylinder can be obtained in an apical five-chamber
view of the heart. The motion of the tricuspid valve be-
tween end-diastole and end-systole will approximate
the height of the cylinder of blood ejected per beat.
Thus, with the diameter and the height of the cylinder
determined, the machine can estimate stroke volume,
and this times heart rate will yield cardiac output. There
is no longer any need to apply the Fick equation to de-
rive cardiac output invasively!
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For medical record documentation, Al tools are being
developed with the goal of becoming able to produce
attractive story-like narratives obtained after recording
real-time voice data from physician-patient encoun-
ters. Such software would be required to understand
both the clinician and the patient to function usefully,
and Al enhances this ability. Such an advance promises
significant time-savings for the clinician, and in an era
when physician supply is falling short of physician de-
mand, any tool that could enable a physician to evaluate
more patients per day without impinging on post-work
time for documentation obligations. Thus, such a system
could enhance patient access to care while providing a
partial remedy for physician “burnout” that derives from
documentation obligations.

For a recent review of how non-emergency physi-
cians are creatively using Al-driven tools to enhance
their diagnosis of patients and documentation of care, a
review published in April of 2025 is available [36]. It can
be readily anticipated that many of the clever approach-
es of our non-emergency medicine colleagues will soon
become adopted and evaluated within our specialty.

A USEFUL Al RESOURCE

As noted above, Al is advancing at an exceptional rate,
and no one can keep up on all developments in the field,
even if one limits one’s focus to developments relevant to
medicine in general and emergency medicine in particu-
lar. The Journal of the American Medical Association and
its family of journals has recently created “JAMA-AI". It was
launched after the JAMA Editor-in-Chief Kirsten Bibbins-
Domingo or colleagues interviewed numerous “thought

REFERENCES

leaders”in Al as regards medical issues, with the abridged
versions of these interviews appearing periodically in the
JAMA beginning in November of 2023.

A CAUTIONARY NOTE

Most Al in general use has learned from open-source
data that may or may not be particularly accurate. Be-
fore implementing Al in one’s practice, one should be
sure that the Al tool was “trained” on accurate and reli-
able data. Tools that are trained on the Internet risk inac-
curacy, because the Internet, “writ large”, can be thought
of as the world’s largest graffiti board. One should insist
on using tools that have been properly trained on appro-
priate and applicable data sets. This matter is explored
further by data scientist Nigham H Shah [371].

SUMMARY

As stated by prior AMA President Jesse Ehrenfeld, MD,
“Itis clear to me that Al will never replace physicians — but
physicians who use Al will replace those who don't”[3].

Itis hoped that this manuscript will provide the read-
er with an enhanced understanding of the “Generations”
of Al, and what each “generation” has brought to medical
care, so that they are equipped to incorporate Al knowl-
edgeably into their work flows.

In addition, by providing an overview of recent and
unfolding developments that show how Al, especially
generative Al, is enhancing medical care in general and
for emergency medicine in particular, it is hoped that
the reader will become a knowledgeable and confident
adopter of these technologies, upon their dissemination
and documentation of effectiveness.

1. HuK. Chat GPT sets record for fastest -growing user base — analyst note. Reuters, February 2, 2023. https://www.reuters.com/technology/chatgpt-sets-
record-fastest-growing-user-base-analyst-note-2023-02-01/ (Access: June 21, 2025).
2. Network of the National Library of Medicine, National Institutes of Health. Generative artificial intelligence. https://www.nnlm.gov/quides/data-thesaurus/

generative-artificial-intelligence (Access: June 21, 2025)

3. Schumaker E, Leonard B, Paun C, Peng E. AMA President: Al will not replace doctors. Politico, July 10, 2023. https://www.politico.com/newsletters/future-
pulse/2023/07/10/ai-will-not-replace-us-ama-president-says-00105374 (Access: June 21, 2025).
. Garry Kasparov. Man vs Machine. https://www.kasparov.com/timeline-event/deep-blue/ (Access: June 21, 2025).
5. YaoD.25years ago today. How Deep Blue vs Kasparov changed Al forever. Al Business; May 10, 2022. https://aibusiness.com/ml/25-years-ago-today-how-
deep-blue-vs-kasparov-changed-ai-foreverfclose-modal (Access: June 21, 2025).
6. Wilcox A, Griffith M, Griffith 0. Looking forward to Al and medicine. Where are we, and where are we going? Mo Med. 2025;122(1):34-38.
7. Valluri K. Appropriate antibiotic selection chart. Baylor College of Medicine, July 2015. https://www.researchgate.net/publication/279852710_

Appropriate_Antibiotic_Selection_Chart (Access; June 21, 2025).

8. HswenY, Abbasi J. Al will-and should-change medical education, says Harvard’s Dean for Medical Education. JAMA Medical News and Perspectives. JAMA

2023;330(19):1820-1823. doi: 10.1001/jama.2023.19295.

9. Wilcox AB, Hripcsak G. The role of domain knowledge in automating medical text report classification. J Am Med Inform Assoc. 2003;10(4):330- 338. doi:

10.1197/jamia.M1157.

10. LeCunY, BengioY, Hinton G. Deep learning. Nature. 2015;521:436-444. doi: 10.1038/nature14539.

11, .YueT,WangY, Zhang L, et al. Deep Learning for Genomics: From Early Neural Nets to Modern Large Language Models. Int J Mol Sci. 2023;24(21):15858. doi:

12.

10.3390/ijms242115858.

National Safety Council. NSC estimates over 44,000 traffic deaths in 2024. March 11, 2025. https://www.nsc.org/newsroom/nsc-estimates-over-
44,000-traffic-deaths-in-20244#:~text=National%20trend%200bscures%20dramatic%20regional %20differences%20in%20roadway%20safety%-
20challenges.&text=WASHINGTON9%2(%20D.C.%20%E2%80%93%20Preliminary%20analysis%20from,the%20United%20States%20during%202024.
(Access: June 21, 2025).



Artificial Intelligence and the practice of emergency medicine

13.  Road Traffic Injuries. World Health Organization, December 13, 2023. https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries (Access:
June 22, 2025).

14. Thomas S. Generative Al and self-driving vehicles. A potential future. Forbes, November 22, 2024. https://www.forbes.com/councils/
forbesbusinessdevelopmentcouncil/2024/11/22/generative-ai-and-self-driving-vehicles-a-potential-future/ (Access: June 21, 2025).

15.  Eliot L. Generative Al as your personal biographer to memorably capture your family’s legacy. Forbes, December 18, 2024. https://www.forbes.com/sites/
lanceeliot/2024/12/18/generative-ai-as-your-personal-hiographer-to-memorably-capture-your-familys-legacy/ (Access: June 21, 2025).

16. Rhyu KH. The surge of artificial intelligence in scientific writing. Who will hold the rudder, you or AI? Hip Pelvis. 2024;36:231-33. doi: 10.5371/
hp.2024.36.4.231.

17.  Goodman KE, Yee PH, Morgan DJ. Al-generated clinical summaries require more than accuracy. JAMA 2024;331(8):637-8. doi: 10.1001/jama.2024.0555.

18.  Alkaissi H, McFarlane SI. Artificial hallucinations in ChatGPT: implications in scientific writing. Cureus. 2023;15:¢35179. doi: 10.7759/cureus.35179.

19.  Bliss J. Has Al passed or aced law exams? Empirical Studies of Al Lawyering. January 3, 2024. https://ai-lawyering.blog/2024/01/08/misperceptions-how-
well-has-ai-performed-on-law-exams/ (Access: June 21, 2025).

20.  Bommineni VL, Bhagwar S, Balcarcel D, Davatzikos C, Boyer D. Performance of ChatGPT on the MCAT. The road to personalized and equitable premedical
learning. MedRxiv, June 6, 2023. https://www.medrxiv.org/content/10.1101/2023.03.05.23286533v3 (Access: June 21, 2025).

21. DePeau-Wilson M. Al Passes US Medical Licensing Exam. MedPage Today, January 19, 2023. https://www.medpagetoday.com/special-reports/
exclusives/102705 (Access: June 21, 2025).

22. Lin SY, Hsu YY, Ju SW, Yeh PC, Hsu WH, Kao CH. Assessing Al efficacy in medical knowledge tests: a study using Taiwan’s internal medicine exam questions
from 2020 to 2023. Digit Health. 2024;10:20552076241291404. doi: 10.1177/20552076241291404

23.  Meyer A, Riese J, Streichert T. Comparison of the performance of GPT-3.5 and GPT-4 with that of medical students on the written German medical licensing
examination: observational study. JMIR Med Educ. 2024;10:e50965. doi: 10.2196/50965

24, Kelly SM. ChatGPT passes exams from law and business schools [Internet] CNN Business; 2023. Jan 26. https://edition.cnn.com/2023/01/26/tech/chatgpt-
passes-exams/index.html (Access: 2024 Nov 3).

25. Doehring MC, Palmer M, Satorius A, et al. Workplace violence in a large urban emergency department. JAMA Netw Open 2024 Nov 4;7(11):e2443160. doi:
10.1001/jamanetworkopen.2024.43160.

26.  The Canadian Press. Some emergency departments installing Al weapons detection amid rising violence. CHCH News, April 21, 2025. https://www.chch.
com/chch-news/some-emergency-departments-installing-ai-weapons-detection-amid-rising-violence/ (Access: June 21, 2025

27.  Ivanov 0, WolfF, Brecher D et al. Improving ED Emergency Severity Index acuity assessment using machine learning and clinical natural language processing.
JEmerg Nurs. 2021;47:265-78. doi: 10.1016/}.jen.2020.11.001.

28.  Environment AC. Using Al to improve patient bed allocation decisions in hospital. GOV.UK. October 12, 2023. Available at: https://www.gov.uk/government/
case-studies/using-ai-to-improve-patient-bed-allocation-decisions-in-hospital (Access: June 23, 2025).

29. Dym A. Artificial intelligence and emergency medicine: Current applications and beyond. Common Sense, the newsletter of the American Academy of
Emergency Medicine;November/December, 2024:20-22 https://issuu.com/aaeminfo/docs/cs24_novdec-vfinal?fr=xKAE9_zUTNQ (Access: June 23, 2025).

30. MathersD.Smartphone-Based Eye Exam forthe ED.TechnologyandInventions.Emerg Med News. 2024;46(8):20.doi: 10.1097/01.EEM.0001027848.42352.05

31. HswenY, Abbasi J. Al-guided lung ultrasounds could help nonexpert clinicians acquire “expert-level” images. JAMA Medical News and Perspectives. JAMA
2025;333:1019-20 doi:10.1001/jama.2024.18773.

32.  AvilaJ. Ultrasound of Pulmonary Edema. EmRap. 2016; October 3. https://www.youtube.com/watch?v=VzgX9ihnmec (Access: June 21, 2025)

33.  Keen CE. Targeted real-time early warning system for hospitals. Healthcare in Europe.com. November 14,2022. https://healthcare-in-europe.com/en/
news/early-detection-sepsis-ai.html (Access: June 21, 2025).

34.  PerlisR, Abbasi J. Researchers compared hospital early warning scores for clinical deterioration. Here's what they learned. JAMA 2025 Feb 4;333(5):363-365.
doi: 10.1001/jama.2024.24062.

35.  GEHealth Care. Vivid cardiovascular ultrasound (web site) https://www.gehealthcare.com/products/ultrasound/vivid (Access: September 26, 2025)

36. Anderson T. Doctors are getting creative with artificial intelligence. Medscape Medical News, April 7, 2025 https://www.medscape.com/viewarticle/
doctors-are-getting-creative-artificial-intelligence-2025a100089m (Access: June 21, 2025).

37. Voelker R, Hswen Y. Clinical Al tools must be fed the right data, Stanford’s chief health care data scientist says. JAMA. 2023;330:2137-9. doi: 10.1001/
jama.2023.19297.

CONFLICT OF INTEREST

The Authors declare no conflict of interest.

ADDRESS FOR CORRESPONDENCE
Gary Gaddis

Biomedical and Health Informatics University
of Missouri-Kansas City School of Medicine

Kansas City, USA @@@@
BY NC ND

e-mail: garymgaddis86@gmail.com CREATIVE COMMONS 4.0
RECEIVED: 30.05.2025
ORCID AND CONTRIBUTION ACCEPTED: 16.08.2025

Gary Gaddis: 0000-0002-1708-0268 OB

@ — Work concept and design, @ — Data collection and analysis, @ — Responsibility for statistical analysis, & — Writing the article, @ — Critical review, @ — Final approval

127



128

Emerg Med Serv, 2025; XII, 3: 128-136 © ALUNA Publishing House

ORIGINAL ARTICLE DOI: 10.36740/EmeMS202503102

Three different appendicitis diagnostic scores in pediatric
emergency department
Urte Oniunaite’, Jurate Pakrosnyte?, Zygimantas Migauskas®, Lina Jankauskaite'

'DEPARTMENT OF PEDIATRICS, MEDICAL ACADEMY, LITHUANIAN UNIVERSITY OF HEALTH SCIENCES, KAUNAS, LITHUANIA
“DEPARTMENT OF PEDIATRIC SURGERY, MEDICAL ACADEMY, LITHUANIAN UNIVERSITY OF HEALTH SCIENCES, KAUNAS, LITHUANIA
SFACULTY OF MEDICINE, MEDICAL ACADEMY, LITHUANIAN UNIVERSITY OF HEALTH SCIENCES, KAUNAS, LITHUANIA

ABSTRACT

Aim: Acute abdominal pain is a frequent pediatric emergency department (PED) complaint, with appendicitis as the top surgical cause. Diagnosis is challeng-
ing, especially in young children with vague symptoms. In this study we aimed to examine the alignment of Alvarado, PAS scores, and ultrasound with final
appendicitis diagnoses.

Materials and Methods: We conducted a retrospective single-center study of children aged 1-17 presenting with abdominal pain to our PED in September
2018. Alvarado, PAS, and HAS scores were calculated, and their diagnostic accuracy was assessed using AUC analysis.

Results: 0f 254 children (52.8% female, mean age 9.26 + 4.64 years), 53 were diagnosed with appendicitis. Blood tests were performed in ~50%, and 95%
had an abdominal US. Appendicitis was more common in older children and significantly associated with leukocytosis, neutrophilia, and CRP >60 mg/L. The
Alvarado score showed a significant association (p < 0.001) and highest AUC (0.612), while PAS and HAS had slightly lower AUCs and were not statistically
significant.

Conclusions: Among clinical scoring systems, the Alvarado Score demonstrated the strongest, though moderate, predictive value for diagnosing appendicitis

in this population.

KEY WORDS
appendicitis, scores, pediatric, Emergency Medicine, Alvarado, PAS

INTRODUCTION

Acute abdominal pain is one of the most common
reasons for pediatric visits to the Pediatric Emergency De-
partment (PED), with appendicitis being the leading sur-
gical cause [1]. Up to 38% of school-aged children report
weekly abdominal pain [2], and it accounts for 10% of PED
visits [3]. Due to its nonspecific nature, the causes vary
widely depending on age, underlying conditions, and
communication ability [1]. Krenke et al. [4] found that 50%
of children with cough, fever, or dyspnea also had abdom-
inal pain, emphasizing the need for thorough evaluation.

Appendicitis affects about 83 per 100,000 children
annually and is the fifth most common reason for pedi-
atric hospitalization in the US. [5, 6]. Diagnosis is difficult,
especially in young children, due to vague symptoms
and reliance on caregiver-reported history [7]. Up to
44% present atypically [8, 9], leading to unnecessary ad-
missions and a 4-17% rate of negative appendectomies
[8, 10, 11]. Missed diagnoses are also rising, resulting in
increased complications, more extended hospital stays,
and higher healthcare costs [12, 13].

Typical appendicitis signs — migratory pain, anorex-
ia, nausea, and vomiting - are often absent in children
under five [14]. Blood tests like White Blood Cell (WBC)
count, Absolute Neutrophil Count (ANC), and C-Reactive

Protein (CRP) are helpful but not specific [6]. Anandalwar
et al. [15] found that combining normal ultrasound (US),
WBC <10.0 x 10°/L, and ANC <65% reduced false nega-
tives to 4.2%. Ultrasound is widely used, but Kashtan
et al. [16] reported 44.7% of scans were nondiagnostic,
with 13.9% still having appendicitis, the accuracy highly
depends on operator skills.

To improve diagnostic accuracy and reduce missed
cases, scores like Alvarado and PAS are used, especially
in smaller or regional hospitals. In this study we aimed
to analyse how the final diagnosis of appendicitis aligns
with such appendicitis scores as Alvarado, PAS, and US
in our PED.

MATERIALS AND METHODS
STUDY DESIGN AND STUDY POPULATION

A retrospective single-center study was conducted
at the Lithuanian University of Health Sciences Hospital
Kauno Klinikos. Data of all children from 1-17 years old
who visited the PED in September 2018 with abdomi-
nal pain were collected. Patients with chronic diseases
(oncologic or/and hematologic diseases, autoimmune
gastroenteric diseases, immunodeficiency) or psychi-
atric illnesses, toxic poisoning, and traumatic causes of
abdominal pain were excluded from the study.
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DATA COLLECTION

Demographic data (age, gender), past medical histo-
ry, clinical history (complaints and duration of symptomes,
vital signs), physical signs (location and characteristic of
pain, associated factors, such as nausea/vomiting, loss
of appetite, fever), laboratory results (complete blood
count (CBC) (leukocytes, ANC), CRP) specific abdominal
US results, and outcomes, such as hospitalization, obser-
vation were collected from the hospital electronic medi-
cal record system. CBC and CRP were assessed according
to the age-specific norms [17].

APPENDICITIS SCORING SYSTEM

Based on literature review and preliminary data
analysis, three different appendicitis scoring systems
were selected for evaluation in all children: the Alvarado
Score, the Pediatric Appendicitis Score (PAS) and the
Heidelberg Appendicitis Score (HAS) [18]. The PAS and
Alvarado scores are both eight-item tools developed to
predict appendicitis in pediatric patients. The HAS was
included as it is the only scoring system that incorpo-
rates US findings. The full list of clinical parameters in-
cluded in each scoring system is listed in Table 1.

STATISTICAL ANALYSIS

Data were collected using MS Excel software, and
statistical analysis was conducted with SPSS 28.0 for
Windows. Qualitative data are presented as counts (n)
and percentages (%). When evaluating the correlation
between the time from symptom onset and various
clinical indicators, children were categorized into four
groups: <24 hours (group 1), =24 hours (group 2). To
assess age-related differences in clinical and diagnos-

tic indicators, patients were categorized into three age
groups: 0-4 years (group 1), 5-9 years (group 2), =210
years (group 3). For outcome-based comparisons, chil-
dren were grouped according to their clinical disposi-
tion: discharged home (group 1), hospitalized (group 2),
observed and discharged home (group 3), observed and
hospitalized (group 4). The Shapiro-Wilk test was used
to assess the normality of data distribution. Continuous
variables are expressed as means * standard deviation
(SD) for normally distributed variables and as medians
with interquartile range (IQR). Group comparisons were
performed using the independent samples t-test for nor-
mally distributed data and the Mann-Whitney U test for
non-parametric data. Categorical variables were com-
pared using the chi-square or Pearson’s chi-square test
was used to assess differences between groups. Logistic
regression models were applied to evaluate the strength
of associations between variables, with 95% confidence
intervals (95% Cl) calculated for each. For further logistic
regression analysis, the age group 1 and group 2 were
pooled together, and the data were stratified according
to 2 age groups as following: =10 years of age (group 1)
and younger (group 2). The diagnostic performance of
the appendicitis scoring systems was assessed using re-
ceiver operating characteristic (ROC) curve analysis. The
area under the ROC curve (AUC) was used to determine
the sensitivity and specificity of each scoring system.
A p-value <0.05 was considered statistically significant.

ETHICAL CONSENT

As the study was retrospective and only aggregated
data was submitted for further analysis, additional ethi-
cal approval was not required.

Table 1. Different scoring systems for diagnosing appendicitis including the different weighing factors for each score

RLQ tenderness

Alvarado

PAS HAS

2 2 1

Peritoneal irritation

1 - 1

WBC (>12 x109/L)

2 1 -

Neutrophilia (>7.9 x109/L)

US demonstrating appendicitis

Cough / hopping tenderness

Nausea / vomiting

Anorexia / urine acetone

Migration of pain

Continues pain

- - 1

Fever

Positive score

1 1 -

5/10 6/10 3/4

PAS — Pediatric Appendicitis Score, WBC — white blood cells, °C — Celsius degree, RLQ — right lower quadrant, HAS — Heidelberg Appendicitis Score, US — ultrasound

Source: Own materials
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Table 2. General characteristics of the study participants

Number of patients included, n 254
Gender (female), n (%) 134 (52.8)
Mean age, +SD 9.24 + 4.64
0-4y.0.* 47 (18.5)
137 (54
Age groups, n (%) 5-9y.0* 90 (35.5)
>10vy.0. 117 (46.0)
<24 h 160 (63)
Duration of symptoms, n (%)
>24 h 94 (37)
Abdominal pain in right quadrant 85 (27.3)
Fever 106 (42.0)
Mean temperature £ SD 37.29£0.87
Symptoms, n (%) Anorexia 21(8.3)
Nausea/vomiting 107 (42.1)
Pain migration to right quadrant 20 (8.0)
Respiratory symptoms 7 (2.76)
Pain location:
LRQ 77 (30.3)
LLQ 26 (10.2)
lower umbilical 33(13.0)
epigastric 31(12.2)
Abdominal palpation** subcostal 21(8.3)
umbilical 24 (9.4)
whole abdomen 40(15.7)
R . 31(12.2)
Peritoneal irritation 31(12.2)
Abdominal muscular rigidity
Appendicitis 53(20.9)
Gastrointestinal pathology 170 (66.9)
Diagnosis groups**
Other abdominal surgical 5(2.0)
Other (including respiratory, etc.) 26 (10.2)
CBC** 123 (48.4)
Leu (mean; +SD) 10.2+3.7
Leukocytosis** 24 (9.4)
Neutrophils (mean, +SD) 69+3.7
Tests in PED
Neutrophilia** 39(15.4)
CRP** 125 (49.2)
CRP (mean, 95% Cl) 21.9(15.3-28.4)
Abdominal US** 241 (95.0)
Discharged 134 (53.0)
Hospitalized 75 (30.0)
Outcome**
24h observation, hospitalized 31(12.0)
24h observation, discharged 13 (5.0)
CRP** 125 (49.2)

CRP (mean, 95% Cl)

21.9(15.3-28.4)
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Abdominal US** 241 (95.0)

Discharged 134 (53.0)
Hospitalized 75 (30.0)

24h observation, hospitalized 31(12.0)
24h observation, discharged 13(5.0)

PED — pediatric emergency department; n — total number of participants; Cl — confidence intervals; y.0. — years old; CBC — complete blood count; CRP — C-reactive protein; US — ultrasound;

h—hour; SD — standard deviation, IQR — interquartile range, LRQ — lower right quadrant, LLQ — lower left quadrant. *identified data which was pooled for more thorough analysis; **n (%)

Source: Own materials

Table 3. Factors associated with hospitalisation vs. discharge home

Hospitalized Discharged p value
Decreased appetite* 8/89 (9.0) 13/164 (7.9) 0.770
Abdominal pain migration* 12/84 (14.2) 8/165 (4.8) 0.015
Nausea/vomiting* 37/89 (41.6) 70/163 (42.9) 0.957
Duration of pain (up to 24 h) * 54/89 (60.7)  106/165 (64.2) 0.407
Fever (<38°C) * 63/89(70.8)  135/165(81.8) 0.151
Peritoneal irritation* 23/89(25.8) 8/165 (4.8) <0.001
n — total number of participants; % — percentage; p — probability; °C — degree Celsius; *n (%)
Source: Own materials
Table 4. Multivariate analysis of factors associated with hospitalisation
OR 95% ClI p value OR* 95% Cl p value
Abdominal pain migration** 3.06 1.2-7.79 <0.001 1.41 0.45-4.46 0.561
Peritoneal irritation** 9.17 3.1-26.9 <0.001 7.98 2.62-24.28 <0.001

n — number; % — percentage; OR — odds ratio; CI — confidence interval; p — probability; *adjusted to age; **n (%)

Source: Own materials

RESULTS
GENERAL CHARACTERISTICS OF THE STUDY

A total of 254 children with abdominal pain were
included in the study. 52.8% were female. The mean
age was 9.26 + 4.64 years, with the largest group of
children aged =10 years (46%). Majority (63%) of the
patients presented to the PED within 24h from the on-
set of symptom. Most commonly, children complained
about lower right quadrant (LRQ) abdominal pain, of-
ten accompanied by nausea/vomiting and fever. Over
half of the patients were discharged after the evalua-
tion. The clinical diagnosis of appendicitis was made
in 53 patients (20.9%), while the remaining cases were
attributed to other gastrointestinal causes: constipa-
tion, mesadenitis, gastritis, gastroenteritis, or other pa-
thologies: ovarian cysts, urinary or respiratory tract in-
fections. Laboratory investigations were performed in
nearly half of the patients, with CBC in 48.4% and CRP
testing in 49.2%. Leukocytosis was observed in 9.4%
and neutrophilia in 15.4% of patients. The median CRP
level was 21.9 mg/L (95% Cl 15.3-28.4). Abdominal US
was performed in 95.0% of patients.

Regarding outcomes, 53.0% of patients were dis-
charged home, 30.0% required hospitalization, and

17.0% underwent 24-hour observation, with 12.0%
subsequently hospitalized and 5.0% discharged. Addi-
tional descriptive statistics are provided in Table 2.

ASSOCIATIONS BETWEEN CLINICAL FEATURES
AND PATIENT CHARACTERISTICS

There was no statistically significant difference in
time of arrival between the age groups; the majority ar-
rived <24h of the onset of abdominal pain. More older
children were diagnosed with appendicitis (33 vs. 20,
p=0.008). Nearly half of the patients in all age groups
presented with nausea and vomiting. Older patients
noted focal pain (right abdominal) while younger pa-
tients presented with more diffuse abdominal pain
(p<0.001). Older children complained of abdominal
pain migration significantly more frequently com-
pared to younger ones (16/117 vs. 4/137, respectively,
p=0.002), lack of this symptom was associated with
other gastrointestinal diseases than appendicitis in
both groups (odds ratio (OR) 2.17, 95% Cl 1.14-4.13;
p=0.017). None of the symptoms differ between female
and male. On abdominal examination, older children
were more likely to present with abdominal irritation
(OR 13;95% Cl 3.6-51.6).
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OUTCOME MEASURES

There was no significant difference in hospitaliza-
tion rates based on age groups or symptoms (fever,
nausea/vomiting, or decreased appetite), only patients
with reported abdominal pain migration (40% vs. 60%,
p=0.015), peritoneal irritation (25.8% vs. 74.2%, p<0.001)
were hospitalized more frequently. More information
provided in Table 3. In the multivariate analysis, only
children with abdominal pain migration were 3 times
more likely and with peritoneal irritation were 9 times
more likely to be hospitalized (95% 12-7.79; p<0.001; OR
(adjusted to age) 1.41. 95% Cl 0.45-4.46; p=0.561; 95%
Cl 3.13-26,92; p <0.001; OR (adjusted to age) 7.97, 95%
Cl 2.62-24.28; p<0.001, respectively). Results shown in
Table 4. Interestingly, we found that girls with appen-
dicitis were hospitalised more often, compared to male
patients (63.3% vs 36.7%, p=0.029).

CLINICAL AND DIAGNOSTIC PARAMETERS
IN APPENDICITIS AND OTHER CAUSES
OF ABDOMINAL PAIN

There were no statistically significant differences be-
tween the appendicitis and non-appendicitis groups in
terms of nausea/vomiting (37.7% vs. 43.7%, p=0.504),
anorexia (7.5% vs. 8.5%, p=0.823), fever (28.8% vs. 20.0%,
p=0.210), or symptom duration (p=0.834). Similarly, pain
migration to the RLQ (9.4% vs. 7.5%, p = 0.636) and ab-
dominal muscular rigidity (20.8% vs. 10.0%, p=0.064)
did not significantly differ between groups. However,
peritoneal irritation was significantly more common in
children with appendicitis (30.2% vs. 7.5%, p < 0.001),
as were elevated inflammatory markers. Children with

Table 5. Signs and symptoms used in scores to diagnose appendicitis

appendicitis had significantly higher rates of leukocyto-
sis (WBC >12 x 10%/L; 15.1% vs. 8.0%, p=0.008), neutro-
philia (>7.9 x 10°/L; 22.6% vs. 13.4%, p=0.009), and CRP
>60 mg/L (7.5% vs. 5.5%, p=0.011). Ultrasound findings
indicating an enlarged appendix (=6 mm) did not sig-
nificantly differ between groups (p=0.388). Other results
shown in Table 5.

DIAGNOSTIC PERFORMANCE OF APPENDICITIS
SCORING SYSTEMS

The diagnostic utility of three appendicitis scoring
systems — Alvarado Score, PAS, and HAS — was evaluated
in 254 children (252 for HAS due to missing data). In the
Alvarado Score group, 44 children had a positive score
(=5 points), which is considered indicative of higher like-
lihood of appendicitis. Among these, 25 patients were
confirmed to have appendicitis, yielding a statistically
significant association (p<0.001). The diagnostic accura-
cy of the Alvarado Score, as assessed by ROC AUC - 0.612
(95% Cl 0.521-0.702), indicating modest discriminative
ability.

For the PAS, 15 children had a score of =5, with ap-
pendicitis confirmed in 11 of these cases. This associa-
tion was not statistically significant (p=0.133). The AUC
- 0.614 (95% ClI 0.52-0.71), also reflecting limited diag-
nostic performance

In the case of the HAS, 5 children scored >3 points,
and 4 of them were diagnosed with appendicitis. How-
ever, the association was not statistically significant
(p=0.725). The AUC was 0.599 (95% Cl 0.52-0.68), sug-
gesting similarly limited discriminatory power. A de-
tailed summary of these results is presented in Table 6.

Symptoms Not appendicitis  Appendicitis p value
Pain migration to LRQ* 15(7.5) 5(9.4) 0.636
Nausea/vomiting* 87 (43.7) 20 (37.7) 0.504
Anorexia* 17 (8.5) 4(7.5) 0.823
Duration <24 h 127 (63.8) 33(62.3) 0.8.34

p value is for all

of symptoms® >4k 72(36.2) 20 (37.7) 4groups
Abdominal muscular rigidity* 20(10.0) 11 (20.8) 0.064
Peritoneal irritation® 15(7.5) 16 (30.2) <0.001
Fever >38°C* 41 (20.0) 15 (28.8) 0.210
WBC (>12 x109/L)* 16 (8.0) 8(15.1) 0.008
Neutrophilia (>7.9 x109/L)* 27 (13.4) 12 (22.6) 0.009
CRP >60 mg/L* 11(5.5) 4(7.5) 0.011
US appendix =6 mm* 25(73.5) 9(26.5) 0.388

n — number; % — percentage; p — probability; LRQ — lower right quadrant, h — hour, °C — degree Celsius; *n (%)

Source: Own materials
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Table 6. Positive score in different scales: appendicitis vs. other cause
Alvarado score PAS HAS

n=254 p value n=254 p value n=252 p value
Positive score* [n] 44 - 17 - 5 -
g?azenntiicsl:t: > <0.001 " 0.133 * 0.725
Other; n 19 6 1
AUC (95% CI) 0.612 (0.52-0.70) 0.016 0.614 (0.52-0.71) 0.017 0.599 (0.52-0.68) 0.014

*positive score according to Alvarado is 5/10; PAS 6/10; HAS %; p — probability; n — number; PAS — Pediatric Appendicitis Score; HAS — Heidelberg Appendicitis Score, AUC — area under the curve;
9% — percentage, Cl — confidence interval

Source: Own materials

ROC Curve
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Curve
—— alvarado score
08 ——HAS _total
—PAS Score
——Reference Line
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Q
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1 - Specificity

Fig. 1. ROC of Alvarado, PAS, and HAS scores in patients with suspected appendicitis

Source: Own materials
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The ROC curves for the Alvarado score, PAS, and HAS are
depicted in Figure 1.

DISCUSSION

In this study, we evaluated the clinical presentation,
diagnostic investigations, and performance of three ap-
pendicitis scoring systems — Alvarado Score, PAS and
HAS - in a cohort of 254 pediatric patients presenting
with abdominal pain to a PED. Appendicitis was con-
firmed in 20.9% of cases, with the remainder attributed
to various gastrointestinal and non-abdominal causes.
Our findings offer important insights into the utility and
limitations of clinical and laboratory parameters, as well
as existing scoring tools, in the diagnostic workup of
pediatric appendicitis.

Consistent with previous studies, the most common
symptoms in our cohort were RLQ pain, nausea/vomit-
ing, and fever, with peritoneal signs and focal tender-
ness more frequently observed in older children [12].
While classical features such as pain migration and ano-
rexia were reported, their frequency was relatively low
and did not significantly differentiate appendicitis from
other causes. This aligns with findings from Woo Song
et al. [19], who demonstrated that appendicitis in pre-
school-aged children often presents with nonspecific
symptoms, shows rapid clinical progression, and is as-
sociated with a higher rate of complications. Lounis et
al. [20] further emphasized the impact of age, reporting
that younger children tend to experience longer symp-
tom durations, more pronounced systemic responses,
and increased rates of perforation — primarily due to di-
agnostic delays. In our study, no significant association
was found between patient age and time to diagnosis
or symptom specificity. This discrepancy may be attrib-
uted to our inclusion of a broader pediatric population
(up to 18 years of age), without exclusive analysis of pre-
school-aged children. Interestingly, the majority of chil-
dren presented within 24 hours of symptom onset, yet
time of arrival was not significantly associated with final
diagnosis or hospitalization, suggesting that symptom
duration alone is not a reliable predictor of appendicitis
in children. Our observation that older children more fre-
quently exhibited pain migration and focal tenderness
supports prior evidence that diagnostic clarity improves
with age due to better symptom localization and com-
munication [21].

Our data showed that peritoneal irritation was the
most specific clinical sign for appendicitis, present in
30.2% of appendicitis cases compared to 7.5% in others
(p<0.001). Additionally, elevated inflammatory markers
- leucocytosis, neutrophilia, and CRP >60 mg/L - were
significantly associated with appendicitis. These find-
ings are consistent with prior research supporting the
combined diagnostic value of laboratory markers and
clinical signs [22, 23]. Furthermore, Lan et al. [24] investi-
gated the role of leukocytes, neutrophil count, and CRP
levels in distinguishing between complicated and un-
complicated appendicitis cases. Their findings showed

that these inflammatory markers, particularly when
used in combination, exhibited increased sensitivity for
identifying complicated cases. Reismann et al. [25] de-
veloped and validated a composite biomarker signature,
it outperformed traditional single-marker assessments,
such as CRP, WBC count, and ANC. Notably, their study
also found that US parameters - specifically appendiceal
diameter-lacked significant predictive capacity in differ-
entiating disease severity.

In terms of diagnostic tools, in our study, abdominal
US was performed in 95% of cases, yet an appendix >6
mm was not significantly more common among those di-
agnosed with appendicitis (p=0.388). Non-visualization
rates can be high, with one study reporting a 73% rate
of cases [26]. Various studies have shown moderate sen-
sitivity (62.7-96.4%) and specificity (79.1-96.0%) for US in
diagnosing appendicitis [26, 27]. Factors affecting visu-
alization include patient age, weight, and the presence
of specific sonographic findings. While the US remains
a first-line modality due to its safety and accessibility,
obesity, particularly in males, increases the likelihood of
inaccurate US results [28]. Despite these limitations, US
remains valuable due to its safety and accessibility.

We assessed the diagnostic performance of three
commonly used scoring systems. The Alvarado Score
showed a statistically significant association with ap-
pendicitis (p<0.001) and the highest AUC (0.612, 95%
Cl: 0.52-0.70) but still demonstrated limited discrimina-
tive ability. The PAS and HAS had slightly lower AUCs
(0.614 and 0.599, respectively) and did not show statis-
tically significant associations with confirmed appendi-
citis. These modest AUC values suggest that while such
scores can aid in decision-making, they should not be
used in isolation. A meta-analysis by Benabbas et al. [29]
reported similar diagnostic limitations of both the Alva-
rado Score and PAS, especially in younger children. In a
study by Woo Song et al. [19], clinical scoring systems,
such as the PAS and modified Alvarado Score, showed
lower scores in appendicitis cases in preschool children
compared to school-aged children. Rassi et al. [30] re-
ported that the performance of the Alvarado Scores was
suboptimal in children under 4 years of age, with the
AUC of 0.73, while PAS demonstrated even lower AUC of
0.69 in the younger children. Interestingly, some studies
already showed that some new scores - the pediatric
Appendicitis Risk Calculator (pARC), appendicitis inflam-
matory response (AIR) — provided superior diagnostic
performance compared to the PAS and Alavarado score
[31, 32]. In our study, we did not evaluate the AIR score
or pARC, as clinical decision-making in our institution
predominantly relies on the PAS and/or Alvarado Score.
We did include the HAS score in our analysis, as our re-
sults showed 95% of children received abdominal US.
However, sensitivity and specificity analyses further con-
firmed the limited standalone performance of all three
scores. At lower thresholds (=0.5), sensitivity was high,
but specificity was poor. Conversely, at higher thresh-
olds (=5.5 and above), specificity improved, but sensitiv-
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ity dropped sharply, indicating that these tools may be
better suited for ruling out rather than confirming ap-
pendicitis, depending on the clinical context. Thus, the
alternative scoring systems, such as pARC and AIR score,
warrant further investigation in our future studies, with
the potential for integration into routine clinical practice.

Multivariate analysis revealed that peritoneal ir-
ritation was the strongest independent predictor of
hospitalization (adjusted OR: 7.97, 95% Cl: 2.62-24.28;
p<0.001), further supporting its clinical relevance in de-
cision-making. Notably, girls with appendicitis were hos-
pitalized more frequently than boys (63.3% vs. 36.7%,
p=0.029), a finding warranting further exploration re-
garding potential gender bias or differences in presen-
tation. A study identified sex-based disparities in the
diagnosis of appendicitis: older female patients exhibit
a higher likelihood of false-positive appendicitis diag-
noses [33], no significant difference in length of hospital
stay (LOS) between male and female patients represent-
ed [34]. However, the study demonstrated that the pres-
ence of abscess, free fluid in the right upper quadrant on
US/MRI/CT, and CRP >12mg/dl were independent pre-
dictors of prolonged hospitalization.

Our findings underscore the importance of com-
bining clinical judgment with structured assessments.

While scoring systems like Alvarado, PAS, and HAS offer
guidance, their modest diagnostic performance empha-
sizes the need for careful interpretation in the pediat-
ric setting. Future efforts may benefit from integrating
newer biomarkers (e.g., procalcitonin, fecal calprotectin)
or artificial intelligence-based decision tools to enhance
diagnostic accuracy [35, 36].

CONCLUSIONS

In conclusion, our study underscores the comple-
mentary value of clinical signs and laboratory markers in
diagnosing pediatric appendicitis, while also highlight-
ing the limitations of current diagnostic tools. Although
the Alvarado Score showed a statistically significant as-
sociation with appendicitis, its overall power remained
modest. The PAS and HAS performed similarly but
lacked statistical significance. These findings emphasize
that while existing scoring systems can support clinical
judgment, they are insufficient as standalone diagnos-
tic tools. Moreover, the limited utility of US — particularly
when the appendix is not visualized - further supports
the need for a more integrated diagnostic approach.
Future research should explore alternative scoring sys-
tems and prediction rules for potential implementation
in clinical practice.
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ABSTRACT

Aim: To empirically assess the relationship between homelessness and the use of psychoactive substances, with particular emphasis on the identification of
the most commonly used substances and the explanation of the basic sources of financing their acquisition.

Material and methods: The study was conducted in Warsaw from December 2024 to February 2025. The research sample consisted of 50 people in the
homelessness crisis (46 men and 4 women), recruited from people living on the streets, in shelters and shelters. A mixed quantitative-qualitative method was
used, using the CAPI technique and a self-developed research questionnaire containing closed and open questions.

Results: The vast majority of respondents (80%) declared the use of psychoactive substances. Legal substances such as cigarettes and alcohol were the most
frequently reported. The main sources of income for the purchase of substances were begging (transshipment, collection of secondary raw materials) and social
assistance. Statistical analysis of the sample showed a significant correlation (p < 0.05) between homelessness status and substance use.

Conclusions: The results of this study support the hypothesis of a two-way relationship between addiction and homelessness, substance use may act as both
a risk factor for homelessness and a coping mechanism for homelessness. The results point to the need for further in-depth research and the development of
integrated interdisciplinary strategies to support people experiencing homelessness. Such strategies should include addiction treatment, social intervention

and reintegration programmes.

KEY WORDS
homelessness crisis, addiction, psychoactive substances

INTRODUCTION

“The Act of 12 March 2004 on Social Assistance de-
fines a homeless person as a person who does not live
in a dwelling within the meaning of the provisions on
the protection of tenants and who is not registered as a
permanent residence in any dwelling, as well as a person
who cannot live in his or her place of residence due to
incapacity to live”[1].

Homelessness is a multifaceted and challenging
phenomenon that manifests itself in various forms, from
total street homelessness to sleeping in parks, staying
in public buildings and using temporary shelter accom-
modation. This diversity, combined with the different
definitions and measurement methodologies adopted
in different countries, complicates the comparative
analysis. Statistics often overlook people experiencing
short-term homelessness, people temporarily staying
with friends, living in cars, or avoiding formal support
networks. Despite the difficulty of grasping the full scale
of this phenomenon, one factor is clear: the lack of stable
housing has a significant impact on health, life expec-
tancy and poverty levels [2].

In the social structure, addictions are particularly
prevalent among economically excluded groups, such
as the unemployed and pensioners. Epidemiological
data from the nationwide EZOP Il survey on the preva-

lence of mental disorders in Poland have shown that
the prevalence of disorders related to alcohol and drug
use in these groups is significantly higher compared to
professionally active people [3]. This suggests a strong
correlation between social status and addiction risk.
Poor status and homelessness, as an extreme form of
economic exclusion, are at the epicenter of this risk of
substance use and abuse [3, 4].

Both the political context and family of origin, as
well as crises occurring in the later stages of life [4], con-
tribute not only to an increase in alcohol consumption,
regardless of socio-economic status, level of education
or profession, but also to the appearance of negative
consequences, including increased mortality [4]. This is
another reason why it is worth including this particularly
vulnerable social group in the study due to its increased
vulnerability to the effects of the crisis.

A new challenge in the context of the use of psycho-
active substances by homeless people is the increase
in the popularity of the so-called new psychoactive
substances, commonly referred to as “” or . According
to the data of the Chief Sanitary Inspector for the years
2020 - 2022, the use of these substances has increased
in marginalized communities, especially in the capitals
of voivodeships, where these substances are more ac-
cessible and cheaper than traditional drugs. This phe-
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nomenon contributes to the increase in the number of
poisonings and deaths among homeless people who do
not have access to regular health care [5].

Along with the observed epidemiological trends,
a wider social problem appears, homeless people ad-
dicted to alcohol and drugs are more and more often
perpetrators or victims of violence and more often come
into conflict with the law. Data from the report The im-
pact of alcohol and drug problems on the safety of local
communities indicate that the increase in the presence
of addicts in public space correlates with an increase in
the sense of danger among residents and the escalation
of risky behaviour in the main urban agglomerations [6].

There are five stages of homelessness:
1.Stage |

- Breakdown of the life plan and family breakdown;
2.Stage Il - Poverty;
3. Stagel lll
- Different dimensions of becoming homeless;
4, Stage IV - Adaptation to homelessness;
5. Stage V - Entrenched (chronic) homelessness [7].

At least two million people in OECD countries have
been identified as experiencing homelessness [8]. In
February 2024, the latest nationwide survey in Poland,
conducted under the auspices of the Ministry of Family,
Labour and Social Policy, identified 31,042 people in the
homelessness crisis. Of these, 80% were men (24,880)
and 20% were women (6,162). Minors (under 18 years
of age) constituted 5% of the study group (1,524). The
highest number of people experiencing homelessness
was found in the Pomeranian (4,575), Silesian (4,050)
and Masovian (3,452), and the fewest in Podlasie (638),
Lubuskie (717) and Opolskie (767).

This indicator indicates the continuing scale of the
problem, but in a broader perspective it shows a gradual
decrease in the number of homeless people per capita.
For comparison: in 2015, 36,161 homeless people were
identified, which is about 94 people per 100 thousand
inhabitants. In 2019, this number was 30,330 people, i.e.
about 80 people per 100 thousand inhabitants. During
the pandemic (2021), this indicator temporarily increased
to about 85 people per 100 thousand, m.in due to difficult
access to assistance services. Data from 2024 therefore
suggest a relative stabilization of the problem of home-
lessness, although not to the same extent in all regions
of Polish. The highest rates were recorded in the follow-
ing voivodeships: Pomorskie (approx. 195 people per 100
thousand), Slaskie (approx. 88 people per 100 thousand)
and Mazowieckie (approx. 63 people per 100 thousand),
which indicates a clear regional differentiation.

The most frequently cited reasons were: alcohol ad-
diction — 19%, family conflicts — 17%, evictions — 11%, [9]

Research shows that homelessness significantly in-
creases the risk of co-occurrence of mental disorders
and addictions, creating a vicious circle that is difficult
to break without comprehensive, multifaceted support.
People experiencing homelessness are at increased risk
of depression, anxiety disorders, and post-traumatic

stress disorder. These conditions often intensify in re-
sponse to chronic stress and traumatic experiences,
leading to increased alcohol and drug consumption as a
way to manage mental pain [10].

In public discourse, homelessness is often equated
with addiction to alcohol, drugs or tobacco. The main
objective of the study was to check whether the home-
lessness crisis is closely related to the use of psychoac-
tive substances. In particular, this included determining
which substances were most commonly used by the
study participants, the frequency of their use, and the
sources of funding for these substances.

MATERIAL AND METHODS

The survey was conducted among people experi-
encing homelessness in Warsaw in the period from De-
cember 2024 to February 2025. The research has been
accredited by the Bioethics Committee of the Medical
University of Warsaw and has been conducted in accord-
ance with ethical principles.

The research sample consisted of 50 respondents (46
men and 4 women). Participants were divided by age
into the following categories: under 30 years old, 30-38,
39-48, 49-58, 59-68 years old and over 68 years old, as
well as according to the duration of homelessness: less
than 1 year, 1-3 years old, 3-5 years old and more than 5
years old. The studied society was diverse in terms of life
situation and personal history. Among the participants
were people who lived on the streets, stayed in shelters
and dormitories, or used hospice care for the homeless.

The selection of the studied group was well thought
out. The data was collected using a proprietary ques-
tionnaire that included both closed and open ques-
tions about the causes of homelessness, substance use
and sources of income. The study also asked about the
frequency and types of substances used, as well as the
financial resources for their acquisition. Participation
was anonymous and voluntary. Before conducting in-
terviews, all respondents were informed of the purpose
of the study and assured of confidentiality. The survey
was conducted using the CAPI method, in which the in-
terviewer personally asked questions to the respondent,
and the answers were recorded directly on an electronic
device.

The questions were asked directly, without euphe-
misms, so that they were as understandable as possi-
ble for the respondent. By answering the question, the
respondent could indicate several substances they use,
determine the frequency of their use using time inter-
vals, as well as choose a source of income from among
those articulated by the interviewer or provide an an-
swer. A significant part of the respondents lived in cer-
tain areas of Warsaw, m.in. Central Station, Western Rail-
way Station, Poniatowski Bridge, Old Town and metro
stations. Thanks to the cooperation of such institutions
as the Holy Cross Hospice for Homeless Men in Mokotow
and the Camillian Mission of the Social Welfare Shel-
ter for Homeless Men, scientists have also managed to
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reach people staying in these facilities. The inclusion cri-
teria required participants to be currently experiencing
homelessness and to be willing to take part in the sur-
vey. The data was analysed for demographic variables,
including gender, age and duration of homelessness.
The statistical analysis was carried out using SPSS soft-
ware, in which the Pearson correlation coefficient was
used to assess the association between homelessness
and substance use. Responses to open-ended questions
were subjected to qualitative analysis to identify recur-
ring patterns and themes.

RESULTS

A total of 50 people experiencing homelessness took
part in the study, including 46 men (92%) and 4 women
(8%). The analysis revealed diverse patterns of substance
use and sources of income to meet everyday needs,
which vary by age and gender (Table 1-2).

The most commonly reported frequency of sub-
stance use was daily use. Some individuals have report-
ed using the substance depending on their financial
means, indicating significant economic conditions. Psy-
choactive substances were also more often used by peo-
ple who cited eviction or family conflicts as the reason
for their homelessness (Fig. 1).

Respondents often gave more than one reason, sug-
gesting the complex nature of the homelessness expe-
rience. Answers such as illness, loss of job, bankruptcy
of the company or inability to take up employment ap-
peared only five times (Fig. 2).

Other respondents, when asked about their source of
income, answered “no income”.

The analysis showed strong correlations between
the source of income and the substances used (p < 0.05).
People who lived off hoarding were more likely to report
their consumption of alcohol, cigarettes, and even hard
drugs such as cocaine or heroin. People using benefits
most often indicated cigarettes and alcohol. Respond-
ents using substances declared spending primarily on
medicines, food and clothing. Among non-food users,
spending was most often limited to food and clothing.
Analysis of the relationship between variables showed
correlations between addiction as a cause of homeless-
ness and daily use of psychoactive substances (Fig. 3).

Analysis of the data shows that one of the clearest
signs of the link between the homelessness crisis and sub-
stance use is how people in crisis manage their incomes.
The correlation between the allocation of funds to stimu-
lants and their actual use reached the value of r = 0.36,
which indicates a moderately positive relationship.

DISCUSSION
USE OF PSYCHOACTIVE SUBSTANCES BY PEOPLE
EXPERIENCING HOMELESSNESS

The main objective of the study was to determine
whether there is a link between homelessness and sub-
stance use. In the analysed sample, consisting mainly of
men (92%, i.e. 46 out of 50 people), a significant number

of respondents reported contact with psychoactive sub-
stances. The demographic structure of the sample corre-
sponds to national trends - as indicated by the Ministry
of Family, Labour and Social Policy (2024), men make up
over 80% of people experiencing homelessness [9].

Respondents pointed to various substances — both
legal, such as cigarettes and alcohol, and illegal, such
as cocaine or heroin. The data show that the most com-
monly used substances were: cigarettes, alcohol, cocaine

These substances are not only present in the lives of
people affected by homelessness. In many difficult situa-
tions, even for the average person, alcohol or other psy-
choactive substances are a kind of escape from everyday
life. They help fill an emotional void, regulate emotions,
or find themselves in a new social group [11].

Emilia Truskotaska's publication “Black Aspects of
Homelessness” puts forward an important thesis that
alcohol plays a role in the integration of the homeless
community. The use of psychoactive substances, espe-
cially alcohol, serves not only to escape from suffering,
but also to have an adaptation mechanism, a ritual that
gives a sense of belonging to a group and a temporary
sense of security. For many people experiencing home-
lessness, life “on the streets” becomes an everyday life
governed by their own norms and rules, in which alcohol
helps alleviate physical suffering (cold, hunger), as well
as mental pain (a sense of rejection, hopelessness). Un-
fortunately, this form of adaptation not only fails to solve
the problem, but exacerbates it, creating a dependence
on both the substance and the social environment that
normalizes this way of life [12].

DIRECTIONS OF CAUSALITY - WHICH CAME FIRST:
ADDICTION OR HOMELESSNESS?

The analysis of the relationship between homeless-
ness and addiction cannot be limited to indicating a
cause-and-effect relationship. The work of Katarzyna
Chotowska [13] discusses the causes of homelessness
among men with higher education. Three out of five
respondents indicated alcohol consumption as the di-
rect cause of their homelessness. The other two became
involved in alcohol problems only after they became
homeless [13].

On the one hand, addiction often leads to the break-
down of family ties, job loss, and eviction, which can
result in homelessness. On the other hand, life on the
streets is associated with intense stress, uncertainty and
trauma. In such situations, psychoactive substances are
often the only tool for “emotional regulation”.

WOMEN EXPERIENCING HOMELESSNESS
AND ADDICTION

The situation of women struggling with homeless-
ness and addiction to psychoactive substances differs
significantly from that of men, both in terms of the
causes of the crisis and the possibility of overcoming
it. Domestic violence, dependence on a partner, fam-
ily instability and traumatic experiences are the most
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Table 1. Psychoactive substance use by men, broken down by age group, type of substance used and sources of funding

. Procentage Procentage
Psychoactive Source
Sex Age of the group . of the group
substances used 19%] of financing %]
18-28 years old Cigarettes 100% Unregistered work 100%
(1 person) Cocaine 100%
Cigarettes 100% Informal collection 100%
or recyclables
Alcohol 100%
29-38 years old
(2 people) Marijuana 100%
Cocaine 50% theft 50%
Heroin 50%
Informal collection 37504
Cigarettes 100% or recyclables
39-48 years old Benefits 25.0%
(9 people) Alcohol 500 Undeclared/casual 25 00
° work R
Marijuana 22.2% Retirement benefits 12.5%
Cigarettes 100% Benefits 41.7%
Informal collection 21.7%
or recyclables
49-58 years old Alcohol 66.7% Other Help/Dona- 25.0%
(16 people) tions/Family
Men Undeclared/casual
(46 respondents, Marijuana 5.9% 16.7%
92%) work
Social Welfare/Social
0, 0,
Methadone 8.3% Insurance (OPS/ZUS) 8.3%
Benefits 50.0%
Cigarettes 91.7%
Retirement benefits 41.7%
59-68 years old (15 Informal collection 16.7%
people) or recyclables
alcohol 33.3% Support for the 8.3%
family ’
No income 8.3%
Cigarettes 100.0% Retirement benefits 66.7%
Benefits 33.3%
Alcohol 66.7%
Retirement benefits 41.7%
68+ yearsl old Informal collection 16.7%
(3 people) or recyclables S
Alcohol 33.3% Support for the 8.3%
family ’
No income 8.3%
68+ years old Cigarettes 100.0% Retirement benefits 66.7%
(3 people) Alcohol 66.7% Benefits 33.3%

Source: Own materials
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Table 2. Women's use of psychoactive substances, broken down by age group, type of substance used, and sources of funding

. Procentage Procentage
Psychoactive Source
SEX Age substances used IO of financin AL
[%] J [%]
49-58 years old Cigarettes 100% Informal collection 100%
(1 person) or recyclables
Woman

. Informal collection
(4 respondents, 8%) 59-68 years old Cigarettes 100% o recyclables 100%
(3 people)

Alcohol 100%

Source: Own materials

Causes of homelessness
25
20
15

10

Number of cases

Family conflict Addiction Eviction Relationship
breakdown

Causes

Fig. 1. Causes of homelessness

Source: Own materials

Sources of income

Benefits
Scavenging
Pension/ retirement
Illegal work

Family support

Odd jobs

o

2 4 6 8 10 12 14
Number of people declaring the given income source

Fig. 2. Sources of income

Source: Own materials
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The percentage of people using psychoactive substances in two groups
- those who spend and those who don’t spend
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Fig. 3. Percentage of people using psychoactive substances broken down into groups allocating and not allocating income to stimulants

Source: Own materials

frequently mentioned factors leading to the loss of
housing. Studies conducted among homeless women
show that alcohol and various forms of violence, psy-
chological, physical and economic, are the main causes
of homelessness [14]. In many cases, homelessness oc-
curs directly as a result of escalating violence from a
partner or family members. Alcohol consumption then
becomes a form of escape, and the aggression that oc-
curs after alcohol consumption becomes a form of self-
defense [15].

For many homeless women, alcohol addiction often
has an adaptive function. Alcohol acts as a means of re-
lieving emotional pain, reducing feelings of loneliness,
and providing a temporary escape from harsh reality. Sub-
stance addiction often appears to be the only available
way to cope with psychological and social difficulties [16].

Another unresolved problem is limited access to
support services tailored to women’s specific needs.
Traditional support systems are most often designed
with men in mind, which means that facilities are not
adequately equipped in terms of safety, the ability to be
with children, or to address the role of violence in the
treatment process [17].

TYPES OF SUBSTANCES USED BY RESPONDENTS.
Respondents indicated the use of several types of sub-
stances, m.in. cigarettes and alcohol. From a public health
perspective, even “soft” substances such as tobacco have
serious health consequences. The use of any psychoac-
tive substance is associated with health risks. Every ex-
tra cigarette smoked and every extra glass of alcohol we
drink brings us closer to potential addiction. Not every
substance will immediately cause addiction, but each will
have a negative effect on the body in some way. Psycho-

active substances affect the brain, altering thought pro-
cesses, perception of reality, emotions and mood [18].

The use of psychoactive substances, both legal (e.g.
alcohol, nicotine) and illicit (e.g. cocaine, opioids), poses
a significant challenge to public health and social policy
globally. According to data published by the United Na-
tions Office on Drugs and Crime, in 2021, about 296 mil-
lion people worldwide used drugs, an increase of 23%
compared to 2011 [19].

In European countries, according to the European
Monitoring Centre for Drugs and Drug Addiction, can-
nabis also remains the most widely used illicit substance,
with 22.6 million Europeans aged 15 to 64 reporting its
use in the past year. The report also highlights the grow-
ing popularity of cocaine and ecstasy, especially among
adolescents and young adults, as well as the increased
availability of synthetic opioids and so-called new psy-
choactive substances, which often circumvent legisla-
tion and are difficult to detect in laboratory tests. [10].

The problem of psychoactive substance use also af-
fects Poland, although the overall level of psychoactive
substance use is relatively lower than the European aver-
age. According to the EMCDDA report, there is a grow-
ing interest in cannabis among younger age groups in
Poland, with the biggest risk being the low level of user
awareness and the unpredictable chemical composition
of these substances [10].

SOURCES OF FINANCING FOR THE PURCHASE OF PSY-
CHOACTIVE SUBSTANCES

According to the declarations of the respondents,
the funds for the purchase of psychoactive substances
most often come from: garbage collection, pension or
disability benefits, work “under the table”
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The above-mentioned sources of income indicate a
high level of economic marginalization and functioning
outside the official employment system. These phenom-
ena are referred to in the literature as “informal survival
economics”[20]. The study found that such interventions
are characteristic of homeless people, who generally
do not have access to benefits or formal employment
and yet struggle to meet their needs. Getting money
for drugs at the expense of food or clothes proves the
psychological dominance of the addiction, substances
become the overriding goal of action. This is consistent
with the “compulsion model” described in the literature,
according to which an addicted person is not guided by
a rational assessment of the situation, but by the need to
satisfy a substance craving [17].

LIMITATIONS OF THE STUDY

This study has a number of limitations that should
be taken into account when interpreting the results. The
relatively small size of the sample (N = 50) may limit the
possibility of generalizing the results to a wider popu-
lation of people experiencing homelessness in Poland.
Reaching this population and obtaining informed con-
sent has been a challenge, and despite efforts to include
a representative sample, the size remains relatively
small. In addition, there was a gender imbalance in the
study group, with only 8% of participants identifying as
female (n = 4). Although the gender distribution in our
sample differs slightly from about 16-20% found in na-
tional studies [9], this imbalance is due to the difficulty
in reaching women in this population. It is worth noting
that nearly 200 people experiencing homelessness were
contacted during the recruitment process. However,
due to a lack of willingness to talk or visible substance
intoxication, it was not possible to conduct interviews
with all of them. As a result, the estimated response rate
was around 25 percent. In addition, the ability to reach a
representative group of women was limited due to their
lower availability in the general population of people
experiencing homelessness. Still, we believe the study
continues to provide valuable information on the wider
problem of homelessness.

REFERENCES

Another factor to consider is the geographic scope of
the study. The study was conducted exclusively in War-
saw, which means that the results may have been influ-
enced by local factors such as the availability of support
services, urban characteristics and social policies. As a
result, the results may not reflect the situation in other
cities or rural areas, where the context can vary signifi-
cantly. However, this study may reflect the urban exam-
ple of the city, which may also be representative of the
situation in other cities in Poland.

The CAPI research method used was chosen because
of its effectiveness in collecting data in the respond-
ents’ natural environment. However, this method can
be prone to a social approval effect, which may result in
respondents changing their responses to accommodate
societal expectations, especially for sensitive topics such
as substance use. We are aware of this potential limita-
tion, but we have made efforts to minimize it through
careful training of interviewers and a non-judgmental
approach to sensitive questions.

Finally, the study used a questionnaire developed by
the author, which was not formally validated or tested
for reliability. However, the tool was based on the results
of a nationwide survey on homelessness in Poland [9],
which provided valuable information on the character-
istics and challenges faced by this population. Although
no formal validation of the questionnaire has been car-
ried out, we believe that the tool is relevant for the pur-
poses of the study and provides important information
about the experiences of homeless people in Poland.

CONCLUSIONS

The results of this study support the hypothesis of
a two-way relationship between addiction and home-
lessness, substance use may act as both a risk factor for
homelessness and a coping mechanism for homeless-
ness. The results point to the need for further in-depth
research and the development of integrated interdis-
ciplinary strategies to support people experiencing
homelessness. Such strategies should include addiction
treatment, social intervention and reintegration pro-
grammes.

1. The Act of 12 March 2004 on Social Assistance. Journal of Laws of 2004 No. 64 item 593 . Warsaw: Sejm of the Republic of Poland; 2004. https://isap.sejm.
gov.pl/isap.nsf/download.xsp/WDU20040640593/U/D20040593Lj.pdf (Access: May 2025)

2. Ritchie H, Roser M. Homelessness. Our World in Data. https://ourworldindata.org/homelessness (Access: May 2025)

3. Institute of Psychiatry and Neurology in Warsaw. Kompleksowe badanie stanu zdrowia psychicznego spoteczeristwa i jego uwarunkowanr — EZOP II” [A
comprehensive study of the mental health of the population and its determinants — EZOP Il study]. https://ezop.edu.pl/wyniki-badania/ (Access: May
2025) (Polish)

4. Habrat B, Silczuk A, Klimkiewicz A. Manganese encephalopathy caused by home production of metcathinone (ephedrone) in Poland. Nutrients. 2021;
13(10):3496. doi:10.3390/nu13103496

5. Chief Sanitary Inspectorate (GIS). Annual report on poisoning with new psychoactive substances (2020-2022). 2022 Available from: https://kcpu.gov.pl/
wp-content/uploads/2024/06/responding_2023.pdf (Access: May 2025)

6.  Szczepariska M. Wptyw problemow alkoholowych i narkomanii na bezpieczeristwo spotecznosci lokalnych [The Impact of Alcohol and Drug Addiction

Problems on the Safety of Local Communities]. Securo; 2020. https://securo.wnpism.uw.edu.pl/wp-content/uploads/Securo-2-2014-Wplyw-problemow-
alkoholowych-i-narkomanii-na-bezpieczenstwo-spolecznosci-lokalnych.pdf (Access: May 2025) (Polish).

143



144

Dominika Kamila Michurska, Andrzej Silczuk

7. Problem bezdomnosci na terenie gminy miasta Torur [Municipal Shelter for Homeless Men in Torur. Homelessness — stages of addiction to social welfare
institutions] https://www.mshm.torun.pl/bezdomnosc.php (Access: May 2025) (Polish)

8. OECD. Homelessness. OECD Affordable Housing. https://www.oecd.org/en/topics/sub-issues/affordable-housing/homelessness.html (Access: May 2025)
Ministry of Family, Labour and Social Policy. Wyniki OgéInopolskiego badanialiczby 0s6b bezdomnych — Edycja 2024 [Results of the nationwide homelessness
count — 2024 edition]. Warsaw: MRPiPS; 2024 https://www.gov.pl/web/rodzina/wyniki-ogolnopolskiego-badania-liczby-osob-bezdomnych-edycja-2024
(Access: May2025) (Polish)

10. EMCDDA. Health and social responses to drug problems: a European guide. Lisbon: EMCDDA; 2023. doi:10.2810/244934

11. FEANTSA. Mental Health & Homelessness across Europe: Calling for Comprehensive, Sustainable & Inclusive Strategies Bruksela: FEANTSA; 2022 https://
www.feantsa.org/en/feantsa-position/2023/10/10/mental-health-homelessness-across-europe-calling-for-comprehensive-sustainable-inclusive-
strategies (Access: May 2025)

12. Truskolaska E. Kryminologiczne aspekty bezdomnosci [Criminological aspects of homelessness] (Doctoral Thesis) University of Bialystok, 2018 http://hdl.
handle.net/11320/7113 (Polish).

13.  Chotkowska K. Przyczyny bezdomnosci, préby polepszenia swojej sytuadji i nadzieje na przysztos¢ — analiza indywidualnych wywiadéw pogtebionych
bezdomnych mezczyzn z wyzszym wyksztatceniem [Causes of homelessness, attempts to improve their situation and hopes for the future — analysis of
individual in-depth interviews of homeless men with higher education]. Praca Socjalna 2020;1(35):71-83. doi.org/10.5604/01.3001.0014.1178 (Polish)

14.  Majerek B, Fraczek M. Proces wychodzenia z bezdomnosci kobiet uzaleznionych od alkoholu [The process of recovering from homelessness of women
addicted to alcohol]. In: Duda M, Kutek-Sktadek K (eds). Eliminacja wykluczenia spotecznego [Eliminating social exclusion]. Krakow: UPJPII Publishing
House; 2016. pp. 55-63. doi:10.15633/9788374385824.05 (Polish).

15.  Bokuniewicz S. Bezdomne kobiety jako ofiary i sprawcy przemocy [Homeless women as victims and perpetrators of violence]. In: Pytka A (ed). Osoba
doswiadczajaca i stosujaca przemoc w Srodowisku lokalnym [A person experiencing and using violence in the local community]. Wydawnictwo Naukowe
Tygiel, Lublin, 2018, pp. 99-108 (Polish)

16.  SzluzB.Bezdomne kobiety w opinii bezdomnych kobiet [Homeless women in the opinion of homeless women]. Seminars. Scientific Research. 2011;30:105—
117. doi:10.21852/5em.2011.30.09 (Polish).

17.  Greene A, Korchmaros JD, Frank F. Trauma experience among women who have substance use disorders and are homeless or near homeless. Community
Mental Health J. 2024; 60:233-243. di:10.1007/510597-023-01162-6

18.  Ministry of the Interior and Administration. Harmfulness of drugs — impact on the human body. https://alkoholizmbleczenie.eu/szkodliwosc-narkotykow-
jak-substancje-psychoaktywne-wplywaja-na-czlowieka (Access: May 2025)

19.  UNODC. World Drug Report 2023:Booklet 1 — Executive Summary. Vienna: UNODC; 2023. doi:10.18356/d6291ea8-en

20.  Social economy. Glossary of Social Economy. [Access: 2025 June 25]. Available from: https://ekonomiaspoleczna.pl/warto-wiedziec/slowniczek-ekonomii-
spolecznej/

CONFLICT OF INTEREST
The Authors declare no conflict of interest.

ADDRESS FOR CORRESPONDENCE

Dominika Kamila Michurska

Wydziat Nauk o Zdrowiu, Warszawski Uniwersytet Medyczny, Poland;
email: s084372@student.wum.edu.pl

ORCID AND CONTRIBUTION
Dominika Kamila Michurska — 0009-0001-5674-408X ®®®®

Andrzej Silczuk — 0000-0002-7048-8094 @@ @ @ @ @
BY NC ND

RECEIVED: 15.05.2025
ACCEPTED: 30.08.2025

© —Work concept and design, @ — Data collection and analysis, @ — Responsibility for statistical analysis, @ — Writing the article, @ — Critical review, @ — Final approval



© ALUNA Publishing House Emerg Med Serv, 2025; XIl, 3: 145-151

DOI: 10.36740/EmeMS202503104 ORIGINAL ARTICLE

Emergency medical response systems in the European
Union: A qualitative comparative study with practical
recommendations for civil protection reform in Poland
Tomasz Kubiak', tukasz Dudzirski?, Attila Pandur®, Bence Bogar®, tukasz Czyzewski

'DEPARTMENT OF HEALTH SCIENCES, POZNAN MEDICAL ACADEMY OF APPLIED SCIENCES MIESZKO |, POZNAN, POLAND

2DEPARTMENT OF MEDICAL RESCUE, MEDICAL UNIVERSITY OF WARSAW, WARSAW, POLAND

DEPARTMENT OF OXYOLOGY AND EMERGENCY CARE, INSTITUTE OF EMERGENCY CARE, PEDAGOGY OF HEALTH AND NURSING SCIENCES, FACULTY OF HEALTH
SCIENCES, UNIVERSITY OF PECS, PECS, HUNGARY

“DEPARTMENT OF GERIATRIC NURSING, FACULTY OF HEALTH SCIENCES, MEDICAL UNIVERSITY OF WARSAW, WARSAW, POLAND

ABSTRACT

Aim: To analyse the functioning of emergency medical systems in selected European Union (EU) countries based on an original survey, with emphasis on the role,
capabilities, and cooperation models of fire services in pre-hospital emergency care.

Materials and methods: A questionnaire was distributed to 26 EU countries between July and August 2022. Responses were obtained from Belgium, Latvia, Italy,
(zech Republic, Malta, Slovenia, Austria, and Denmark. A study visit to Romania provided additional insights. Due to incomplete and inconsistent responses, the
findings were analysed qualitatively.

Results: Belgium is the only responding country where ambulances operate within the fire service structure. Other countries maintain separate EMS systems but
cooperate operationally with fire services. While equipment standards are nationally unified in most systems, training, competencies, and deployment policies differ.
Condlusions: Belgium’s integrated fire-medical model shows that with central coordination, clear division of responsibilities, and joint training, overall system
efficiency and resilience can be improved. Such measures could enhance response times, optimise resource use, and strengthen preparedness for mass-casualty

incidents or national emergencies.
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INTRODUCTION

In December 2024, the Parliament of the Republic
of Poland adopted the Civil Defence and Civil Protec-
tion Act, which came into force on 1 January 2025. The
Ministry of Interior and Administration had been work-
ing on the Act’s revision for several years. The legislation
addresses multiple areas of public safety, one of which
concerns the functioning of the National Firefighting
and Rescue System (NFRS), built around the State Fire
Service (SFS) and Volunteer Fire Brigades (VFB). Public
consultations and expert teams had been engaged since
2022 to ensure that the scope and provisions of the new
Act would align with contemporary threats and the op-
erational capacity of services. Experts from uniformed
services were also involved in drafting the provisions [1].

The solutions introduced in the Act address the en-
tire cycle of crisis management, secure investment in
infrastructure and personnel, and update the tasks of
rescue services and public administration both in peace-
time and during wartime. A major goal is to enhance
pre-hospital medical capabilities, a need underscored

by experiences during the COVID-19 pandemic, when

shortages in Emergency Medical Service (EMS) teams

led to isolated medical rescue interventions being car-
ried out by firefighters on a large scale nationwide. The

Act also draws on lessons learned from the mass influx of

refugees from Ukraine during the first year of the armed

conflict with Russia [2-4].

The State Fire Service contributed to the preparation
of implementing regulations for the development of
medical rescue within the service. One of the prepara-
tory measures was the organisation of an international
consultation in the form of a questionnaire survey [5,6].

The tasks assigned to governmental entities under
the Act are broad, including:

- Coordination of civil protection and civil defence ac-
tivities by relevant entities.

«  Analysis of potential hazards and risk assessment.

« Organisation and provision of humanitarian aid
within the country, creation and maintenance of
civil protection resources for immediate domestic
deployment.
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«  Establishment of alert, warning, and alarm systems
for hazards.

«  Maintenance of a central civil protection resource
database, public awareness and education cam-
paigns on hazards.

- Organisation of international cooperation, needs
planning in line with available financial resources.

«  Coordination of emergency aid delivery, and re-
search activities in the field of civil protection and
civil defence [7-10].

AIM

This study aimed to analyse the functioning of rescue
systems in European Union (EU) countries through a cus-
tom-designed questionnaire. The objective was to iden-
tify experiences and best practices in the organisation of
pre-hospital emergency care, with particular attention to
the role, operational capabilities, and competencies of fire
services within national emergency medical systems.

MATERIALS AND METHODS
STUDY DESIGN

This study employed a qualitative descriptive design
using an original, structured questionnaire developed by
the authors. The tool contained both closed and open-
ended questions, with the latter allowing respondents
to provide narrative descriptions of their national rescue
systems. The questionnaire was sent to 26 EU member
states between 1 July and 15 August 2022. The purpose
was to gather comparable qualitative information on the
organisation of emergency medical systems, particularly
the role of fire services in pre-hospital care, to inform
legislative work on the Civil Defence and Civil Protection
Act in Poland.

A complementary component of the study was a field
visit to Romania on 10-12 October 2022 by a delegation
of Polish SFS representatives. Romania was therefore ex-
cluded from the questionnaire distribution list.

STUDY PROCEDURE
Participation in the survey was voluntary, and each
country had full discretion in how to respond. The ques-
tionnaire was sent in English to the department or of-
fice responsible for coordinating rescue services in each
country. Once distributed, the SFS Headquarters had no
influence over the number, scope, or quality of respons-
es. Several limitations were noted:
- selective answers to specific questions,
- omission of certain questions,
«  “Yes” or “No” answers where justification or descrip-
tive input was requested,
- lack of any response in some cases.

QUESTIONNAIRE STRUCTURE

The questionnaire consisted of an introductory letter
explaining the purpose of the request, followed by 20 re-
search questions grouped into thematic areas:
- medical rescue capacity within the fire service,

«  cooperation between fire services and the emer-
gency medical system,

« personnel (crew size, qualifications, qualification
process),

« equipment (ambulances, rescue vehicles, medical
equipment),

«  training cycles for personnel,

«  resource allocation during crises or wartime,

«  opinions on current and future system capacity.

STUDY POPULATION

The questionnaire was sent to 26 EU member states.
Responses were received from Belgium, Latvia, Italy, the
Czech Republic, Malta, Slovenia, Austria, and Denmark.
In total, 8 out of 26 countries completed the survey,
representing approximately 31% of those invited. The
analysis is descriptive in nature, without the possibility
of statistical comparisons.

DATA ANALYSIS

Responses were analysed using thematic content
analysis, grouping information into categories corre-
sponding to the questionnaire’s thematic sections. Giv-
en the variability and incompleteness of responses, no
statistical comparisons were possible, and findings are
presented as a qualitative synthesis.

ETHICAL CONSIDERATIONS

All responses were fully anonymised. The study ad-
hered to the principles of the Declaration of Helsinki and
did not require bioethics committee approval. Consent
to access the survey results and use them for scientific
purposes was obtained in January 2025.

RESULTS

The following section presents the organization,
management, and operational aspects of EMS in the
countries that responded to the survey. For clarity, re-
sults are summarized narratively for each country, pre-
serving original details while improving coherence.

BELGIUM

Belgium operates a two-tier EMS system consisting
of standard ambulances and Medical Urgency Group
(MUG) units. Ambulances, equipped with standard med-
ical supplies, are staffed by two paramedics who provide
first aid on-site and transport patients to accredited
emergency departments selected by EMS dispatchers
based on the shortest travel time.

MUG units are vehicles equipped for advanced pre-
hospital care and staffed by a physician and an emergen-
cy nurse. They provide on-scene treatment and may ac-
company patients in ambulances but lack independent
transport capability. In 2007, a Paramedical Intervention
Team (PIT) concept was introduced, replacing one para-
medic with an emergency nurse trained to handle more
serious cases. Although full implementation was limited
by budgetary constraints, cooperation agreements be-
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tween EMS and hospitals have progressively expanded
the PIT system.

Approximately 60% of ambulances are operated by
the fire service, with the remainder run by hospitals or
private organizations such as the Red Cross. The fire ser-
vice manages around 250 ambulances nationwide, with
vehicle allocation varying by station. All ambulances,
regardless of operator, are subject to the same federal
equipment and staffing regulations.

Responsibility for the EMS system rests with the Fed-
eral Public Service for Public Health, Food Chain Safety,
and Environment, which oversees contracts with pro-
viders, ambulance inspections, and dispatcher training.
Dispatch infrastructure and personnel are managed by
the Federal Public Service - Home Affairs, operating ten
dispatch centres nationwide.

Belgian regulations require MUG units to be located
to reach most of the population within 10 minutes, with
minimal areas exceeding 15 minutes. Firefighters as-
signed to ambulances must complete a resuscitation
training course, while operational firefighters respond-
ing to accidents receive basic life support (BLS) training
provided by the Red Cross. During large-scale emergen-

Table 1. Comparative summary of EMS systems in responding countries

cies, fire service ambulances are supplemented by Red
Cross vehicles.

Belgium emphasizes central coordination, stand-
ardized training, and clear inter-agency agreements as
key factors ensuring system efficiency and resilience.

CZECH REPUBLIC

EMS in the Czech Republic is provided by 14 region-
al organizations authorized under the Health Services
Act No. 374/2011 Coll. on Emergency Medical Services.
The Ministry of Health manages EMS providers as part
of the Integrated Rescue System, while operational
dispatch centres operate continuously at the regional
level.

Response coverage plans require EMS to reach any
municipality within 20 minutes of dispatch. Although
fire services do not operate ambulances, they support
EMS through specialized roles. Notably, the “firefight-
er—paramedic” concept trains firefighters for medical
support in complex rescue environments, including
building collapses and hazardous materials incidents.
During the COVID-19 pandemic, firefighters with medi-
cal qualifications also performed testing duties.

EMS Fire . Notable
Ambulance . Dispatch Max. .
Country System Oberators Service System Response Time Features / Cooperation
Structure P Ambulances Y P Models
‘ Two-tier Fire service, Yes Centralized, MUG: Equal treatmen.t gf
Belgium (Ambulance hospitals, (~60%) national 10-15 min all ambulances; joint
+ MUG/PIT) private ° training
Cech Regional EMS Reglopal !EMS ' <20 min Firefighter—paramedic
Republic  oraanizations organizations No Regional centres (by region) concept; COVID-19
P 9 (contributory) yreg support
Latvia National SEMS  SEMS only No Centr.allzed, 12-25 min 40h first aid training for
national (urban-rural) firefighters
Ministry of . Centralized, <15 min Full resource pooling
Malta Health Public No hospital (island-wide) during crises
. Health centres . Medical Dispatch <15 min; Firefighters trained in
Slovenia . Public No Centre(s) (level :
+ hospitals . 1 min departure BLS, trauma care
not specified)
Regional EMS Public Regional Not . CBRN cooperation fire
Italy + volunteer No } standardized -
+ volunteers L operational . service-EMS
associations nationally
! Federal states Red Cross, . Mixed Defined by Specialized mountain/
Austria . rescue organi- No . .
(9 regions) . (regional/local) federal states cave rescue units
zations
5 regional Public + pri- . Regional Regional autonomy in
Denmark EMS systems  vate contracts No Regional centres regulations EMS provision
Public (De-
Romania National EMS partment for Yes Centr.allzed, Not specified Integrated 112 dlspatgh,
+ fire service Emergency national career + volunteer units
Situations)
. . 31,500 career + 400,000
Poland* NEMS+NFRS  Public Yes (support  Regional +joint  Not standard- volunteers; HEMS

role)

ops

ized nationally

support

*Poland presented for comparative purposes only

Source: Own materials
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Fig. 1. Ground rescue resources in the emergency medical system

Source: Authors’ archive

LATVIA

Latvia's EMS is centralized under the State Emergen-
cy Medical Service (SEMS), responsible for nationwide
emergency call reception, ambulance team coordina-
tion, and hospital transfers. SEMS also oversees ground
and air medical evacuation, with inter-agency agree-
ments enabling collaboration with the National Armed
Forces and the State Border Guard.

Regulations define ambulance response times as 12
minutes in national cities, 15 minutes in regional cities,
and 25 minutes in rural areas. SEMS and the State Fire
and Rescue Service (SFRS) operate as separate but com-
plementary entities, with specially trained firefighters
authorized to administer certain medical interventions
under physician supervision during prolonged rescues.
Firefighter training includes a 40-hour first aid curricu-
lum covering trauma, chemical injuries, mass-casualty
incidents, and acute medical conditions.

MALTA

In Malta, EMS is managed by the Ministry of Health,
operating continuously and linked directly to emer-
gency services at Mater Dei Hospital. While there are no
legally defined response times, the island’s size ensures
responses typically within 15 minutes.

During national crises, all agencies- including Civil
Protection, Armed Forces, and Health Services- pool re-
sources under central health management. Public per-
ception of EMS is highly positive, with services valued for
dedication and efficiency.

SLOVENIA

Slovenia’s EMS includes health centres, hospitals,
medical dispatch centres, and helicopter units. Services
cover urgent interventions and patient transport, de-
livered by mobile units staffed by paramedics, medical
graduates, and in some cases, physicians.

The Ministry of Health coordinates EMS organization
and oversight, with dispatch centres responsible for call
reception and resource deployment. Regulations require
average response times not exceeding 15 minutes, with
units departing within one minute of call receipt.

Firefighters, though not providing EMS directly, re-
ceive basic life support training from the Slovenian Red
Cross, particularly for road accidents. Training includes
resuscitation, trauma care, and emergency procedures
for burns, hypothermia, drowning, and other life-threat-
ening conditions.

ITALY

Italy’s EMS is a public service integrated with regional
health systems. The emergency number 118, linked to
112 under EU regulations, operates 24/7 with physicians
and nurses coordinating ambulances, physician-staffed
vehicles, and Helicopter Emergency Medical Service
(HEMS) units.

Volunteer associations, including the Italian Red Cross,
provide significant support in staffing and logistics. Italy
is also expanding cooperation between fire services and
regional EMS, particularly in managing chemical, biologi-
cal, radiological, and nuclear (CBRN) incidents.

AUSTRIA

EMS responsibility in Austria lies with the nine fed-
eral states, each defining its own quality and coverage
requirements. Municipalities contract recognized rescue
organizations, such as the Red Cross, to ensure access.

While special units (e.g., mountain or cave rescue) ex-
ist, fire services do not operate ambulances, and EMS dis-
patch systems vary between federal and regional levels.

DENMARK
Denmark’s EMS is organized across five regions, each
with its own dispatch centre. Services are provided di-
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rectly by regional authorities or through contracts with
private operators. Fire services do not operate ambu-
lances, and response time standards are set regionally
rather than nationally.

ROMANIA

Information on Romania’s EMS derives from a study
visit by Polish firefighters. The system is coordinated cen-
trally through the Department for Emergency Situations,
with integrated 112 dispatch centres staffed by doctors,
paramedics, firefighters, and police officers.

Fire services in Romania maintain ambulances, medi-
cal kits on fire engines, and HEMS units, operated by
both career and volunteer personnel. Centralized coor-
dination ensures efficient multi-agency responses dur-
ing complex emergencies.

Ground and air rescue resources are presented in Fig-
ures 1-2.

POLAND

Given incomplete responses from other countries,
Polish EMS operations are presented for comparison.
The SFS employs approximately 31,500 career firefight-
ers and over 400,000 trained volunteers, operating
from 504 rescue-firefighting units. An important com-
ponent of fire and local hazard response is the provi-
sion of qualified first aid: every firefighter completes a
certified 66-hour BLS course covering both trauma and
non-trauma mechanisms. Approximately 2,500 career
firefighters hold formal medical qualifications (physi-
cian, paramedic, or nurse). The National Fire Service
Academy (the country’s only fire officer school) offers

Table 2. Fire Service Involvement and Medical Training in EMS Systems

Fire Service

bachelor’s programs in emergency medical rescue, en-
suring a steady increase in medically qualified firefight-
ers[1,11].

Poland’s National Emergency Medical System
(NEMS) comprises 1,697 ambulances, 234 emergency
departments, and 22 HEMS bases [13]. Operational co-
operation between NEMS and the NFRS includes joint
rescue operations, support for HEMS landings and take-
offs, and specialist joint interventions by SFS teams
within restricted hazard zones that are inaccessible to
medical services due to personal protective equipment
limitations [12-17]. These capacities position Poland to
selectively adopt elements of the Belgian approach-
notably centralized, shared dispatch, expanded para-
medic training pathways for firefighters (including
volunteers), and regular joint inter-agency exercises,
without full structural integration [1, 3, 14, 17].

For comparative clarity, Table 1 summarizes key
organizational characteristics of EMS systems and the
involvement of fire services across all responding EU
countries.

Fire service involvement in EMS operations and
medical training requirements across the responding
countries are summarized in Table 2.

DISCUSSION

This qualitative comparative study examined the
organisation and operational role of fire services within
EMS in selected EU countries. The findings reveal sub-
stantial variability in how fire services are integrated,
or remain separate, from national EMS structures. Bel-
gium was the only country among respondents where

Country Ambulances Firefighter Medical Training Requirements Role of Fire Service in EMS
Belgium Yes (~60%) Resuscitation course + BLS training Full EMS integration, ambulance operations
Czech . . - s .
Republic No Firefighter—paramedic concept (specialized) Support in disasters, hazardous environments
Latvia No 40h first aid, pain relief under physician Complementary role in prolonged rescues
Malta No Not specified Crisis resource pooling only
Slovenia No BLS, trauma care by Slovenian Red Cross First responders before EMS arrives
Italy No Volunteer-based training for EMS support CBRN cooperation with regional EMS
Austria No Not specified Specialized rescue (mountain/cave) only
Denmark No Not specified Minimal EMS involvement
Romania Yes EMS-capable fire c(;ee\;\;s”(et;a;ining specifics not Integrated EMS-fire service model
Poland* ves 66h BLS + certified medical rescuers Joint ops, HEMS support, hazardous zones

(support role)

*Poland presented for comparative purposes only

Source: Own materials
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ambulances operate within the fire service framework,
while in all other countries, fire services provide sup-
portive, rather than primary, pre-hospital medical
functions. Similar conclusions regarding the diversity
of EMS - fire service cooperation models have been re-
ported in prior analyses of the National Firefighting and
Rescue System in Poland, particularly in rural contexts,
where cooperation with EMS is often based on specific
operational agreements rather than structural integra-
tion [14,171].

The Belgian model demonstrates the potential ben-
efits of full integration between fire and medical ser-
vices under a centrally coordinated system. Equal treat-
ment of ambulances, regardless of whether they are
operated by hospitals, private providers, or fire servic-
es, fosters flexibility in resource allocation and ensures
consistent equipment and training standards. Such
integration could be a valuable reference for coun-
tries considering reforms aimed at optimising EMS re-
sponse times, resource distribution, and readiness for
large-scale emergencies. Previous research indicates
that strong inter-agency coordination, supported by
centralised command structures, is a key factor in im-
proving emergency preparedness and operational ef-
ficiency [8, 14, 16].

In contrast, systems in other responding countries
maintain a clearer separation between firefighting and
medical rescue operations. Cooperation is typically
achieved through formal agreements, joint training,
and coordinated dispatch protocols. While this ap-
proach allows each service to retain specialised compe-
tencies, it may limit opportunities for resource sharing
in times of peak demand or mass-casualty incidents.
This finding aligns with observations from studies of
Poland’s National Emergency Medical System during
the COVID-19 pandemic, which emphasised the impor-
tance of flexible task allocation and inter-service sup-
port in situations of workforce shortages [2,16].

From a policy perspective, the results suggest that
both integrated and cooperative models can function
effectively if they are supported by clear legal frame-
works, standardised training requirements, and robust
inter-agency communication. For Poland, where the
State Fire Service already possesses significant per-
sonnel and equipment resources, selectively adapt-
ing elements from the Belgian model - such as shared
dispatch systems or expanded paramedic training
for firefighters — could enhance operational flexibility
without fully merging organisational structures. These
proposals are consistent with the objectives of the
Civil Defence and Civil Protection Act, which aims to
strengthen pre-hospital capabilities and optimise the
use of existing emergency service resources [1,3].

The qualitative nature of this study allowed for the
exploration of diverse organisational and operational
approaches, but also introduced certain limitations.
The analysis was based on voluntary and incomplete

responses, meaning that not all perspectives within
each country were captured. Furthermore, the absence
of detailed operational data from some states limited
the ability to assess the direct impact of organisational
structures on performance outcomes. Similar method-
ological constraints have been noted in other compar-
ative analyses of international rescue systems, where
data collection depends heavily on the willingness and
capacity of agencies to share internal information [8,
15]. Future studies could address these gaps by con-
ducting structured interviews with key stakeholders,
analysing incident response records, and expanding
the scope to include non-EU countries with compara-
ble demographic and geographic conditions.
Ultimately, the findings contribute to the growing
body of knowledge on cross-sector cooperation in
emergency response. They underline the importance
of flexibility, interoperability, and context-specific solu-
tions when designing or reforming national civil pro-
tection and rescue systems. As noted by Gatazkowski
et al. [14], the integration of resources and procedures
between fire services and EMS, whether partial or full,
can significantly improve response capacity in both
everyday operations and during extraordinary events.

LIMITATIONS

This analysis is descriptive in nature due to incom-
plete and inconsistent data. Not all questions received
responses, and not all countries replied to the survey.
The authors had no influence over the type, scope,
or quality of the answers provided. Participation was
voluntary and in the form of information sharing. Lan-
guage barriers in some countries may have affected
both the number and quality of responses, despite the
questionnaire being distributed in English.

CONCLUSIONS

Among responding countries, only Belgium has am-
bulances within the fire service structure. In other coun-
tries, fire services do not provide EMS but cooperate
with EMS personnel. Fire service ambulances are treated
equally to those from hospitals or private organisations
and are dispatched mainly to urgent incidents. Firefight-
ers assigned to ambulances must complete specialised
medical training. All ambulances carry identical equip-
ment according to national regulations. The number of
ambulances per fire station is not fixed.

Belgium’s model shows that with central coordina-
tion, clear division of responsibilities, and joint training,
integration of fire and medical services can improve
system efficiency and resilience. Such measures could
enhance response times, optimise resource use, and
improve preparedness for mass-casualty incidents or na-
tional emergencies. For Poland, adopting selected ele-
ments of this approach, without fully merging organisa-
tional structures, could strengthen operational capacity
and flexibility in emergency medical response.
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Difficult intubation in pediatric patients
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ABSTRACT

Aim: To assess the course of endotracheal intubation in pediatric patients treated at the Institute of Mother and Child in Warsaw and estimate the difficulties.
Material and methods: The methodology of the study was based on a retrospective analysis of medical data using the records on endotracheal intubations
performed in pediatric patients at the Institute of Mother and Child in Warsaw.

Results: The study group consisted of 117 patients who came from different departments: the Department of General Surgery, the Department of Cleft Sur-
gery, the Department of Endoscopy, the Department of Oncology, the Department of Intensive Care and the Department of Orthopaedics. The largest group
consisted of general surgery patients, i.e. 49 patients. The second largest group was the cleft surgery ward, where 32 patients were examined.

Conclusions: The study on paediatric endotracheal intubation at the Institute of Mother and Child in Warsaw highlights the importance of improving patient
safety and treatment outcomes. It recommends standardizing airway management procedures and developing a protocol for difficult intubations, tailored to
each patient’s age, condition, and anatomy. Reqular evaluation and updates of these protocols are advised, along with ensuring proper environmental and
infrastructural conditions for intubation. Additionally, continuous education and hands-on training for medical staff are emphasized, as their competence

directly affects the safety and success of paediatric intubations.

KEY WORDS
intubation, difficult airway, intubation in children

INTRODUCTION

Endotracheal intubation is a key medical procedure.
It ensures airway patency by means of inserting an en-
dotracheal tube and is used in various clinical situations,
such as administering mechanical ventilation or general
anesthesia. The effectiveness of intubation depends on
the patient’s anatomy, the choice of equipment and the
techniques used during the procedure [1]. Endotracheal
intubation in pediatric patients can be more complicated
than in adults, due to the specific anatomical and physi-
ological characteristics of this age group. Children have
alarger head in relation to the rest of the body, therefore
their pharynx and larynx are higher and more anteriorly
displaced. The larynx of children is smaller and conical,
and its structures more delicate. It is located higher than
in adults, so special care must be taken during intuba-
tion. The trachea of children is narrower and shorter
than in adults, which requires precise selection of the
endotracheal tube. The bronchi are less developed and
more sensitive when compressed. As a result, ventilation
is affected, therefore adjustment of ventilation param-
eters is necessary. Due to the lower body weight of chil-
dren, it is necessary to adapt the tidal volume and respir-
atory rate to their age. Children have a higher respiratory
rate and are more prone to hypoxia than adults, so venti-
lation parameters should be adjusted accordingly. Their
smaller airway diameter increases resistance to airflow,

therefore proper selection of the endotracheal tube is
important. Children’s respiratory control system is at a
developmental stage, which can affect their response to
the stress of intubation. Knowledge of these differences
is vital in order to ensure safe and effective intubation in
children [2-10]. Moreover, traditional methods of assess-
ing the difficulty of intubation, such as the Mallampati
scale or the Wilson scale, can be less useful in pediatric
patients [10, 11]. Medical personnel should be well in-
formed and trained concerning the above aspects to
minimize the risk of complications. Intubation should be
performed by anesthetists, critical care doctors or emer-
gency physicians with appropriate qualifications and ex-
perience. Knowledge and skill in intubation are crucial
to the effectiveness and safety of the procedure. Risks,
such as intubation difficulties, risk of bleeding or dam-
age to anatomical structures, should be assessed before
intubation. It is important to check the availability and
fit of intubation equipment, including different sizes of
endotracheal tubes, laryngoscope, ventilation sets and
parameter monitors [11]. During intubation, haemody-
namic parameters, such as blood pressure, heart rate
and oxygen levels (SpO,) should be monitored in or-
der to assess the patient’s stability and detect possible
complications related to the procedure in the shortest
possible period. As soon as the endotracheal tube is in-
serted into the trachea, it is important to confirm its cor-
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rect position. This can be done by checking the visibility
of the endotracheal tube on laryngoscopy, observing
chest movements during ventilation, auscultating the
lungs and observing end-expiratory CO, concentration
on capnography [12-14].

Following the above guidelines ensures safe and ef-
fective intubation, minimizing the risk of complications.
It is vital to always consult with your medical team and
follow established protocols and guidelines. Endotra-
cheal intubation is a key procedure in the care of pediat-
ric patients, used for severe respiratory infections, acute
respiratory failure, cardiac arrest, trauma or during medi-
cal procedures. It makes it possible to control breathing,
oxygen delivery, carbon dioxide removal and prevents
aspiration of gastric contents [15, 16]. In severe respira-
tory infections, such as pneumonia or sepsis, intubation
provides ventilation and airway protection [17, 18]. Dur-
ing sudden cardiac arrest, it enables effective ventilation
and drug administration [15, 19]. Severe injuries, includ-
ing traumatic brain and chest ones, require intubation
to maintain airway patency and effective ventilation [15,
20-22]. In the course of general anesthesia, intubation
provides respiratory control during the procedure. In-
tubation also protects against aspiration of gastric con-
tents, which is important in children undergoing medi-
cal procedures [23]. An endotracheal tube with a sealing
cuff further protects the airway and prevents choking.
Performed correctly, intubation can be crucial to a pedi-
atric patient’s survival and prognosis in critical situa-
tions. Research by Fiadjoe and Nishisaki (2012-2015)
identifies several key factors contributing to intubation
difficulties in pediatric patients. Significant problems
may arise from anatomical differences, such as the small
size of anatomical structures in children, narrow airways
and greater susceptibility to stenosis. All of these factors
make insertion of the endotracheal tube more difficult.
In addition, chronic edema, the presence of tumors, in-
flammatory lesions and foreign bodies in the airway can
also pose challenges during the intubation procedure
[24]. The experience of medical personnel is another
important factor. As Weiss and Engelhardt (2010) under-
line, intubation skills and the experience of the person
performing the procedure are key to conducting effec-
tive intubation in pediatric patients [25]. Experience and
knowledge of specific techniques can significantly affect
success. The availability of appropriate intubation equip-
ment also plays an important role. Vlatten et al. (2011)
compared intubation using a video laryngoscope with
a traditional laryngoscope, pointing out the importance
of the choice of intubation tools, especially in difficult
cases, such as in children with impaired mobility in the
cervical spine [25].

There are various medical scales for assessing the
difficulty of endotracheal intubation to help physicians
identify potential difficulties. The Cormack-Lehane scale
is commonly used in anesthesiology to assess the visual
field during the intubation procedure. It consists of four
grades:

1. Grade I: Full view of the glottis.

2. Grade II: The glottis is partially visible, but the front
part is obscured by the tongue.

3. Gradelll: Only the epiglottis is visible, and the glottis
is not visible.

4. Grade IV:The epiglottis is not visible.

The higher the grade on the Cormack-Lehane scale,
the more difficult the endotracheal intubation. Higher
grades mean poorer visibility of the glottis, which can
lead to difficulty or failure in inserting the endotracheal
tube into the trachea. The Cormack-Lehane scale classi-
fication is an important tool for assessing the difficulty
of intubation and helps anesthesiologists to make deci-
sions about intubation strategy and to prepare a contin-
gency plan in case difficulties arise during the procedure
[26-28].

AIM

The aim of the study is to assess the course of en-
dotracheal intubation in paediatric patients treated at
the Institute of Mother and Child in Warsaw and estimate
the difficulties. Its objective is to collect data on intuba-
tion procedures, analyze the difficulties and complica-
tions encountered, and to identify the factors influencing
these difficulties, such as age, airway anatomy, medical
conditions and staff experience. The results of the assess-
ment can help improve intubation techniques, protocol
development and staff training, which will contribute to
increasing safety and improving the quality of care for
paediatric patients at the Institute of Mother and Child.

MATERIAL AND METHODS

The methodology of the study was based on a ret-
rospective analysis of medical data using the records
on endotracheal intubations performed in paediatric
patients at the Institute of Mother and Child in Warsaw
between 8 April 2023 and 25 May 2023. The study exam-
ined 117 forms from 8 April 2023 to 25 May 2023. The
selection of patients for the study was based on specific
criteria, such as age (under 18 years and those patients
in whom intubation time was measured), intubation
procedure and availability of complete data. Various fac-
tors included in the endotracheal intubation assessment
form were considered during the analysis. The form that
was used listed the following questions to be filled in by
the anaesthesiologist performing the intubation:

« Number of years the doctor specialized in anaesthe-
sia and work experience.

«  Laryngoscope of choice (classic laryngoscope, video
laryngoscope).

«  Type of endotracheal tube.

« Additional interventions and equipment to assist
endotracheal intubation: tracheal shift during intu-
bation, change of laryngoscope blade, rigid guide-
wire, Magill forceps, Bougie guidewire, additional
doctor to assist, additional nurse to assist,

«  Change of laryngoscope (to videolaryngoscope, to
classic).
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- Route of intubation (nasal, oral).

«  Patient’s body weight.

«  Factors affecting the level of intubation difficulty
(physiological and pathological features of the
paediatric patient): craniofacial malformations,
cleft lip, cleft palate, polydactyly, neonate, prema-
ture infant, malformation syndrome.

« Airway (difficult airway, difficult mask ventilation,
difficult laryngoscopy, inability to intubate).

«  Cormack-Lehan score.

« Intubation time.
«  Subjective assessment of difficulty

RESULTS

The study group consisted of 117 patients who
came from different departments: the Department of
General Surgery, the Department of Cleft Surgery, the
Department of Endoscopy, the Department of Oncol-
ogy, the Department of Intensive Care and the Depart-
ment of Orthopaedics. The largest group consisted of

Fig. 1. Percentage distribution of patients by referral unit

Source: Own materials
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general surgery patients, i.e. 49 patients. The second
largest group was the cleft surgery ward, where 32 pa-
tients were examined. There were also 28 oncology pa-
tients among those examined. The groups with small
numbers were: endoscopy (5 patients), the Depart-
ment of Intensive Care (2 patients) and orthopaedics (1
patient) (Fig. 1).

The number of years of having the specialty in anaes-
thesia at the Institute of Mother and Child varies from

TILTING THE LIP
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4 to 30 years. The average is around 20 years of expe-
rience, while the average length of work in the field is
14.01 years. A classical laryngoscope was overwhelm-
ingly chosen for intubation. A videolaryngoscope was
used in only 0.85% of the cases in the study popula-
tion. For endotracheal intubation, a plain endotracheal
tube without a sealing cuff was most commonly used.
Ordinary tubes with a sealing cuff and reinforced tubes
without a cuff on a rigid guidewire were used with equal
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Fig. 5. Number of assessment occurrences on the Cormack-Lehane scale
Source: Own materials

Table.1. Subjective assessment of intubation difficulty

50 60 70 80

1 Definitely easy 50%
2 Rather easy 44%
3 | have no opinion 2%
4 Rather difficult 3%
5 Definitely difficult 1%

Source: Own materials

frequency. In the rest of the cases, other endotracheal
tubes were used, e.g. the north polar or double-lumen
tubes (here left-sided endobronchial), accounting for a
total of just over 21%. During intubation in children, the
type of tube was rarely changed. Figure 2 illustrates the
use of different intubation tubes during this study.

In most cases, additional human resources or extra
equipment were used during endotracheal intubation
in paediatric patients. The most commonly chosen auxil-
iary equipment was the rigid guidewire. It was used not
only because of the problems associated with the intu-
bation procedure, but also because of the design of the
tubes with which it is used (armored/double-lumen). A
technique performed to aid the procedure was to move
the trachea during intubation (Fig. 3). The use of more
than one intervention occurred in 21 cases, or almost
18% of the study population.

The average age of the paediatric patients was ap-
proximately 6 years and 4 months. This means that the
patients included in the study were pre-school or early
school-age children. The mean weight of the patients
enrolled in the study was 25.4 kg. Extreme values ranged
from 2.7 kg to 104 kg. This is a fairly wide range of body

weights, suggesting that the study group included chil-
dren with different degrees of growth and physical de-
velopment.

In the study group of paediatric patients, the route of
intubation by mouth was clearly dominant. This method
was chosen in the highest percentage of cases, i.e. out of
the 117 patients studied, oral intubation was used in 113
cases. This indicates that nasal intubation is rarely used,
which is consistent with clinical practice. Nasal intuba-
tion is usually preferred for neonates and premature in-
fants, because of their specific anatomical features and
the need to stabilise the endotracheal tube in the airway.
Moreover, for operations of both the maxilla and man-
dible simultaneously, nasal intubation may be chosen
to expose the surgical field better. In the study group,
there were four cases of nasal intubation, accounting for
3.42% of the patients. Although this is a lower percent-
age than intubation through the mouth, it is worth un-
derlining that this route of intubation still has its uses in
certain clinical situations.

In the study group, craniofacial defects were record-
ed in 35 patients. The malformation syndrome, which
presents with a recognizable pattern of congenital
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anomalies that can also have an impact on the difficul-
ty of intubation, occurred in four patients in the study.
Among the cases studied, cleft palate was present in 29
patients, whereas cleft lip in 19 cases. In the study group,
it was noted that craniofacial malformations with both
cleft lip and palate occurred a total of 16 times. Craniofa-
cial malformations with cleft palate occurred 13 times,
while craniofacial malformations with cleft lip occurred
3 times. Additionally, in some cases, craniofacial defects
with cleft lip and palate were accompanied by defect
syndromes. Two such cases were noted. The first patient
had tetralogy of Fallot and the other presented with
Treacher Collins Syndrome. Craniofacial defects with
cleft palate alone were accompanied by other disorders:
in one patient a heart defect with Pierre Robin Syndrome
and in the other Di George Syndrome. There were also
postoperative conditions following cleft lip and/or pal-
ate for other cases of craniofacial defects. The presence
of a palatal tumour was reported in one case. Among the
examined cases there were also 3 newborns and 2 pre-
mature babies (Fig. 4).

Overall, 5 out of 117 cases had one or more difficul-
ties, i.e. under 4.3% of the patients analysed. One patient
had 2 difficulties, i.e. difficult airway (DA) and difficult
mask ventilation (DMV). The above was the one with
Treacher Collins Syndrome, hospitalised due to facial
defects: cleft lip and cleft palate. An important point to
be raised is that the difficulty of intubating patients with
difficult airways is rated highest during the subjective
assessment of intubation difficulty. Only a small percent-
age of intubation difficulties are due to the patients’ana-
tomical structure, specifically their airway.

The Cormack-Lehane scale was used to assess 117
patients. The intubation time was measured and, after
the procedure, each doctor performing the intubation
made a subjective assessment concerning the difficulty
of the case. Based on the above assessments, a score of
2 on the four-point Cormack-Lehane scale was obtained,
with the highest score occurring once and the lowest 68
times (Fig. 5).

The average intubation time was less than 53 sec-
onds, with extremes of 10 seconds for the fastest pro-
cedure and 5 minutes and 45 seconds for the longest. In
most cases, intubation was rated as easy or rather easy
on a five-point modified Likert scale (Table 1).

DISCUSSION

So far there have been many scientific studies on en-
dotracheal intubation in pediatric patients. These stud-
ies have aimed to assess factors influencing intubation
difficulties and to identify predictors of problems in chil-
dren. The results of these studies provide important in-
formation on risk factors and potential strategies to pre-
vent intubation difficulties [29-31]. Studies have shown
that there is a diverse range of intubation problems in
paediatric patients and that the factors impacting these
may vary according to age, anatomical development,
primary medical conditions and other factors. Studies

on the assessment of intubation difficulties in children
provide important clues for healthcare professionals
helping to identify patients requiring special attention
during endotracheal intubation [7, 24, 25, 29-31].

Research by Uchinami et al. has shown a correlation
between success in the first intubation attempt using a
classic laryngoscope and experience in anaesthesiology,
whereas no such correlation was observed when a vide-
olaryngoscope is used. In our own study, there is a corre-
lation regarding intubation time and seniority combined
with experience in anaesthesiology. In general, intuba-
tion time decreases with increasing experience [32].

Hansel et al. in their study on the basis of 61 studies
with a total of 9883 participants were not able to link the
relationship between intubation time and the Cormack
- Lehane scale score due to the significant heterogene-
ity in the data. In contrast, our study showed a statisti-
cally significant relationship between the two variables,
i.e. a moderate positive correlation between intubation
time and the Cormack-Lehane scale score. This means
that as the time of intubation increases, the rating of
the difficulty in visualising anatomical structures also
increases. The difference between intubation time and
the Cormack-Lehane score is statistically significant. This
is important because it suggests that there is a real rela-
tionship between the two variables and that the result is
not due to chance [33].

In their study, Andruszkiewicz and Zawadka assessed
the reliability of tests designed to identify difficulties dur-
ing intubation. One of the conclusions drawn in the study
is that prognostic tests, which are commonly used, are
also unreliable. In their study, two tests had the highest
diagnostic power: distance between incisors less than 3.5
c¢m and neck circumference greater than 42 cm [34]. Many
different scales and combinations of scales are used to as-
sess intubation difficulty. In their paper, Adnet et al. sug-
gest the IDS scale which includes 7 factors and combines
objective and subjective criteria. Nevertheless, despite a
prospective evaluation of 311 prehospital and 315 hospi-
tal intubations, they suggest continuing the study, as en-
larging the group may change the value of the results [35].
Nerskov et al. in their study focused on the accuracy of the
prediction of difficult airway management by made by
anaesthetists [36]. The results show how much work there
still is in this sphere. It turns out that of the 3391 “difficult”
intubations, as many as 93% were unpredicted, whereas
only 25% were confirmed with previous assessment of a
difficult intubation. With regard to difficult ventilation, the
results were 94% and 22%, respectively. The conclusion
is that one should always be prepared for difficult intu-
bation. The studies available suggest that increasing the
number of tests for predicting intubation difficulties may
increase their overall diagnostic power. Unfortunately,
this is too time-consuming to use in daily practice. In the
study by Shulaman et al. on the use of the Bullard adult
laryngoscope in children, no correlation was found be-
tween intubation time and the height, weight or age of
the pediatric patient [37]. In our study, too, the age of the

157



158

Pawet Wrzesien et al.

pediatric patient was not shown to be related to intuba-
tion time and the subjective assessment of intubation.

CONCLUSIONS

The study which assessed the course and difficulty of
endotracheal intubation in paediatric patients at the Insti-
tute of Mother and Child in Warsaw is an important step in
improving medical care for these patients. The continua-
tion of the research and the implementation of the results
of this study may contribute to improving therapeutic
outcomes and the safety of intubation per se, which is
crucial for the health and life of paediatric patients.

It is recommended that the procedure for securing
the airway should be standardized and a protocol for
difficult intubation should be introduced, taking into
account the difficulties and methods of action to sup-
port intubation.

It is recommended that intubation procedures
should be adapted to the individual needs of patients,

taking into consideration age, clinical condition and
anatomy.

It is recommended that the established intubation
protocols should be regularly evaluated and updated in
accordance with the latest scientific findings and avail-
able tools and techniques.

It is recommended that adequate environmental
conditions and infrastructure should be provided for en-
dotracheal intubation (lighting, humidity, temperature,
adjustability of the headrest, availability of gel position-
ers or their substitutes).

Moreover, the education of medical personnel is
recommended. Programmes involving training, work-
shops and intubation skill improvement should be im-
plemented to ensure the highest level of competence
of the personnel involved in endotracheal intubation in
paediatric patients. Staff knowledge, skills and experi-
ence have a direct impact on the safety and effective-
ness of intubation procedures.
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ABSTRACT

Aim: Paramedics are frontline professionals who have direct contact with patients. Their duties include patient care, stabilizing their condition, and com-
municating with patients’ relatives, often having to deliver very difficult news. The aim of this article is to determine whether the place of employment affects
the level of perceived stress, whether stress itself impacts the work of paramedics, and to identify the main sources of stress within this professional group.
Material and methods: The study was conducted using the CAWI method (Computer-Assisted Web Interviewing) in the form of an anonymous online sur-
vey. It was distributed to 70 actively working paramedics employed in various healthcare settings in Poland. The questionnaire included 25 questions covering
demographics, sources of stress, its consequences, and coping strategies. Data were collected between February and April 2025 and analyzed using SPSS and
Excel. The level of statistical significance was set at 0.05.

Results: The average stress level in the group was 5.34 (SD = 2.0). Employment setting had limited influence on stress, although respondents from emergency
departments and medical dispatch centers reported slightly higher levels. The most frequent stressors were aggression from patients or their families (70%)
and cases involving children (54.3%). Coping strategies most often chosen included physical activity (52.9%) and talking to relatives (71.4%). Only 28.6%
reported having access to support at work.

Conclusions: Stress is present and noticeable in the workplace of paramedics. Unfortunately, despite this awareness, employers do not provide adequate

support to help manage it effectively.

KEY WORDS
emergency medical services, mental health, working conditions

INTRODUCTION

Stress is a daily part of paramedic work. The World
Health Organization (WHO) defines stress as a “state of
worry or mental tension caused by a difficult situation,’
whichisa normal human response [1]. Without adequate
support, stress may lead to ineffective or harmful coping
strategies. This was observed in Poland, where the AL-
COVID study reported increased alcohol consumption
among quarantined physicians during the pandemic [2].
Long-term, such behavior can lead to addiction. Simi-
larly, Singh et al. found that most medical students used
alcohol, tobacco, or psychoactive substances to manage
stress [3].

WHO estimates that 15% of working adults face
workplace-related mental health issues. A 2022 report
noted that perceived pressure, poor work environments,
and lack of support harm employees’ mental health.
WHO stresses that organizational changes can improve
mental health [4]. Similar findings come from interna-
tional EMS studies [5].

According to ICD-10 (code Z73.0), burnout is a “state
of vital exhaustion” [6]. Though general, this classifica-
tion shows that working conditions affect mental health.
In 2019, WHO added burnout to ICD-11, defining it as a
syndrome from chronic unmanaged workplace stress.
Main symptoms include emotional exhaustion, nega-

tive attitudes toward work, and reduced effectiveness.
Paramedics constantly interact with patients and fami-
lies, often in difficult conditions [7]. Research in Norway
by Sterud et al. shows paramedics face high stress risks,
mainly from overtime and lack of workplace support
[8]. lordache et al. highlight time pressure and trauma
exposure as key stressors [9]. A Polish study using the
Oldenburg Burnout Inventory found significant burnout
among paramedics and stressed the need for support
measures [10].

The COVID-19 pandemic worsened these issues.
Spychata, Piwowarska, and Piekut reported that 49.4%
of paramedics experienced high stress during the pan-
demic, with over 11% reporting very high levels. Most
had contact with infected patients, and many contracted
COVID-19 themselves, likely intensifying stress [11]. Ziarko
et al. found depression and elevated stress were common,
especially in those treating COVID-19 patients [12].

During the pandemicg, stress, depression, and the use
of psychoactive substances were significant risk factors
for health deterioration, including life-threatening con-
ditions, across all occupational groups [13, 14].

Long-term stress can lead to burnout and decisions
to leave the profession. Crowe et al. showed a clear link
between burnout and intentions to quit healthcare jobs
[5]. Beldon and Garside noted that paramedics are front-
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line workers exposed to stressors promoting burnout
and highlighted the importance of continuous psycho-
logical support [15].

Unlike police or firefighters, paramedics often lack
immediate psychological support after traumatic events.
They must process incidents alone and be ready for the
next call. WHO states stress affects both body and mind.
Moderate stress can be helpful, but excessive stress
leads to health problems like pain, substance use, and
sleep issues [16].

In crises, WHO recommends physical and psychologi-
cal support, debriefing, and training to reduce burnout
and errors. Stress sources include not only incidents and
patient conditions but also reactions from families, wit-
nesses, work environment, and teams [7].

Common tools like PSS-10, Maslach Burnout Invento-
ry, and Coping Inventory for Stressful Situations measure
stress in research [17-19]. This study used a custom ques-
tionnaire tailored to paramedics’ specific work conditions,
addressing daily challenges across different workplaces.

The aim was to assess how the workplace affects per-
ceived stress and identify common stressors among 70
active paramedics. The online survey data help under-
stand daily realities and highlight areas needing organi-
zational and psychological support.

Table 1. Workplace of the respondents

AIM

The study aimed to examine how perceived stress
levels affect paramedics’ professional functioning de-
pending on their workplace. It focused on identifying
common occupational stressors and whether high stress
influences career decisions, such as job changes or leav-
ing the profession.

Given paramedics’ constant exposure to stress, this
topic has practical importance. Understanding stress
mechanisms can improve working conditions and sup-
port systems for this group.

The hypotheses were:

1. Employment place significantly relates to perceived
stress levels.

2. Main stressors are contact with aggressive patients,
time pressure, and mass incidents.

3. Coping strategies do not differ significantly by work-
place.

4. High stress levels affect decisions to change jobs or
leave the profession.

MATERIALS AND METHODS

The study was conducted following the Declaration
of Helsinki and approved by the Ethics Committee of the
Medical University of Warsaw (protocol AKBE/41/2025;

Workplace n [%]

Medical dispatch center 1 1,4

Hospital admission room 5 7,1

Air Ambulance Service (HEMS) 2 2,9
Intensive Care Unit (ICU) 1 1,4
Private medical company 13 18,6
Hospital Emergency Department (ED) 25 35,7
Medical transport 1 1,4

Military / uniformed services 4 5,7

EMS team in a large city (>100,000 inhabitants) 10 14,3
EMS team in a small town (<100,000 inhabitants) 8 11,4
Total 70 100

n — numer of responders; [%] — percentage of the sample

Source: Own materials

Table 2. Average stress level (1-10 scale) among employees in private medical companies, hospital emergency departments (ED), and emergency medical

services (EMS)

Workplace M SD min max
Private medical company 5,54 2,76 2 10
Hospital Emergency Department (ED) 5,40 1,83 2 9
Emergency Medical Service team (EMS) 517 1,65 2 7

M — mean; SD — standard deviation; min — minimum; max — maximum

Source: Own materials
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approval date: 24 February 2025). It took the form of an
anonymous online survey via Google Forms from Febru-
ary to April 2025. Participation was voluntary and anony-
mous.

The study group included 70 actively working para-
medics employed across Poland. Inclusion criteria were
professional qualifications and current employment in
emergency medical services (e.g., Emergency Depart-
ment, EMS Team, private company, Air Ambulance).
The purposive, non-probabilistic sample was recruited
through thematic EMS groups.

A custom 25-question questionnaire covered demo-
graphics (gender, age, workplace, experience, educa-
tion) and specific paramedic work stressors. Standard-
ized tools like PSS-10 or MBI were not used, as the goal
was to reflect the unique Polish paramedic context. The
questionnaire, developed from literature review and
practical insights, contained mostly closed-ended ques-
tions and one numerical scale, organized into four sec-

tions: demographics, stress level and sources, effects,
and coping strategies. Respondents’ demographic and
professional data are detailed in the Results section.

Data were analyzed using SPSS. Descriptive statistics
(means, SDs) and Pearson’s chi-square test of independ-
ence were used. Stress levels were compared between
professional groups, and links between stress and career
decisions examined.

RESULTS

The aim was to determine the stress level among par-
amedics depending on their place of employment and to
analyze which situations are the most stressful. Seventy
paramedics from various locations in Poland participat-
ed. The gender distribution was similar-38 men (54.3%)
and 32 women (45.7%). The dominant group was peo-
ple under 35 years old (77.1%) and with less than 5 years
of professional experience (68.6%). Most respondents
worked in the Emergency Department (35.7%) (Table 1).

Table 3. Frequency of stress experienced depending on the place of employment

Workplace
Private companies ED EMS
Stress at work n [%] n [%] n [%]
Never 1 7,7 0 0,0 0 0,0
Rarely 6 46,2 9 36,0 10 55,6
Often 4 30,8 16 64,0 8 44,4
Always 2 15,4 0 0,0 0 0,0
Total 13 100 25 100 18 100
n — numer of responders; % — percentage of the group
Source: Own materials
Table 4. Sources of stress indicated by the respondents
Occupational stressors n %
Lack of proper equipment 26 371
Lack of stability - frequent management changes 1 1,4
Team conflicts 30 42,9
Contact with aggressive patients/family members 49 70,0
Mobbing (workplace bullying) 1 1,4
Low salary 15 214
Working with children 38 54,3
Time pressure 18 25,7
Mass casualty incidents 24 343
Poor work organization 25 35,7

n — numer of responders; % — percentage of the sample

Source: Own materials
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The first hypothesis assumed that the place of em-
ployment affects the level of perceived stress among
paramedics. Table 2 presents the mean values of stress in-
tensity rated on a scale from 1 to 10 in the group of people
working in private medical companies, in hospital emer-
gency departments, and in emergency medical teams.
Other workplaces were excluded from the analysis due to
the small number of respondents working in those places.

Based on the value of the one-way analysis of vari-
ance, no statistically significant differences were found
between the compared groups in terms of stress inten-
sity, F(2,53)=0.14, p>0.05, thus no results confirming hy-
pothesis 1 were obtained. Table 3 presents the distribu-
tion of the frequency of experiencing stress in groups
distinguished by workplace.

Based on the value of the independence test
X’(6)=12.88, p<0.05. Frequent stress was reported by
64% in EDs vs. 55.6% in EMS and 30.8% in private firms,
suggesting workplace-related variation (Fig. 1).

The next hypothesis concerned the main sources of
stress. It was assumed that the most frequently indicated
factors would be contact with aggressive patients, time
pressure, and participation in mass casualty incidents.
Table 4 presents the distribution of sources of stress at
work indicated by the respondents.

Figure 2 shows the percentage distribution of stress
sources reported by respondents, ranked from most to
least frequent.

Aggressive patients, pediatric cases, and team con-
flicts were the top stressors. Equipment issues, poor or-

ganization, and mass incidents followed. Time pressure
and low pay were less frequent stressors.

The third hypothesis assumed no significant differ-
ences in coping strategies between paramedics em-
ployed in different workplaces. Table 5 presents the
distribution of coping strategies used by respondents
working in private medical companies, hospital emer-
gency departments, and emergency medical teams. The
summary is supplemented with the values of the inde-
pendence test .

No statistically significant relationships were found
between the workplace of the respondents and the cop-
ing strategies used, which confirms the third hypothesis.
The most frequently indicated coping strategies were
physical activity and developing hobbies.

Table 6 presents the distribution of coping strategies
after the end of a shift among respondents from private
companies, ED, and EMS, along with ¥’ test results. No
statistically significant relationships were found between
workplace and chosen strategies (all p = 0.05), confirming
hypothesis 3. The most common strategies were physical
activity, hobbies, and talking with family or friends. The
most frequently indicated strategies were physical activ-
ity, hobbies, and talking with family and friends.

The last hypothesis concerned the impact of stress
on decisions to change jobs or leave the profession.
Table 7 shows how frequently respondents perceived
stress as having a negative effect on their physical or
mental health. Most declared experiencing such effects
at least occasionally, with over one-third reporting it of-

Table 5. Coping strategies used during work by employees of private medical companies, emergency departments, and EMS teams

Workplace
col;:l:),:l:?es ED EMS
Coping strategies n [%] n [%] n [%] X2 p
Physical activity 10 76,9 13 52,0 12 66,7 2,46 0,292
Time management and planning 5 38,5 12 48,0 6 333 0,98 0,613
Practicing mindfulness 0 0,0 1 4,0 1 56 0,70 0,704
Developing hobbies 7 53,8 13 52,0 9 50,0 0,05 0,977
Cognitive-behavioral techniques 0 0,0 4 16,0 1 56 3,06 0,216
Relaxation techniques 2 15,4 6 24,0 3 16,7 0,55 0,759
Psychological therapy 1 7,7 6 24,0 3 16,7 1,58 0,455
Avoiding excessive stressors 0 0,0 7 28,0 5 27,8 4,62 0,099
Alcohol use 1 7,7 1 4,0 3 16,7 2,10 0,351
Psychoactive substance use 0 0,0 3 12,0 0 0,0 3,93 0,140
Social support 3 231 9 36,0 3 16,7 2,11 0,348
Healthy lifestyle 7 53,8 10 40,0 3 16,7 4,91 0,086

n — numer of responders; % — percentage of the group; x2 — chi-square test value for df = 2 for all comparisons; p — statistical significance level

Source: Own materials
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H MNever B Rarely B Often MAlways

70% 64%

60% 55,60%

50% 46,20% 4,40%

40% 36%

0,80%

30%

20% 5,40%

10% 7,70%

- 0% 0% 0% 0%
0%
Private companies Hospital emergency Emergency medical teams
departments
Fig. 1. Reported stress level depending on workplace
Source: Own materials
Sources of stress: 0% 10% 20% 30% 40% 50% 60% 70% 80%

Contact with aggressive patients/family members I S 7 0,0%
Working with children S — ——————————— 5./, 3%
Team conflicts . — s s s————— ]2 9%
Lack of proper equipment ———————————— 37,1%
Poorwork organization mEEEEEESS-S—— 35 7
Mass casualty incidents EEEE———————— 3] 30
Time pressure EE———— 25 70
Low salary m—21.4%

Lack of stability— frequent management changes B 1,4%
Mobbing (workplace bullying) = 1,4%

Fig. 2. Percentage distribution of reported sources of stress

Source: Own materials
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Fig. 3. Impact of stress on professional decisions (e.g., changing workplace, resignation)

Source: Own materials
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ten. These findings suggest that stress may influence job  changing jobs or resignation) (Fig. 3). The majority of
satisfaction and career retention. respondents, i.e., 49 people (68.6%), did not notice

Twenty-two respondents (31.4%) admitted that such an impact, thus no results confirming the last hy-
stress influenced their professional decisions (e.g., pothesis were obtained.

Table 6. Coping strategies used after work shifts by employees of private medical companies, emergency departments, and EMS teams

Workplace
colla:llp‘),:rt:es ED EMS
Coping strategies n [%] n [%] n [%] X2 P

Physical activity 8 61,5 12 48,0 7 38,9 1,55 0,460

Passive rest 0 0,0 0 0,0 1 5,6 2,15 0,341

Hobbies 7 53,8 7 28,0 8 44,4 2,69 0,260

Social media 1 7,7 0 0,0 0 0,0 3,37 0,186

Watching series 0 0,0 0 0,0 1 5,6 2,15 0,341

Cigarettes 1 7,7 4 16,0 3 16,7 0,61 0,739

Talking to family/friends 8 61,5 23 92,0 14 77,8 514 0,077

Sleep 1 7,7 0 0,0 0 0,0 3,37 0,186

Listening to music, going to the 0 0,0 0 0,0 1 56 215 0,341
cinema

Taking a nap 0 0,0 1 4,0 0 0,0 1,26 0,532

Trying not to bring stress home 1 7,7 0 0,0 0 0,0 3,37 0,186

Avoiding the topic/work 4 30,8 6 24,0 1 56 3,58 0,167

Alcohol 1 7,7 4 16,0 3 16,7 0,61 0,739

n — numer of responders; % — percentage of the group; x2 — chi-square test value for df = 2 for all comparisons; p — statistical significance level

Source: Own materials

Table 7. Perception of stress-related negative effects on physical or mental health

Perceiving the negative effects of stress n [%]
No 10 14,3

Yes, occasionally 35 50,0

Tak, often 25 357

Total 70 100

n — numer of responders; [%] — percentage of the sample

Source: Own materials

Table 8. Perceived impact of stress on personal life

Perceived impact of stress

on personal life 0 [%]
Definitely not 2 2.9
Rather not 19 27,1
Rather yes 33 47,1
Definitely yes 16 22,9
Total 70 100

n — numer of responders; [%] — percentage of the sample

Source: Own materials
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Table 9. Distribution of support in stressful situations at the workplace

Support in stressful situations n [%]
No 40 571

Yes 18 25,7

| don't know 12 17,1

Total 70 100

n — numer of responders; [%] — percentage of the sample

Source: Own materials

Table 10. Respondents’answers to the question about choosing the paramedic profession again, knowing the current level of stress associated with the job

Choosing the paramedic profession again n [%]
Definitely not 3 43

Rather not 8 1,4

Rather yes 24 343

Definitely yes 35 50,0

Total 70 100

n — numer of responders; % — percentage of the sample

Source: Own materials

Table 8 presents the distribution of perceived im-
pact of stress on personal life among the respondents.
Most respondents noticed the impact of stress on per-
sonal life, i.e., answered “rather yes” or “definitely yes." In
total, this was 70.0% of the respondents.

In addition to the stated hypotheses, to better un-
derstand how paramedics cope with occupational
stress, the study also asked about participation in stress
management training and the presence of support in
the workplace. The study showed that twenty-one re-
spondents (30.0%) participated in stress management
training. However, more than half (57.1%) stated that
their workplace did not provide support in stressful
situations (Table 9).

Due to the exposure to stress in the paramedic pro-
fession, study participants were also asked whether,
knowing the current degree and impact of stress, they
would choose this profession again. The obtained an-
swers are presented in Table 10.

Most people would choose the paramedic profes-
sion again, even with the awareness of the level of
stress associated with this job. The answers “rather yes”
or “definitely yes” were given by 84.3% of respondents.

DISCUSSION

The study assumed that the place of employment
of paramedics affects their perceived level of stress.
Average stress was 5.34 — highest in private compa-
nies, lowest in EMS teams. Stress frequency, though
not intensity, varied across workplaces. In each of the
analyzed groups, the answer “often” was given as the
frequency of perceived stress-private company 30.8%,
ER 64%, EMS 44.4%. In the study by Nowakowska con-

ducted among emergency department employees,
it was also shown that the studied group experiences
stress more intensely and more often than employees
of other medical facilities. This is mainly related to feel-
ings of emotional exhaustion, depersonalization, and a
low sense of achievement. Thus, the workplace matters
less than the job’s nature in a given setting.

Another assumption was that the most common
stressful situations would be: contact with aggressive
patients, time pressure, and mass casualty incidents.
The analysis only partially confirmed the hypothesis.
The most stressful situations involved aggression (70%),
followed by pediatric cases. Mass casualty incidents
and time pressure were only in sixth and seventh place
on the list, respectively. This may be because such cases
are rare; most calls involve routine health issues. How-
ever, there is no doubt that aggression from patients
and their environment is present [20]. This is confirmed
by the results of the study by Pekala et al., who showed
that the form of aggression paramedics are exposed to
is both physical and verbal. The mentioned study em-
phasized that such situations negatively affect the well-
being of medical staff [21]. Similar observations can be
found in the work of Lickiewicz et al., who studied how
medical students perceive aggression towards medical
personnel. Aggression from patients triggers tension,
fear, irritability, and loss of control. As such experiences
are prolonged, the quality of healthcare services pro-
vided decreases. The study showed that the problem
of aggression is also noticed by students undergoing
professional internships during their education [22].

Pediatric cases, though less frequent, often evoke
stronger fear and tension. This results from the need to
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use a completely different approach than with adults,
and an additional difficulty may be the presence of a
parent whose emotions and behavior do not always
support the course of the intervention.

The third hypothesis concerned the lack of differ-
ences in coping strategies among the studied individu-
als. The analysis confirmed that regardless of the place
of employment, paramedics choose similar ways of
coping with stress. The most preferred way of relieving
stress was definitely physical activity-private company
76.9%, ER 52%, EMS 66.7%. After shifts, some groups
favored talking over physical activity. In the group of
private company employees, both methods received
the same percentage of votes (61.5% each), but among
paramedics working in ERs, as many as 92% indicated
talking with loved ones, while only 48% chose physi-
cal activity. In EMS, talking was also chosen more often
(77.8%) than physical activity (38.9%). After work, para-
medics often prefer rest with loved ones over further
exertion.

Additionally, coping strategies may largely depend
on one’s personality, available forms of support, and,
above all, one’s approach to a particular situation. The
work environment may impose certain ways due to
group pressure, but the final decision to follow them
remains with the individual.

Similar conclusions were reached by Zurowska-
Wolak et al., who confirmed among 122 paramedics
from Krakow that both constructive and non-construc-
tive methods of coping with stress appear. They were
independent of the place of employment, but the
vast majority of respondents, as many as 64%, chose
constructive techniques such as physical activity or re-
laxation techniques [23]. WHO'’s “Doing What Matters”
guide promotes simple stress-coping techniques for
anyone, not just medics [24].

The last hypothesis concerned the impact of per-
ceived stress on professional decisions, such as con-
sidering changing jobs or leaving the profession alto-
gether. Although only about one-third of paramedics
admitted that stress directly affected their professional
lives, a much more worrying fact is that as many as 70%
of respondents notice its negative effects in everyday
life. On the one hand, this may indicate their self-aware-
ness-if they know that stress affects them, perhaps it is
easier for them to control emotions and avoid transfer-
ring tension from work to home. On the other hand, it
should be remembered that paramedics are also ordi-
nary people-they are not always able to maintain full
distance from what they experience professionally. In-
tense stress may lead to arguments or blaming loved
ones unrelated to the cause. Sometimes, even a trivial
situation or minor family conflict is enough for accumu-
lated work-related emotions to be released. This often
happens in a sudden and disproportionate manner to
the actual problem.

Fewer than 30% reported workplace support. Such
low availability of help, especially in a profession ex-

posed to constant stress, definitely works to the disad-
vantage of employees. A brief talk could help after a
hard shift, but such opportunities are rare.

A similar study was conducted by Buljan et al.,
who, after examining 456 paramedics, found that the
most significant factors affecting perceived stress are:
a sense of responsibility, uncertainty about the work
system, and psychological workload. The mentioned
study also showed that especially among paramedics
working in EMS, perceived stress had a directimpact on
the occurrence of burnout symptoms [25].

Zurowska-Wolak et al. found that people who expe-
rience burnout symptoms are much more likely to feel
reduced job satisfaction, exhaustion, and fatigue. In the
long term, all these things can lead to thoughts of leav-
ing the profession [23].

Despite all these difficulties, pressure, and daily
challenges, it is very positive that over 75% of paramed-
ics would choose this profession again. This is truly uplift-
ing. It means that despite stress, fatigue, and sometimes
ungrateful situations, there are still people who want
to help and be part of the healthcare system. Thanks to
these people, the system has the greatest strength.

The purposive sample, mostly younger paramedics
with limited experience, limits generalizability. Demo-
graphic factors like age, gender, or experience were not
controlled in the analysis. This may affect the level of per-
ceived stress and professional decisions. Younger para-
medics are still adapting to the system and pace of work.

On the other hand, it is worth noting that this limi-
tation can also be treated as a valuable conclusion. If
even among such a young group there was a clear ten-
dency to consider leaving the profession due to stress,
it would mean a real threat to the future of medical
staff. Early lack of support may cause rapid burnout and
staff turnover. This could worsen staffing shortages.

If they are not provided with adequate support
- such as access to a psychologist, training, or space
to relieve tension-the system will become even more
overloaded. Soon, mostly older staff will remain, risking
quality declines from overload.

The second limitation of the study was the use of
a proprietary questionnaire instead of ready-made
standardized tools. Due to the lack of prior official
confirmation of the validity and reliability of this sur-
vey, the obtained results cannot be compared with the
results of other studies. However, the use of this form
was not accidental. Scales such as PSS-10 or MBI do not
directly refer to the realities of paramedics’ work, espe-
cially considering the variety of workplaces and spe-
cific stressful situations that occur in this profession. By
creating a proprietary questionnaire, it was possible to
obtain more detailed and practical information based
on the real experiences of paramedics, which could not
be described using ready-made forms.

At the beginning of this year a tragedy occurred in
Siedlce [26]. During a rescue operation, an emergency
medical team was attacked by a patient, as a result of

167



168

Natalia Jaworska, Tytus Koweszko, Andrzej Silczuk

which one crew member died in hospital from injuries
sustained. The whole matter was reported on one of
many websites. Shortly after the incident, the newly es-
tablished National Chamber of Paramedics began nego-
tiations with the government to increase the safety of
medical personnel. After negotiations, changes were
published that are to be introduced at the beginning of
2026. These include: the introduction of 3-person EMS
type P teams, self-defense training, provision of psycho-
logical support, and an educational campaign to raise
respect for paramedics [27, 28].

In this profession, it is impossible to completely
eliminate certain situations. It is never possible to pre-
dict what situation will be encountered, whether upon
arrival at the scene or directly during patient care in vari-
ous places. Safety training and equipment can improve
paramedics’ sense of security. This will result in a reduc-

tion in perceived stress in such situations, making their
work more effective.

CONCLUSIONS

The study shows that while the place of employment
does not significantly affect average perceived stress lev-
els, the frequency of stress depends largely on the work
environment. The most common stressor was contact
with aggressive patients and their families, impacting
both personal and professional life. Despite work diffi-
culties, most respondents would choose this profession
again. These findings highlight the need for improved
psychological support and stress coping training for this
group. Future research should use standardized tools
like PSS-10 or MBI and include a larger, more diverse
sample to enhance validity and comparability.exercises,
such as the one described for the purpose of this paper.
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ABSTRACT

The Polish State Emergency Medical Services (EMS) system is facing a growing operational crisis. In many regions, particularly rural and mountainous areas,
there is a visible shortage of EMS teams, limited ambulance availability, and difficulties in reaching patients in a timely manner. Urban traffic congestion, long
distances to hospitals, and the lack of rapid alternatives to traditional emergency vehicles negatively impact intervention effectiveness. In response to these
challenges, the integration of emergency motorcycles as a supplementary intervention tool is being considered. This study analyzes the role of emergency
motorcycles in prehospital interventions, examining their technical characteristics, operational capabilities, and comparing them to traditional ambulances
in terms of equipment, response time, patient transport capacity, and costs. The study also considers current legal regulations, including amendments to the
State Emergency Medical Services Act, which for the first time formally regulate the use of motorcycles in this context. While findings suggest that emergency
motorcycles could significantly improve the response speed of the State EMS in selected situations, limitations include their reduced medical equipment
capacity, lack of patient transport functionality, and the systemic strain caused by understaffing and a high volume of non-urgent EMS calls. These constraints
should be taken into account when evaluating their broader implementation.

KEY WORDS
emergency medical services, emergency motorcycle, prehospital intervention

INTRODUCTION

The emergency medical services system in Poland
faces numerous challenges, the most impactful being
the limited number of EMS teams, difficulties in access-
ing aid in rural, mountainous, and other hard-to-reach
locations. Moreover, traffic congestion, long distances to
hospitals, and overburdened medical services contrib-
ute to delayed responses, which in critical cases can be a
matter of life and death [1]. These delays are further ex-
acerbated by frequent difficulties in forming emergency
corridors, especially in dense urban traffic. Emergency
vehicles, while essential, do not always fulfill their role
in situations where every second counts [2]. In response
to these issues, solutions to support conventional am-
bulances are being sought which should be modern and
rapid, in terms of mobility and response time.

Emergency motorcycles, utilized as privileged vehi-
cles in the EMS system in urban areas where heavy traffic
is a problem, appear to be a promising alternative [3].
The use of motorcycles in EMS is not entirely new in Po-

land. They have been employed seasonally and in large
cities, but the 2025 amendment to the State Emergency
Medical Services Act has now established a formal legal
framework for their broader and systematic implemen-
tation. Given the increasing demand for faster and more
mobile intervention methods, this study analyzes the
role of emergency motorcycles in the Polish EMS system.

AIM

The aim of this study is to assess the role of emergen-
cy motorcycles as a complementary element in the Pol-
ish Emergency Medical Services (EMS) system, especially
in light of the 2025 amendment to the EMS Act, which
legally recognizes their use.

MATERIAL AND METHODS

The analysis includes a review of scientific literature
(2016-2025), legal regulations, and case examples from
Polish pilot programs. Key aspects explored are response
times, operational costs, equipment capabilities, and
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limitations such as the inability to transport patients.

In addition, the study considers clinical indications
for dispatch, integration with EMS systems, safety risks
for operators, and the specific competencies required for
motorcycle paramedics. Public and professional percep-
tions are also discussed.

The findings aim to support the informed implemen-
tation of emergency motorcycles in scenarios where
speed and accessibility are critical- such as urban traffic,
large events, or hard-to-reach locations.

REVIEW
ORGANIZATION OF THE EMERGENCY MEDICAL SER-
VICES SYSTEM IN POLAND

The State Emergency Medical Services (pol. System
Panstwowego Ratownictwa Medycznego PMR) in Po-
land is one of the key pillars of public healthcare, re-
sponsible for providing assistance in cases of sudden
medical emergencies [4]. Its operation is regulated by
the State Emergency Medical Services Act of September
8, 2006, which defines the scope of activities, organiza-
tional structure, and conditions for prehospital care [5].
The aim of the system is to deliver fast and professional
medical assistance in emergencies while maintaining
safety standards and accessibility of services.

The PRM structure includes medical dispatch centers,
EMS teams, hospital emergency departments, Air Ambu-
lance Services, and cooperating entities such as the State
Fire Service, Police, Mountain Volunteer Rescue Service,
and Water Volunteer Rescue Service [6]. Each of these
components plays a significant role in the emergency
response chain, and their coordinated actions determine
the system’s overall effectiveness. Critical role play EMS
teams, which are operating around the clock and are cat-
egorized into basic, advanced, and specialized teams [7].
Basic teams consist of at least three members, including
one person authorized to perform emergency medical
procedures (a nurse or paramedic) and two rescuers quali-
fied in advanced first aid. These teams handle prehospital
interventions in cases not requiring advanced medical
supervision and are the most frequently deployed units.
Advanced teams comprise at least three authorized medi-
cal personnel, including a nurse or paramedic with spe-
cialized qualifications, enabling them to manage more
critical cases. Specialized teams have the broadest scope
of competence and may consist of two or three members,
depending on the organizational model.

Teams operating in a “rendez-vous” (R-V) model co-
ordinate with other emergency units at the scene, such
as fire departments or basic EMS teams [7]. Mobile In-
tensive Care teams provide full intervention capabilities
comparable to prehospital intensive care. Each of these
structures performs an important task in the PRM sys-
tem, ensuring the availability of an appropriate level of
medical assistance depending on the scale and nature
of the incident.

In the event of a medical emergency, the first re-
sponse link is the medical dispatcher, who assesses the

situation via telephone and assigns an intervention pri-
ority level [8]. Teams may be dispatched with a first (im-
mediate life-threatening condition), second (serious but
not immediately life-threatening), or third (stable condi-
tion, often not requiring urgent intervention) priority [8].
Dispatchers use modern location and resource manage-
ment systems to optimize team deployment and reduce
response times.

A fundamental aspect of PRM operations is the stra-
tegic placement of EMS teams to guarantee urban re-
sponse times of no more than 8 minutes and rural re-
sponse times of no more than 15 minutes [8]. However,
in practice, achieving these targets is often hindered by
staffing shortages, equipment deficits, geographical or
logistical challenges, particularly in sparsely populated
or difficult terrain.

The efficiency of PRM depends on available resources,
organizational effectiveness, and the ability to adapt to
changing epidemiological and demographic conditions.
Therefore, continuous monitoring and improvement of
the system are required, which include the exploration
of modern solutions such as emergency motorcycles. In
the long run leading to significant enhanced accessibil-
ity and reduced response times for EMS teams.

OPERATIONAL CHALLENGES OF THE STATE
EMERGENCY MEDICAL SERVICES SYSTEM IN LIGHT
OF STATISTICAL DATA

The State Emergency Medical Services (EMS) system
in Poland, despite its important role in the healthcare
structure, faces numerous organizational, logistical, and
staffing challenges. Growing demand for emergency
care, due to an aging population, increased risk of life-
style diseases, and dynamic changes in environmen-
tal conditions, pressure the ineffective EMS system. An
analysis of statistical data from recent years reveals the
most significant operational difficulties affecting the ca-
pability of prehospital care.

One of the many issues is the insufficient number of
EMS teams relative to the volume of emergency calls. Ac-
cording to data from the Ministry of Health, in some re-
gions, the number of EMS dispatches per 10,000 inhabit-
ants significantly exceeds the national average, leading
to prolonged response times, seen particularly in rural
and mountainous areas [9]. In many cases, the available
teams are already engaged in interventions, forcing
newly reported emergencies to wait for resources to be-
come available [9]. Meanwhile, response time is one of
the most important factors affecting patient outcomes.

Another challenge is the shortage of qualified medi-
cal personnel [9]. Staffing gaps affect both paramedics
and EMS physicians. The situation is exacerbated by high
psychophysical demands, work overload, and insuf-
ficient compensation, which drive many specialists to
migrate abroad or to the private sector [10]. The report
“Health and Healthcare in 2023” noted that despite a
slight increase in the number of paramedics (1.2% com-
pared to 2022), there remains a concerning downward
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trend in the number of EMS physicians and nurses [9].
In 2023, the number of nurses decreased by 2.6%, while
the number of physicians dropped by 9.0% compared
to the previous year, limiting the system’s operational
capacity. Staff shortages are the most acute in smaller
towns and areas with dispersed populations, where re-
cruitment and retention of medical personnel are more
challenging.

Infrastructure and equipment issues also pose sig-
nificant difficulties. Despite modernization efforts, many
ambulances in Poland exceed their recommended ser-
vice life, increasing the risk of breakdowns and compro-
mising patient transport safety. Data from 2023 indicate
that Poland had approximately 1,636 EMS teams, includ-
ing 1,302 basic teams and 315 specialized teams [11, 12].
While this reflects a gradual expansion of the EMS sys-
tem compared to 2022 [11], some regions still face diffi-
culties in accessing adequately equipped EMS bases and
lack modern communication systems and mass-casualty
incident management tools.

Another growing problem is the unjustified use of
EMS resources. Statistics show that a significant percent-
age of dispatches involve cases that do not qualify as
medical emergencies [13].1n 2022, there were 2.1 million
unjustified EMS calls, accounting for 40% of all reports
[13]. Such calls not only burden the system but may also
delay responses to patients in genuine need of immedi-
ate intervention. Some cases could have been managed
through primary care or medical consultation, but due
to limited access to these services, patients resort to
emergency numbers.

Finally, ensuring timely arrival at the scene remains a
major challenge. According to government data, the max-
imum response time for ambulances is 8 minutes in urban
areas and 15 minutes elsewhere, but these targets are not
always met [9, 14]. Traffic congestion, poor road condi-
tions, and the lack of priority infrastructure further com-
plicate the situation. Response times are most problem-
atic during tourist seasons, in mountainous regions, and
in areas with limited transport access. In 2023, data from
regional authorities showed that median response times
were exceeded in all voivodeships, with the highest delays
recorded in Warmian-Masurian (16 min. 31 s.) and Lower
Silesian (21 min. 20 s.) voivodeships in rural areas [9].

The increasing number of calls, staffing shortages,
equipment issues, and system misuse create a complex
web of challenges requiring both legislative and opera-
tional solutions. In the context, alternative intervention
methods, which includes emergency motorcycles, gain
interest, as they could improve response times and al-
leviate pressure on traditional ambulance teams.

COMPARATIVE ANALYSIS OF EMERGENCY MOTORCY-
CLES AND TRADITIONAL AMBULANCES

Modern emergency medical services face numerous
challenges, including rising call volumes, system over-
load, and difficulties in accessing patients in congested or
hard-to-reach locations. In response, alternatives and sup-

plementary transport methods for rescuers and medical
equipment are being explored. One of the solution is the
emergency motorcycle, a specially adapted two-wheeled
vehicle for medical interventions within the State EMS
system [2]. Although its use in Poland remains limited,
many European countries, such as the UK, Portugal, and
the Czech Republic, have long employed emergency mo-
torcycles as effective tools in prehospital care [1, 15-17].

The integration of emergency motorcycles into the
EMS system necessitates an analysis of their efficiency
compared to traditional ambulances. While both serve
rescue functions, their characteristics, operational capa-
bilities, and applications are significantly different. The
following comparison examines key factors influencing
prehospital intervention effectiveness.

Response time

One of the most frequently cited advantages of
emergency motorcycles is their ability to reach the scene
quickly. Especially in urban areas where traffic conges-
tion hinders traditional ambulances. Their agility, abil-
ity to bypass traffic, and ease of maneuvering in tight
spaces can reduce response times by several minutes.
In life-threatening situations, such as cardiac arrest, this
difference decide about patient survival. Moreover, their
rapid arrival often enables treatment initiation within
the “golden hour,” which is critical in minimizing the risk
of long-term complications or death.

A 2021 study by Cambridge University Press ana-
lyzed 271 interventions by motorcycle EMS teams over
two years. The average dispatch-to-departure time for
motorcycle was 0.59 minutes, a significantly shorter time
response than for traditional EMS teams (1.45 minutes,
P = 0.004). Similarly, the average on-scene arrival time
was 6.12 minutes for motorcycles versus 9.10 minutes
for ambulances. These results suggest that emergency
motorcycles can effectively complement traditional EMS
in urban conditions.

Available medical equipment

Due to limited cargo space, emergency motorcycles
carry a restricted range of medical supplies [18-20]. Their
function dictates differences in equipment compared to
ambulances.

Emergency motorcycles are specialized vehicles
designed for rapid response, playing important role in
congested or inaccessible areas [18]. Their equipment in-
cludes essentials for prehospital care, such as: automated
external defibrillator (AED), airway management tools, ac-
tive and passive oxygen therapy kits, cervical collars, limb
immobilization devices [21]. Additionally, they carry trau-
ma dressings, burn treatment supplies, and anti-shock
equipment for basic field care. For vital sign monitoring,
they are equipped with diagnostic tools like pulse oxime-
ters, glucometers, and blood pressure monitors.

In contrast, ambulances, designed for patient trans-
port and their health support, meet broader equipment
requirements [22]. Their standard inventory includes:
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manual defibrillators with ECG monitoring, transport
ventilators, intubation and mechanical ventilation Kkits,
infusion pumps, medical suction devices, emergency
medications, stretchers, spine boards, and patient evac-
uation systems [22]. Contrary to motorcycles, ambulanc-
es enable advanced resuscitation and therapeutic pro-
cedures, ensuring continuity of care during transport.

The equipment of a rescue motorcycle, although
limited compared to a standard ambulance, enables
effective emergency care in a range of life-threatening
conditions. The use of a pulse oximeter, glucometer, and
blood pressure monitor allows for fast assessment and
monitoring of vital parameters in patients suspected of
hypoglycemia, hypertensive crisis, or perfusion disor-
ders. The motorcycle paramedic can stabilize the patient
before the arrival of a transport team, initiating life-sav-
ing treatment in accordance with current prehospital
medicine guidelines.

It is worth emphasizing that a rescue motorcycle
does not replace a traditional ambulance but rather
complements it. Its primary role is to initiate life-saving
procedures, assess the situation at the scene, and relay
information to the medical dispatch center, which can
streamline further logistical actions. In practice, it is of-
ten the case that the motorcycle arrives first, stabilizes
the patient, and then hands over care to the arriving
ambulance, which conducts further diagnostics and
transports the patient to the hospital. Since 2025, a clear
decision-making algorithm has been established, guid-
ing dispatchers on when to prioritize the deployment of
a motorcycle in a given situation, ensuring that the right
resource is allocated to the emergency at hand.

The AED is one of the most important medical devices
that can be safely and effectively transported by a para-
medic on a motorcycle. Research conducted in Thailand
in 2022 indicates that a motorcycle equipped with an AED
has a significantly shorter dispatch time (0.44 min) and
call-to-arrival time (7.20 min) compared to traditional am-
bulances (1.42 min and 9.25 min, respectively) [2]. Faster
arrival at the scene allows for earlier initiation of defibril-
lation and cardiopulmonary resuscitation (CPR), directly
increasing patients’ chances of survival. In addition to the
AED, an oxygen therapy kit, airway management equip-
ment, and basic anti-shock supplies enable rapid and ap-
propriate intervention in cases of sudden cardiac arrest.

The medications available in a rescue motorcycle’s
medical bag allow for swift intervention in life-threaten-
ing emergencies [23, 24]. For example, in anaphylactic
shock, the immediate intramuscular administration of
adrenaline, if administered within the first minutes, can
save a patient’s life [25]. In cases of epileptic seizures, the
prompt use of anticonvulsants is essential to terminate
the seizure and reduce the risk of neurological damage
[26]. In opioid overdoses, the availability of naloxone is
decisive - its early administration significantly improves
prognosis [27]. Due to high mobility and shorter re-
sponse times compared to ambulances, rescue motorcy-
cles become an extremely effective tool for rapid phar-

macological intervention, often determining patient
survival and minimizing complications.

Time is a crucial factor in traffic accidents and other
traumatic injuries [28]. In such cases, a rescue motorcy-
cle allows forimmediate action to prevent further deteri-
oration of the victim’s condition. With specialized equip-
ment such as oxygen therapy kits, hemostatic dressings,
and cervical collars, paramedics can effectively control
vital functions, stabilize the patient, and reduce the risk
of shock [28]. Rapid cervical spine stabilization using an
orthopedic collar and hemorrhage control with hemo-
static dressings prepare the patient for further transport
to a medical facility, which can be decisive in life-threat-
ening trauma cases.

It is worth to emphasizinge that a rescue motorcy-
cle does not replace a traditional ambulance but rather
complements it. Its primary role is to initiate life-saving
procedures, assess the situation at the scene, and relay
information to the medical dispatch center, which can
streamline further logistical actions. In practice, it is of-
ten the case that the motorcycle arrives first, stabilizes
the patient, and then hands over care to the arriving am-
bulance, which conducts further diagnostics and trans-
ports the patient to the hospital.

Patient transport capability

Traditional ambulances provide simultaneous medi-
cal care and safe hospital transport, which is a significant
operational advantage. Emergency motorcycles lack this
capability, serving only as rapid intervention tools. Thus,
each motorcycle deployment requires parallel ambu-
lance dispatch.

Research is underway to develop patient-transport
motorcycles. One prototype by Yilmaz et al. [29] features
a retractable seat module that can be lowered for pa-
tient loading, then raised and securely fastened behind
the rider. Stability tests confirm functionality at accelera-
tions up to 2.7 m/s>. While still experimental, such inno-
vations may enable motorcycle ambulances in hard-to-
reach areas in the future.

Legal adaptations and further development could
eventually allow motorcycle ambulances for faster pa-
tient transport in challenging environments. However,
one possible limitation is the reluctance or fear of some
patients — particularly elderly individuals - to be trans-
ported on a motorcycle, due to perceived discomfort,
lack of perceived safety, or anxiety related to open-air
transport. Therefore, even with technical feasibility, so-
cial acceptance may remain a significant barrier.

Operational costs and personnel resources

A key advantage of emergency motorcycles is their
lower operational cost compared to traditional ambu-
lances [23]. The expenses associated with EMS teams
increased from PLN 1.146 billion in 2007 to PLN 3.151
billion in 2022, with funding since 2023 being directly
allocated from the state budget to the National Health
Fund (NFZ) [30]. According to the NFZ's final financial
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plan for 2024, PLN 4.335 billion was allocated for “EMS
team operational costs” [31]. These expenditures stem
from equipment maintenance, personnel salaries, and
the growing number of patients. The number of individ-
uals receiving on-site medical assistance rose by 13.1%
compared to 2023 [32].

Both the purchase and maintenance of ambulances
represent a significant portion of NFZ expenditures.
According to the Central Statistical Office (GUS), Po-
land currently operates 1,664 basic EMS teams and 284
specialized units [32]. A single Type B ambulance costs
between PLN 500,000 and 700,000, while neonatal
transport vehicles can exceed PLN 1 million [33, 34]. In
contrast, an emergency motorcycle costs approximate-
ly PLN 30,000, with annual maintenance expenses of
around PLN 27,000 [23].

The acquisition and upkeep of motorcycles require
substantially lower financial investment, making them
an attractive option not only for smaller municipalities
but also for larger cities, where they can be deployed for
non-critical cases that do not require a full ambulance.
Their utilization can lower fuel consumption, reduce
servicing costs, and the absence of a three-person crew
requirement make their operation more cost-effective.

LEGAL FRAMEWORK FOR EMERGENCY MOTORCYCLES
IN POLAND

Emergency motorcycles have previously been used
in select Polish cities, but their deployment relied solely
on internal organizational protocols of individual health-
care providers, lacking clear legal regulation [35].

Until recently, the primary legal act governing the
Polish EMS system was the State Emergency Medical
Services Act of September 8, 2006 [5]. This legislation did
not explicitly specify the types of vehicles permitted in
rescue operations, leaving room for interpretation. Gen-
erally, it was accepted that healthcare providers author-
ized to deliver EMS could utilize both traditional ambu-
lances and auxiliary vehicles, provided they met safety
and equipment standards.

On April 24, 2025, an amendment to the “State Emer-
gency Medical Services Act” came into force, formally
recognizing emergency motorcycles as part of the EMS
system [36]. These changes codify existing operational
practices. The amendment stipulates that EMS teams
may use motorcycles seasonally (from May 1 to Septem-
ber 30) for a maximum of 12 hours per day. Additionally,
they must be included in regional EMS action plans as
supplementary prehospital intervention tools, with no
more than one motorcycle per 400,000 inhabitants in a
given voivodeship. This regulation represents a signifi-
cant step toward enhancing the flexibility and efficiency
of prehospital medical interventions.
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ABSTRACT

In the face of the growing number of crisis situations, such as natural disasters, mass casualties or pandemics, emergency medical services require increas-
ingly effective tools enabling quick and precise response. Drones support rescue operations by quickly transporting medicines, defibrillators and blood to
hard-to-reach places and enable real-time monitoring of the situation. Artificial intelligence allows for the analysis of the patient’s medical data, supports
clinical decision-making and optimises transport logistics and resource allocation. Telemedicine enables remote specialist consultations, sending test results
and monitoring the patient’s condition before reaching the medical facility. Integration of these three technologies significantly increases the effectiveness of
rescue operations, shortens the response time and improves the quality of the assistance provided. The limitations and challenges related to the implementa-
tion of these solutions were also discussed, such as technical problems, lack of system standardisation, requlatory issues and ethical and legal risks, especially
in the context of Al. Despite these barriers, the combination of drones, artificial intelligence and telemedicine represents a significant step towards modern,

automated and better coordinated rescue operations, contributing to reducing mortality and increasing the resilience of health systems.
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INTRODUCTION

Emergency medical services play a key role in re-
sponding quickly to emergencies, natural disasters or
other situations in which human life is at risk [1-4]. In
the face of the growing number of incidents requir-
ing immediate intervention, paramedics face many
challenges, including quickly reaching the injured, ef-
fective remote diagnosis and effective resource man-
agement in crisis conditions [5, 6]. The development of
modern technologies opens up new opportunities for
emergency medical services, which can significantly
improve the effectiveness and pace of providing as-
sistance [1-3, 6]. The use of modern technologies can
significantly shorten the time it takes to reach the in-
jured, improve the accuracy of diagnosis and increase
the effectiveness of the actions taken [1-5, 7-9]. Medi-
cal drones deliver defibrillators, medicines or blood to
hard-to-reach places [1-3, 6, 10, 11] and thanks to arti-
ficial intelligence, paramedics can analyze patient data
faster, make better decisions, and make better use of
available resources, which significantly improves pa-

tient prognosis [6, 8, 12-15]. Telemedicine, in turn, ena-
bles doctors to consult with rescue teams in real time,
which can be crucial for patients requiring immediate
medical intervention. This will allow for faster imple-
mentation of therapy, and thus increase the patient'’s
chances of survival [5, 6, 8, 9, 16-18].

AIM

The aim of this article is to analyze, evaluate and ap-
ply technological innovations in emergency medical
services, with particular emphasis on drones, artificial
intelligence (Al) and telemedicine in crisis situations.
The current state of knowledge on the use of these
technologies in emergency medicine will be presented,
their potential benefits and challenges related to their
implementation in the daily activities of paramedics
will be discussed.

MATERIALS AND METHODS
To achieve the aim of this review article, the analy-
sis of the literature will focus on studies on the role of
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technological innovations, such as drones, artificial in-
telligence (Al) and telemedicine, in emergency medical
services, with particular emphasis on their use in crisis
situations. A review of available scientific publications
will be conducted, including clinical trials, systematic
reviews and meta-analyses, with particular emphasis
on the impact of these innovations on the effective-
ness and speed of rescue operations. The analysis will
cover issues related to the use of drones for transport-
ing medical equipment and monitoring the situation,
the use of Al in diagnostics and medical decision sup-
port, and the role of telemedicine in remote support
of rescue teams. The search for appropriate sources will
be carried out using databases such as PubMed, Sco-
pus, Web of Science and Google Scholar, which will al-
low for the identification of the latest and most signifi-
cant publications on this topic. The next stage will be a
detailed analysis of the collected materials, which will
allow for the assessment of the strengths and weak-
nesses of previous studies and the identification of key
challenges and future directions of technology devel-
opment in emergency medical services.

REVIEW AND DISCUSSION
APPLICATION OF DRONES IN EMERGENCY MEDICAL
SERVICES

Drones are unmanned aerial vehicles (UAVs) that
are playing an increasingly important role in emergen-
cy medical services, offering quick and effective sup-
port in situations requiring immediate response from
emergency services [1-3, 6, 10, 11]. Their importance
has increased especially during and after the COVID-19
pandemic [1, 3, 4, 11]. Thanks to their mobility and
ability to overcome difficult terrain, they can deliver
medical equipment, medicines, defibrillators or blood
for transfusion to hard-to-reach places, shortening the
waiting time for help [1-3, 6, 10, 11]. In addition, drones
equipped with cameras and sensors allow for imme-
diate recognition of the situation at the scene, trans-
mitting real-time data to command centers or rescue
teams [1, 2, 6, 10]. The use of drones increases the ef-
ficiency of rescue operations, improves coordination of
activities and minimizes the risk to rescuers, allowing
them to make better-informed decisions. The dynamic
development of this technology creates new opportu-
nities in emergency medical services, contributing to
saving lives and improving the quality of assistance
provided [1-3, 6,10, 11].

TYPES AND FUNCTIONS OF DRONES USED
IN EMERGENCY MEDICINE

Drones used in emergency medicine can be divided
into several categories depending on their function and
application. Transport drones are used to quickly deliver
medicines, defibrillators, blood or organs for transplan-
tation, shortening the response time in crisis situations
[1,3, 11]. Surveillance drones: used to track health trends
in populations, especially during epidemics or crisis situ-

ations [4, 11]. There are also rescue drones that can de-
liver first aid supplies, and those equipped with thermal
imaging cameras and sensors can support the evacua-
tion of the injured and the search for people from dis-
aster areas [1, 6, 10]. Thanks to advanced technologies,
drones play a key role in increasing the effectiveness of
rescue operations and improving the chances of survival
of patients [1-3,6, 10, 11].

TECHNOLOGICAL AND REGULATORY LIMITATIONS
AND CHALLENGES RELATED TO THE USE OF DRONES
IN EMERGENCY MEDICAL SERVICES

The use of drones in emergency medical services
has many benefits, but it is also associated with numer-
ous technological and regulatory limitations and chal-
lenges. Key technological problems include limited
flight time and range resulting from battery capacity,
resistance to difficult weather conditions, and the reli-
ability of autonomous navigation systems in a complex
environment [1, 2, 11]. Another significant challenge is
the integration of drones with the existing rescue sys-
tem and airspace, which requires advanced unmanned
aircraft traffic management systems (UTM) [1, 2]. In
turn, regulatory barriers include restrictive regulations
on flights beyond the operator’s line of sight (BVLOS),
restrictions on flights over residential areas, and the
need to obtain appropriate certificates and permits [1-
3, 11]. Adapting regulations to the dynamic develop-
ment of technology and ensuring a high level of safety
is a key challenge for the widespread implementation
of drones in emergency medical services [1-3, 6]. The
costs of implementing and maintaining drones and the
need to employ or train appropriate operators may also
be a significant limitation [6].

ARTIFICIAL INTELLIGENCE (Al) IN EMERGENCY MEDI-
CAL SERVICES

Artificial Intelligence (Al) in emergency medical
services opens up new perspectives for improving the
effectiveness of interventions and optimizing medical
processes. One of the key areas of Al application is real-
time data analysis, which allows for the immediate in-
terpretation of test results and monitoring of patients’
vital parameters [8, 12-15, 19-21]. Machine learning
algorithms can identify subtle changes in health, sign-
aling potential threats such as cardiac arrest or stroke,
even before the patient’s condition deteriorates rapidly
[7, 14, 19]. Thanks to this, paramedics receive valuable
support in making decisions, which shortens the re-
sponse time and increases the chances of effective in-
tervention [7, 13].

Al also plays an important role in optimizing the
logistics of rescue operations. Medical transport man-
agement systems using algorithms allow for determin-
ing the fastest routes to patients, taking into account
current road conditions and estimated arrival times [7,
8]. In addition, solutions based on artificial intelligence
support call prioritization systems by analyzing calls to
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the emergency number and information from callers to
properly assess the seriousness of the situation and di-
rect the right resources to where they are most needed
[7, 8]. Another groundbreaking application of Al is the
use of tools for remote medical consultations in real
time. Paramedics, equipped with portable devices that
enable image and sound transmission, can consult with
medical specialists while providing assistance [6, 8]. Al
algorithms analyze images from cameras or data from
portable diagnostic devices, providing initial diagnoses
and recommendations. In combination with telemedi-
cine, such solutions not only speed up the diagnostic
process, but also allow for better preparation of hospi-
tals for the admission of patients, which increases the
efficiency of the entire rescue system [6, 8, 20].

RISKS AND ETHICAL ASPECTS OF USING Al

The use of artificial intelligence in emergency medi-
cal services brings not only numerous benefits, but
also serious risks and ethical challenges. One of the
key problems is the risk of erroneous decisions made
by algorithms, which may result from imperfections in
Al models or incomplete input data [7, 15]. In critical
situations, relying on Al systems without proper human
verification may lead to delays in providing assistance
or incorrect assessment of the patient’s condition [7].
In addition, there are concerns about liability for pos-
sible errors, e.g. it remains unclear who is responsible in
the event that an Al decision leads to negative conse-
quences: whether it will be software developers, users
or medical institutions [15, 22]. Another important as-
pect is the protection of patient privacy and the secu-
rity of medical data, which are necessary for training Al
models. This requires the implementation of rigorous
procedures for storing and processing information in
order to minimize the risk of data leakage [12,20,21]. In
addition, automation of emergency processes can lead
to the dehumanization of medical care, weakening the
patient-rescuer relationship and reducing the role of
empathy and human intuition, which are crucial in cri-
sis situations [7]. The introduction of Al in emergency
medical services therefore requires not only precise le-
gal regulations, but also constant ethical supervision to
ensure that this technology supports people and does
not replace them, and that its implementation primar-
ily serves the good of patients [12, 20, 21].

TELEMEDICINE IN CRISIS SITUATIONS

Telemedicine is playing an increasingly important
role in emergency medical services, especially in crisis
situations, where quick access to specialist knowledge
can decide about the patient’s life [9, 14, 16]. It played
a significant role during the COVID-19 pandemic, when
contact with the patient, thanks to it, could take place
remotely [9, 23, 24]. Using advanced communication
technologies, rescue teams can consult with medical
specialists in real time, send medical data such as test
results, diagnostic images or vital signs, and receive

instructions on further action [5, 9, 14, 16-18]. Further-
more, the integration of telemedicine systems with
portable devices and mobile applications allows for on-
going monitoring of the patient’s condition already at
the pre-hospital stage, which shortens the time needed
to make a diagnosis and start treatment [5,9, 14, 16, 18].
In crisis situations, telemedicine not only increases the
effectiveness of rescue operations, but also improves
coordination between medical teams and facilitates
decision-making, which significantly affects the quality
of the assistance provided and the chances of survival
of patients [9, 16, 18].

TECHNICAL AND LOGISTICAL CHALLENGES
OF TELEMEDICINE IN CRISIS SITUATIONS

Despite its undeniable benefits, implementing tel-
emedicine in crisis situations is associated with many
challenges. One of the key issues is ensuring a stable
and reliable internet connection, which is necessary
for transmitting data in real time. In places with limited
telecommunications infrastructure, such as rural areas,
mountainous areas, areas affected by natural disasters
or areas of armed conflict, maintaining continuous
communication can be difficult [8, 9, 17, 18]. Another
challenge is the interoperability of systems, as different
medical facilities often use different platforms and pro-
tocols, which hinders the efficient flow of information
[9, 25]. Another important aspect is the protection of
patient data and ensuring an appropriate level of cy-
bersecurity to prevent unauthorized access to sensitive
medical information [9, 17, 24]. In addition, effective
telemedicine requires appropriate training of medical
personnel, both in the use of equipment and the inter-
pretation of data transmitted remotely, which can be
an organizational and financial challenge [16]. Like all
new technologies, telemedicine also requires financial
outlays, especially at the beginning of its implemen-
tation [9, 16, 24]. The development of telemedicine
in emergency medical services therefore requires not
only investment in modern technologies, but also the
creation of consistent standards and procedures that
will guarantee its effectiveness and safety in all condi-
tions [9, 16, 18].

SYNERGY OF DRONES, Al AND TELEMEDICINE
IN RESCUE OPERATIONS

The synergy of drones, artificial intelligence (Al) and
telemedicine opens up new possibilities in rescue opera-
tions, significantly increasing the efficiency and speed
of providing assistance in crisis situations [6, 11, 14, 26].
Drones equipped with cameras, sensors and Al systems
can quickly reach hard-to-reach places, delivering medi-
cal equipment, defibrillators or medicines even before
the arrival of rescue teams [1-3, 6, 10, 11, 26]. Al analyzes
data collected by drones, which include: images from
the scene, environmental parameters or the condition
of the injured, and automatically identifies priorities for
action and potential threats [6, 26]. In combination with
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telemedicine, on-site rescuers can receive remote sup-
port from specialists who, based on live images, medi-
cal data and video conferences, can make key diagnostic
and therapeutic decisions [6, 11, 14]. Such solutions not
only shorten the response time, but also improve the
coordination of actions, enabling more precise resource
management and more effective life saving, especially
in situations of mass events or natural disasters [6, 11,
14, 26]. The integration of these three technologies is a
milestone in the development of modern medical res-
cue, paving the way for more automated, precise, faster
and coordinated actions [6, 14, 26].

POTENTIAL BENEFITS FOR HEALTHCARE SYSTEMS
AND SOCIETY

The integration of drones, artificial intelligence and
telemedicine in rescue operations has enormous po-
tential benefits for both healthcare systems and society
[6, 26]. First of all, improving the process of providing
assistance in crisis situations translates into reduced
mortality and reduced health complications thanks to
faster arrival of the necessary medical support [6, 11,
26]. Automation of many processes, such as triage or
analysis of medical data, relieves the emergency and
medical personnel, allowing them to focus on direct
patient care [7, 14, 21, 26]. In addition, the use of mod-
ern technologies improves the allocation of resources,
optimizing the time and costs of rescue operations,
which is particularly important for overloaded health-
care systems [6, 7]. At the social level, greater availabil-
ity of remote medical assistance increases the sense of
security, especially in regions far from medical facilities
or exposed to natural disasters [6, 11]. In the long term,
the development of these technologies may contribute
to building a more resilient and flexible healthcare sys-
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ABSTRACT

Diving-related medical emergencies can lead to life-threatening complications if not promptly diagnosed and treated. This narrative review explores the most
common conditions, including decompression sickness, pneumothorax, immersion pulmonary edema, arterial and venous gas embolisms, and subcutaneous
emphysema. The variability in clinical presentations and the urgency of intervention highlight the limitations of traditional diagnostic methods, particularly in
out of hospital settings. Increasing attention has been drawn to the use of ultrasonographic techniques, especially point-of-care ultrasound, as a reliable and
efficient tool for initial evaluation. Its portability, real-time imaging capability, and minimal infrastructure requirements make it especially suitable for diving
incidents occurring far from advanced medical facilities. However, inconsistencies in diagnostic protocols and the lack of epidemiological data, particularly in
countries like Poland, continue to challenge effective triage and treatment. This review advocates for greater integration of ultrasonography in diving medicine,
improved training for healthcare personnel in coastal regions, and further research to standardize diagnostic approaches and enhance diver safety worldwide.
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diving, barotrauma, ultrasonography, POCUS, decompression sickness

INTRODUCTION

The most common injuries associated with diving
include barotrauma, decompression sickness, and panic
attacks. Among these, decompression sickness (DCl)
is the most frequently reported condition, although it
is not common in the general sense. It affects approxi-
mately 16 out of every 100,000 divers annually [1]. Until
recently, it was commonly believed that the majority of
diving-related incidents and health complications were
associated with commercial diving. However, accord-
ing to the most recent report, out of 189 documented
diving fatalities, 100 were attributed to recreational
diving [2]. Such fatal outcomes are frequently linked to
drowning or cardiac events during diving activities [3].
These data provide a global perspective, but the epide-
miology of diving accidents in Poland remains a poorly
documented area. The most recent available study cov-
ers the years 2003-2014 and is based on an analysis of
99 serious incidents involving 113 divers. These data do
not originate from official records but from an internet
forum, highlighting the lack of systematic, government
monitoring of such incidents [4]. A decade later, there is
still no national database of diving accidents in Poland,
which makes it impossible to reliably assess the scale of
the problem, compare it with international data, or eval-
uate the effectiveness of emergency response measures.

The analysis of Divers Alert Network (DAN) reports
revealed that the average response time of emergency
systems was 1-3 hours in the USA and Europe, while in

tropical and remote areas, access to assistance exceeded
6 hours in 30% of cases [5]. This highlights the impor-
tance of timely diagnosis, which should ideally occur at
the scene of the incident or during transport. In such sit-
uations, portable devices prove to be the most effective
tools for rapid assessment and decision-making. Given
the proximity of diving centers to medical facilities, there
is a pressing need to train hospital personnel in these ar-
eas to manage diving-related emergencies effectively.
Despite the high incidence of symptoms following
diving accidents, the evaluation and management of
these cases remain inconsistent. The sudden onset, vari-
ability in clinical presentation, and potential for severe
complications make diagnosis and treatment challeng-
ing based solely on physical examination. Among the
diagnostic tools available, ultrasonography emerges as
a particularly beneficial choice. It offers portability, non-
invasiveness, and real-time imaging capabilities, making
it well-suited for diving emergencies. Unlike radiological
imaging, ultrasonography requires minimal infrastruc-
ture and enables on-site diagnosis, thus avoiding the
risks associated with transferring critically ill patients.
There are reports of successful use of ultrasound under-
water at a depth of 42 meters for lung ultrasound, dem-
onstrating the portability and feasibility of the device for
applications in commercial diving [6]. Moreover, it is an
affordable and accessible solution that requires minimal
training time for medical personnel to use effectively.
There is data showing that even a single-day course at
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a simulation center can lead to proficient use of ultra-
sound with valuable diagnostic outcomes without com-
promising patient care [7]. Such innovations highlight
the potential for expanding the role of ultrasonography
in diving-related accidents. However, the lack of consen-
sus on an ideal diagnostic approach further complicates
triage and delays interventions, which are critical for pre-
venting severe outcomes.

AIM

This narrative review aims to assess the most com-
mon diving emergencies and evaluate the effectiveness
and sensitivity of various diagnostic methods, with a fo-
cus on ultrasonographic techniques.

MATERIAL AND METHODS

This narrative review was conducted to summarize
and synthesize the current state of knowledge on the
topic of point-of-care ultrasound for diving emergen-
cies. We performed a comprehensive and non-systemat-
ic search of relevant literature using major electronic da-
tabases, including PubMed, Scopus, and Google Scholar.
The selection of sources was guided by the relevance of
the publications to the subject matter, as assessed by
the authors.

The literature search was conducted between Sep-
tember and December 2024, and included articles pub-
lished in English. Both original research articles and re-
view papers were considered. Given the narrative nature
of this review, no formal quality assessment tool was ap-
plied. Instead, the included publications were critically
appraised for their contribution to the field and integrat-
ed into the review through thematic synthesis.

REVIEW AND DISCUSSION
PNEUMOTHORAX

Pneumothorax in divers is a condition caused by
changes in pressure during diving. As a diver ascends,
the surrounding pressure decreases, leading to the ex-
pansion of gases within the lungs. If the diver holds their
breath or has an airway obstruction, the trapped air can-
not escape, causing hyperinflation of the lung tissue.
This can lead to alveolar rupture and the leakage of air
into the pleural space, resulting in pneumothorax. Com-
mon symptoms include sudden chest pain, dyspnea,
cyanosis, and pain migrating to the shoulder [8].

Various diagnostic methods are available for detect-
ing pneumothorax, each with its own advantages and
limitations. Chest X-ray has historically been the stand-
ard imaging technique, but its sensitivity is relatively
low, especially for small pneumothoraces. In the study
by Rowan et al., ultrasound detected 100% of pneumo-
thorax cases, whereas chest X-ray had a sensitivity of
only 36%. Additionally, ultrasound allows for diagnosis
in an average of 2.3 minutes, while performing and ana-
lyzing an X-ray takes approximately 20 minutes [9]. Com-
puted tomography (CT) is the gold standard for diag-
nosing pneumothorax, offering nearly 100% sensitivity;

however, its use in emergency or field settings is often
impractical due to logistical constraints, radiation expo-
sure, and the time required for image acquisition [10].
Echocardiography (ECHO) can provide supplementary
information, particularly in detecting cardiac displace-
ment and assessing right ventricular function, which
may be affected by tension pneumothorax [11].

Point-of-care ultrasound (POCUS), particularly lung ul-
trasound (LUS), has emerged as the preferred modality for
rapid and accurate pneumothorax diagnosis, especially in
resource-limited or emergency settings. Studies indicate
that LUS has a sensitivity of up to 98.1% and a specificity
of 99.2%, surpassing the diagnostic performance of chest
X-ray. Several ultrasound findings, such as the absence of
lung sliding, the barcode sign on M-mode, and the lung
point sign, are crucial for diagnosing pneumothorax [9].
Additionally, a novel ultrasonographic technique known
as the“reverse curtain sign,”described by Hwang et al., en-
hances the diagnostic accuracy of LUS. Unlike the normal
caudal-to-rostral movement of the air curtain, this phe-
nomenon exhibits an abnormal rostral-to-caudal shift,
which is exclusively observed in the presence of pneumo-
thorax, further improving sensitivity and specificity [12].

Given its rapid bedside application, high diagnostic
accuracy, and ability to be performed in diverse envi-
ronments, LUS stands out as the most effective tool for
pneumothorax detection in divers.

IMMERSION PULMONARY OEDEMA

Immersion Pulmonary Edema (IPE) is a condition
characterized by the accumulation of fluid in the alveoli,
leading to impaired gas exchange and respiratory dis-
tress. The underlying pathophysiology of IPE is driven by
hydrostatic pressure, which causes a shift of blood from
the periphery to the thoracic cavity and lungs. This effect
is exacerbated in cold water, where peripheral vasocon-
striction further increases pulmonary capillary pressure.
If the capillaries exceed their capacity to retain fluid,
plasma leaks into the alveoli, resulting in pulmonary
edema. Risk factors include hypertension, fluid retention
tendencies, and fatigue during diving. Symptoms, such
as dyspnea, frothy sputum, and hypoxemia, typically oc-
cur during or shortly after a dive [13].

The rapid and accurate diagnosis of IPE is crucial in
preventing severe complications. Various imaging tech-
niques have been evaluated for their effectiveness in di-
agnosing pulmonary edema in divers. LUS and POCUS
are emerging as preferred methods due to their speed,
portability, and ability to detect pulmonary B-lines, a
hallmark of interstitial edema [14]. LUS is particularly
valuable in emergency settings as it allows for immedi-
ate diagnosis without the need for advanced imaging
infrastructure. Studies indicate that LUS has a higher
sensitivity in detecting pulmonary edema than Doppler
ultrasound, which is not effective in visualizing pulmo-
nary artifacts such as B-lines [14, 15].

ECHO, while offering a more detailed assessment of
cardiac function and potential underlying causes of IPE
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(e.g., patent foramen ovale or cardiac dysfunction), is
less practical in emergency settings as it requires a dif-
ferent ultrasound probe that is not usually part of the
standard equipment of an emergency medicine team,
making it less accessible for field diagnosis. However, it is
recommended for divers with recurrent IPE or suspected
cardiac abnormalities [16].

Chest X-ray and CT scans remain useful in severe
or uncertain cases, particularly when other conditions
need to be ruled out. However, their limitations include
radiation exposure, the need for hospital-based imag-
ing, and lower sensitivity compared to LUS in early-stage
pulmonary edema detection [17].

In conclusion, recent guidelines from the South Pa-
cific Underwater Medicine Society and the UK Diving
Medical Committee (2024) emphasize LUS as the pre-
ferred diagnostic method for IPE due to its accuracy in
detecting pulmonary B-lines and its practicality in field
conditions [18]. ECHO is recommended for divers at risk
of recurrent IPE, while chest X-ray and CT scans are re-
served for severe or ambiguous cases. Overall, LUS and
POCUS offer the most effective and accessible diagnos-
tic solutions for pulmonary edema in divers.

GAS EMBOLISMS

A gas embolism after diving results from the forma-
tion and entry of gas bubbles into the circulation. It can
occur in two forms:

ARTERIAL GAS EMBOLISM

Arterial gas embolism (AGE) is a potentially life-
threatening condition that occurs primarily due to pul-
monary barotrauma, often as a result of rapid ascent
without adequate exhalation during diving. According
to Boyle’s law, as ambient pressure decreases upon as-
cent, the volume of gas within the lungs expands. If this
expansion exceeds the elastic limits of the lung tissue,
alveolar rupture can occur, leading to the entry of gas
bubbles into the pulmonary vasculature. Given the ex-
tensive vascularization of the lungs, these bubbles can
rapidly reach the pulmonary veins and enter systemic
circulation, particularly in individuals with a patent fora-
men ovale (PFO). Once in the arterial system, gas emboli
can obstruct cerebral, coronary, or peripheral arteries,
leading to ischemic events such as stroke [19], myocar-
dial infarction [20], or kidney failure [21]. Due to the se-
verity and rapid progression of AGE, timely and accurate
diagnosis is critical for appropriate management [22].

Recent studies suggest that arterialization of venous
gas emboli can occur after scuba diving even in individu-
als without a PFO, challenging the traditional assump-
tion that PFO is the primary conduit for paradoxical
embolization. Ljubkovi¢ et al. (2012) demonstrated that
gas bubbles can bypass the pulmonary filtration system
through transpulmonary passage, leading to their entry
into the arterial circulation [23]. This phenomenon is par-
ticularly observed in divers with a high post-dive bubble
load and may be influenced by individual variations in

pulmonary microcirculation and capillary permeability.
The presence of arterialized bubbles, particularly in the
left ventricle, poses a significant risk for ischemic com-
plications, including neurological and cardiovascular
events [19].

Various imaging and diagnostic techniques have
been developed to detect AGE, each with distinct ad-
vantages and limitations. POCUS is increasingly used in
emergency and critical care settings for real-time detec-
tion of intravascular gas bubbles. In a study by Aquino-
Jose et. al.,, POCUS was found to be more sensitive than
CT in detecting small amounts of intravascular gas, al-
lowing for earlier diagnosis of AGE and timely medical
intervention. The sensitivity of a normal CT is limited for
directly detecting small air bubbles. Nevertheless angi-
oCT may better assess the vasculature and identify po-
tential gas embolism causes, such as vascular injury or
iatrogenic sources[24, 25].

Another commonly utilized technique is transcranial
Doppler (TCD) ultrasound, which has demonstrated ef-
fectiveness in detecting cerebral AGE by identifying mi-
crobubbles in cerebral arteries. TCD allows for real-time
monitoring of embolic events and can be particularly
useful in post-dive evaluations. Nonetheless, it does not
provide direct visualization of emboli and may be limited
in localizing specific sites of vascular obstruction [26].

In conclusion, the accurate diagnosis of AGE in divers
requires a combination of imaging modalities tailored to
the clinical presentation. While POCUS and Doppler ul-
trasound provide real-time detection of emboli at site,
CT remains a good complementary hospital tool for
identifying arterial gas embolism, particularly in cases
involving neurological or cardiovascular complications.
The integration of these techniques allows for improved
diagnostic accuracy and facilitates timely intervention,
ultimately reducing the risk of long-term complications
associated with AGE.

VENOUS GAS EMBOLISM

Venous gas (VGE) formation following a dive is a
well-documented phenomenon, primarily driven by the
principles of gas solubility under pressure. According to
Henry’s law, increased ambient pressure during a dive
causes nitrogen to dissolve in body tissues. The longer
and deeper the dive, the greater the accumulation of
nitrogen. Upon ascent, decreasing pressure forces nitro-
gen to be eliminated through the bloodstream. Howev-
er, if the ascent is too rapid, nitrogen may come out of so-
lution in the form of bubbles before it can be effectively
exhaled through the lungs. In most cases, these bubbles
are filtered by the pulmonary capillaries, but excessive
bubble formation can overwhelm this filtration mecha-
nism, potentially leading to pulmonary embolism, hy-
poxemia, and respiratory symptoms [22]. The presence
of VGE is indicative of decompression stress, yet not all
divers with detectable bubbles develop decompression
sickness. Individual susceptibility to decompression sick-
ness is influenced by factors such as hydration status, the
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presence of a PFO, microcirculatory efficiency, and the
body’s ability to eliminate inert gas [27]. Various studies
compare different imaging techniques, including Dop-
pler ultrasound, 2D echocardiography, and emerging
portable ultrasound devices, to evaluate their effective-
ness in detecting VGE and assessing decompression
stress.

In 2015, an official analysis comparing Doppler ultra-
sound and 2D echocardiography for bubble detection
was published, evaluating different detection methods,
measurement locations, and bubble assessment scales
[28]. The study examined Doppler ultrasound, which
quantifies bubbles through sound analysis using the
Spencer and Kisman-Masurel (KM) scales, alongside
2D echocardiography, which visually assesses bubbles
in the heart using the Eftedal-Brubakk (EB) scale. The
findings suggested that both methods should be used
whenever possible to provide a more comprehensive
evaluation. The study also investigated the optimal
measurement location, comparing the precordium (near
the heart) with the subclavian vein. The precordium was
identified as the most effective site for monitoring bub-
blesin large veins, whereas the subclavian vein provided
additional information but was less sensitive to detect-
ing small bubbles, as it does not account for VGE origi-
nating from the lower body circulation. Additionally,
doppler ultrasound operates at a frequency of 2 MHz,
while 2D echocardiography utilizes frequencies ranging
from 5 to 1 MHz, which affects its ability to detect smaller
bubbles [29]. The analysis also highlighted that varying
body positions across different studies complicate direct
result comparisons. Furthermore, 2D echocardiography,
employing the EB scale, offers a more detailed assess-
ment by visualizing VGE in the right heart chambers.
Since bubbles from venous circulation accumulate in
the right atrium and ventricle before being filtered by
the lungs, cardiac imaging provides a more sensitive ap-
proach to VGE detection. The study found that 2D echo-
cardiography was superior in identifying VGE compared
to Doppler-based techniques, suggesting that reliance
on Doppler alone may underestimate decompression
stress [29]. However, automated Doppler detection sys-
tems for gas bubbles in the subclavian vein have been
developed, significantly improving the accuracy of Dop-
pler-based VGE detection and potentially replacing tra-
ditional manual assessment methods [30].

In 2001 Efdal and Brubakk suggested using a contrast-
enhanced ultrasound (CEUS), which employs microbub-
ble contrast agents to enhance visualization of small gas
emboli. This technique demonstrated the highest sensi-
tivity in detecting VGE, outperforming both 2D echocar-
diography and Doppler ultrasound. While CEUS provides
detailed information on bubble size and distribution, it
has never become widely adopted due to technical limi-
tations, specifically the need for contrast agents, making it
less practical for routine field assessments [31].

In conclusion, accurate VGE detection is crucial for as-
sessing decompression stress and DCS risk, with differ-

ent imaging modalities offering varying sensitivity and
practicality. Emerging portable devices, such as POCUS
and Doppler, show potential but have limitations in im-
age quality and sensitivity. Future research should focus
on refining portable imaging and automated detection
to enhance accuracy and accessibility in decompression
monitoring.

SUBCUTANEOUS EMPHYSEMA

Subcutaneous emphysema (SE) is characterized by
the presence of air within the subcutaneous tissue and
soft tissues, either formed de novo or originating from
other anatomical compartments. [t most commonly aris-
es as a complication of pulmonary barotrauma, which
occurs in approximately 1-5 cases per 10 000 dives.
Among the complications of pulmonary barotrauma,
subcutaneous emphysema is the rarest, occurring less
frequently than pneumothorax or pneumomediastinum
[32].

During a rapid ascent while diving, the pressure in-
side the alveoli can rise too quickly, causing them to rup-
ture. This allows air to escape into the interstitial space.
From there, the air can move toward the center of the
chest into the pulmonary hilum and enter the mediasti-
num, leading to pneumomediastinum. Air in the me-
diastinum can then travel along blood vessels and the
trachea, eventually reaching the neck and causing sub-
cutaneous emphysemal[33, 34].

The most common clinical manifestation is swelling
localized around the chest, neck, and head, often accom-
panied by pain. Other symptoms that may occur during
the course of the condition include sore throat, difficulty
swallowing, neck discomfort, shortness of breath, and
wheezing. In cases where deeper structures are involved,
life-threatening complications such as respiratory ob-
struction, respiratory acidosis, and complete respiratory
failure may develop. In such scenarios, immediate life-
saving interventions such as intubation or tracheostomy
may be necessary, so timely and accurate diagnosis of SE
is essential to prevent serious complications [35].

SE is a unique clinical entity that can often be diag-
nosed based solely on physical examination. Tradition-
ally, the diagnosis relies on both palpation and imaging
modalities, including chest X-ray and computed tomog-
raphy CT. José da Costa et al. proposed auscultating the
subcutaneous swelling with a stethoscope, which may
be particularly useful in settings with limited access to
imaging resources [36].

To confirm the presence of SE using imaging modali-
ties, Das et al. employed POCUS as a first-line diagnostic
tool. This approach enabled rapid detection of air in the
subcutaneous tissues. However, a large volume of air sig-
nificantly limited the penetration of ultrasound waves,
preventing assessment of deeper structures such as the
pleural line. A standard chest X-ray was subsequently
performed, confirming the presence of emphysema [37].

Although the literature does not explicitly define
CT as the “gold standard” for diagnosing subcutaneous
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emphysema, it remains the most frequently employed
imaging modality in hospital settings[38].

CONCLUSIONS

Medical emergencies related to diving, including de-
compression sickness, pneumothorax, gas embolisms
and others need quick and precise diagnosis to enhance
outcomes. Ultrasonography, specifically POCUS, has
been greatly beneficial because of its portability and
real-time imaging. Ultrasound proves to be a very prom-
ising tool capable of providing preliminary diagnoses for

a wide range of medical conditions affecting various or-
gan systems. In comparison to conventional techniques
such as X-rays and CT scans, ultrasound facilitates quick-
er and more available diagnosis in the emergency room.
Nevertheless, the absence of standardized diagnostic
criteria continues to be a limitation, emphasizing the
necessity for additional research and training. As well as
the lack of official data regarding epidemiology of diving
incidents. The incorporation of portable ultrasound into
diving medicine has the potential to greatly improve

early detection and treatment, enhancing diver safety.
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ABSTRACT

The article provides a comparative analysis of post-traumatic stress disorder (PTSD) diagnostic criteria between the International Classification of Diseases,
Tenth Revision and Eleventh Revision, emphasising the clinical implications of these changes. PTSD is a complex condition arising from exposure to severe
trauma, characterised by symptoms of re-experiencing, avoidance, and hyperarousal. The transition from the older classification to the newest revision indi-
cates a paradigm shift, introducing a simplified three-symptom cluster model and acknowledging complex post-traumatic stress disorder (cPTSD) as a distinct
entity. cPTSD is characterised by disturbances in emotional regulation and relational functioning, and is associated with chronic interpersonal trauma. It is
important to differentiate this condition from borderline personality disorder (BPD) due to the overlap in symptoms. The paper reviews diagnostic distinctions,
epidemiological impacts, and implications for therapeutic strategies, highlighting how the new classification reduces diagnosis frequency by tightening crite-
ria and facilitating more accurate identification. The study emphasises the necessity for clinicians to enhance their awareness and skills in differentiating be-
tween these disorders in order to optimise treatment planning. Furthermore, the article discusses culturally informed diagnostic considerations and presents
evidence supporting the utility of standardized diagnostic tools attuned to the latest classification. The article’s central argument is that the refined diagnostic
framework improves the precision and effectiveness of identifying trauma-related disorders. This is vital for guiding appropriate interventions and improving
patient outcomes in clinical practice. The evolving understanding of trauma-related psychopathology underscores the significance of ongoing research and

adaptation in diagnostic systems.
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ICD, DSM-V, post-traumatic stress disorder, personality disorders, trauma

INTRODUCTION

Post-traumatic stress disorder (PTSD) has been the
focus of clinical psychology and psychiatry for years as
one of the best described and most complex disorders
resulting from exposure to trauma. The prevalence of
PTSD varies significantly depending on the population
studied, ranging from 6.9% in the general population of
the United States [1] to an alarming 32% among World
War Il survivors in the Polish population [2].

The current geopolitical situation, including the war
in Ukraine and the escalation of climate disasters, is
directly linked to an increase in the number of people
exposed to serious stressors and, consequently, to men-
tal health disorders [3,4]. This has prompted the scien-
tific community to further refine the diagnostic criteria
for PTSD, which is reflected in the latest updates to the
ICD-11 classification system. At the same time, in clinical
practice, patients with PTSD often visit general practi-
tioners and hospital emergency departments, which im-
plies the need for increased diagnostic vigilance on the
part of all physicians, not just psychiatrists [5].

The evolution of the diagnostic approach has led to
a paradigm shift in this field, resulting in the identifica-
tion of three main groups of PTSD symptoms: flashbacks,
avoidance and excessive alertness, which are considered
pathognomonic for the diagnosis of this nosological en-
tity [6]. However, the emergence of a newly identified
nosological entity, complex PTSD (cPTSD), has sparked
controversy, mainly due to its similarities to borderline
personality disorder (BPD) [6]. The key objective of this
paper is to present the current state of knowledge on
PTSD, cPTSD and BPD and to highlight the subtle but
clinically significant differences in their differential diag-
nosis.

AIM

The aim of this study is to compare the diagnostic cri-
teria for post-traumatic stress disorder between the In-
ternational Classification of Diseases, 10th Revision (ICD-
10) and the 11th Revision (ICD-11) and to draw attention
to the distinction of a new nosological entity, cPTSD, as
well as the need to differentiate it from BPD.
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MATERIALS AND METHODS

This study was conducted as a structured narrative lit-
erature review with elements of a systematic approach.
Its objective was to compare the diagnostic criteria for
PTSD in the ICD-10 and ICD-11, and to analyse their clini-
cal implications. The newly introduced nosological en-
tity of cPTSD, which was not previously included in the
ICD-10 classification, was also discussed.

A comprehensive literature search was conducted
in the PubMed database, encompassing publications
from January 1992 (the introduction of ICD-10) to June
2025 (the most recent available literature). The following
search terms and Boolean operators were used: “post-
traumatic stress disorder” OR “PTSD” AND “ICD-10" AND
“ICD-11", supplemented with “complex PTSD’, “cPTSD",
“borderline personality disorder’, “diagnostic criteria’,
and “epidemiology”. Additional relevant sources were
identified through a manual search of the reference lists
in the retrieved articles.

Table 1. Comparison of PTSD diagnostic criteria in ICD-10, DSM-5 and ICD-11

The diagnostic criteria were extracted directly from
official WHO publications and then compared in parallel.
The comparison prioritised:

«  core symptom clusters (intrusion, avoidance, hyper-
arousal);

«  symptom definitions and thresholds;

«  the presence or absence of comorbid features, such
as disturbances in self-organisation in cPTSD;

«  clinical implications for differential diagnosis.

The quality of the paper has been assured by inde-
pendent screening and selection of the literature by the
authors. Discrepancies were resolved through consen-
sus, ensuring methodological transparency while ac-
knowledging that this review does not constitute a full
systematic review.

REVIEW
In all major classifications (ICD-10, ICD-11 and Di-
agnostic and Statistical Manual of Mental Disorders,

Criterion

Structure of diagnostic
criteria

ICD-10 (WHO, 1992)

Traditional definition (ICD-
10 F43.1): re-experiencing,
avoidance, and hyperarousal;
around 13 symptoms listed

DSM-5 (APA, 2013)

Structured into 4 clusters:
A (stressor), B (intrusion),
C (avoidance), D (negative
alterations in cognition/mood),
E (arousal/reactivity)

ICD-11 (WHO, 2018)

Simplified into 3 core groups:
(1) re-experiencing in the
present, (2) avoidance, (3)
persistent sense of threat.

cPTSD introduced separately

Duration of symptoms

Typically >1 month to qualify
as PTSD (acute/chronic
specifiers)

Symptoms must persist for >1
month (criteria B-E)

Symptoms must persist for
'several weeks'; less precise but
implies clinically significant
persistence

Intrusion symptoms

Flashbacks, nightmares,
intrusive memories

>1 intrusion symptom required
(e.g., intrusive memories,
nightmares, flashbacks,
distress at reminders)

Re-experiencing as 'here and
now' (flashbacks, nightmares)

Avoidance symptoms

Avoidance of reminders
(thoughts, places, people)

>1 avoidance symptom
required (internal or external
reminders)

Avoidance required (thoughts/
feelings or external reminders)

Hyperarousal symptoms

Increased arousal, irritability,
sleep problems

>2 arousal/reactivity
symptoms required (e.g.,
hypervigilance, irritability,
exaggerated startle, sleep/
concentration problems)

Persistent sense of threat
expressed as hypervigilance
and exaggerated startle

Main difference
in the criteria

Broader template with many
non-specific symptoms

Operationalized with 4 clusters
and symptom thresholds;
includes negative cognition/
mood changes

Narrowed focus on 3 core
clusters; excludes non-specific
symptomes; distinguishes PTSD

from cPTSD

Classification approach

Category: 'Reaction to
severe stress and adjustment
disorders'; broader and more

inclusive

Category: 'Trauma and
Stressor-Related Disorders';
operationalized with symptom
counts and thresholds

Focused on clinical essence,
simplified, cPTSD added as
separate diagnosis

Clinical notes

Catches more (including
milder) cases; ICD-10 still
widely used internationally

More specific thresholds;
includes dissociative subtype;
useful in research and
structured clinical practice

Identifies fewer but more
severe cases; cPTSD distinction
crucial; narrower definition
affects prevalence and
treatment access

Source: Table created by the author based on ICD-10 (WHO, 1992), ICD-11 (WHO, 2018) and DSM-5 (APA, 2013) [7-9]
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5th edition - DSM-5), the starting point for diagnosing
PTSD is exposure to a traumatic event that threatens
life, physical or mental integrity, or health. Three essen-
tial features are shared across systems: re-experiencing
(intrusions), avoidance, and heightened alertness [7-9].

DSM-5 expands the diagnostic framework for PTSD
with four groups of symptoms, incorporating negative
alterations in cognitions and mood (e.g., self-blame,
persistent negative self-image) and allowing the iden-
tification of subtypes, such as the dissociative subtype
[7]. Compared to ICD-11, the DSM-5 approach is broader
and more detailed as presented in Table 1. However, it
should be noted that DSM-5 is not an official diagnos-
tic system in Poland or most European countries, and
serves only as an advisory tool in psychotherapy, scien-
tific research and medical education.

ICD-10 describes PTSD as a reaction to exceptionally
stressful events and limits its criteria to core symptoms,
without detailed cognitive specifications [8]. ICD-11 fur-
ther simplifies the structure by focusing on three core
symptom groups, with intrusions defined more precisely
as “re-experiencing in the present” (e.g., flashbacks), and
introduces a separate diagnostic entity — cPTSD - as-
sociated with chronic, repeated, interpersonal trauma
and disturbances in emotional regulation and relational
functioning [9]. Table 2 summarizes the distinguishing
features between PTSD and cPTSD.

Table 2. Comparison of PTSD and ¢PTSD in ICD-11

Criterion PTSD in ICD-11
Simplified into 3 core groups: (1) re-
Structure experiencing in the present, (2) avoidance, (3)

of diagnostic criteria
separately

persistent sense of threat. cPTSD introduced

DISCUSSION

Studies have been conducted comparing the diagno-
sis of PTSD according to the ICD-10 and ICD-11 criteria.
In a study involving several countries (including Switzer-
land, the USA, and Japan), the frequency of PTSD diag-
nosis within 60 days of a traumatic event was 24.89% for
ICD-10 and 12.94% for ICD-11 in the same study groups
[10]. This means that the frequency of PTSD diagnosis
based on the diagnostic criteria contained in ICD-11
was twice as low [10]. The same authors also studied the
frequency of PTSD diagnoses in the time interval from
122 days to 456 days. It turns out that, as before, the
frequency of PTSD diagnosis according to ICD-10 was
twice as high as that according to ICD-11, amounting to
14.10% for ICD-10 and 6.88% for ICD-11 [10]. In light of
this analysis, it was demonstrated that the simplification
and, at the same time, tightening of diagnostic criteria
and the introduction of a new nosological entity - cPTSD
in ICD-11 - had a significant impact on the frequency of
diagnosis [10]. This also implies a change in therapeutic
approaches.

In the ICD-11 classification, the criteria for diagnosing
PTSD have been standardised and simplified compared
to the ICD-10 classification. According to ICD-11, the
diagnosis of PTSD requires the presence of symptoms
in three basic dimensions: intrusion, avoidance and ex-
cessive alertness [9]. In addition, cPTSD has been dis-

cPTSD in ICD-11

Includes all PTSD criteria plus additional
symptoms grouped under “Disturbances in Self-
Organization” (DSO)

Symptoms must persist for 'several weeks';
less precise but implies clinically significant

Duration of symptoms
persistence

Same as PTSD - symptoms must persist for
'several weeks'

Intrusion symptoms .
ymp nightmares)

Re-experiencing as “here and now” (flashbacks,

Same PTSD intrusion symptoms must be
present

Avoidance symptoms .
ymp external reminders)

Avoidance required (thoughts/feelings or

Same PTSD avoidance symptoms must be
present

Hyperarousal symptoms

Persistent sense of threat expressed as
hypervigilance and exaggerated startle

Same PTSD hyperarousal symptoms must be
present

Affective dysregulation -

Severe emotional reactivity, emotional
numbing, difficulties in maintaining composure

Negative self-concept -

Persistent beliefs of worthlessness, shame and
guilt accompanied by diminished self-esteem

Disturbances
in relationships

Difficulties in feeling close to others and in
sustaining relationships

Exposure to an event or situation (either short-
or long-lasting) of an extremely threatening or

Origin of trauma
horrific nature

Exposure to an event or a series of events of an
extremely threatening of horrific nature, most
commonly prolonged or repetetive events from
which escape is difficult or impossible

Therapeutic approach

Exposure-based therapies and Eye Movement
Desensitization and Reprocessing (EMDR)

A phased, integrative approach involving
emotional regulation, identity reconstruction
and relational therapy

Source: Table created by the author based on ICD-11 (WHO, 2018) [9].
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tinguished, which includes classic PTSD symptoms and
persistent disturbances in self-organisation (DSO) such
as chronic emotional disturbances, negative self-image
and difficulties in interpersonal relationships [6,9]. This
syndrome needs to be differentiated from emotionally
unstable personality disorder with borderline subtype
- BPD. One of the most difficult diagnostic aspects re-
mains distinguishing chronic emotional disorders in
cPTSD from persistent patterns of emptiness and emo-
tional instability characteristic of BPD [11]. The work of
Miller et al. (2021) emphasised that chronic feelings of
emptiness, one of the criteria for BPD, have unique qual-
itative and phenomenological features that distinguish
them from the emotional dysregulation typical of PTSD
or cPTSD [12].

Research by Powers et al. using exploratory structural
equation modelling (ESEM) confirmed that the symp-
toms of cPTSD and BPD form distinct, albeit partially
overlapping, constructs [6]. In the ICD-11 criteria-based
model, PTSD clearly focuses on the response to trauma,
while BPD encompasses broader emotional dysregula-
tion, an identity disorder not directly related to a trau-
matic event [6, 9, 11, 12]. It has also been pointed out
that tendencies towards self-harming behaviour are sig-
nificantly more common and predictable in BPD than in
PTSD [13, 14].

It is important to note that diagnostic pitfalls fre-
quently arise when chronic affective dysregulation and
interpersonal instability following prolonged interper-
sonal trauma are attributed solely to BPD. The misclassi-
fication of cases is most likely to occur in high-risk groups
(e.g., survivors of intimate partner violence), where
trauma-related DSO may be mistaken for personality
pathology [15]. Clinically, recurring self-harm, significant
identity instability, and a pervasive fear of abandonment
support a diagnosis of BPD (often comorbid with PTSD),
while a persistently negative, non-fluctuating self-view
and trauma-anchored re-experiencing point toward
cPTSD [6, 16, 17].

The ICD-11 classification is currently being imple-
mented in Poland. Draczyniska, Mokros et al. standard-
ised a diagnostic tool to facilitate the diagnosis of PTSD
in accordance with the latest ICD-11 guidelines, namely
the International Trauma Questionnaire (ITQ) [18]. The
Polish version of the questionnaire demonstrated a
good factor structure, consistent with the theoretical
models of ICD-11 for both PTSD and cPTSD. A study
conducted with its help showed that the questionnaire
accurately differentiated patients with PTSD and cPTSD,
as well as individuals without such a diagnosis [18]. The
empirically confirmed effectiveness of the tool adapted
to Polish conditions significantly expands the diagnostic
possibilities in clinical practice.
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identifying post-traumatic mental disorders, emphasis-
ing more precise and specific recognition of the core
symptoms of trauma. By simplifying the diagnostic
structure into three key symptom clusters and distin-
guishing cPTSD as a separate nosological entity, the
ICD-11 allows for more accurate differentiation between
classic PTSD and complex personality disorders caused
by chronic trauma.

Based on the available evidence, the new approach
of ICD-11 not only improves the effectiveness of the
diagnostic process but also requires clinicians to have
a deeper understanding of symptom structure and ad-
vanced diagnostic skills. Correct differential diagnosis of
PTSD, cPTSD and BPD remains crucial for selecting ap-
propriate and effective forms of treatment and improv-
ing patient prognosis.
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ABSTRACT

Aim: Analysis of the management of a patient with severe inhalation burns in the light of powers of a paramedicin Poland and current guidelines may enable
to improve the quality of medical assistance provided by Emergency Medical Teams.

Materials and methods: We analyzed management provided by the basic emergency medical team in a patient with a thermal burn in compliance with
current recommendations and the powers of paramedics in Poland. The patient was found to have a 2"/3" degree burn covering approximately 50% of
the total body surface area and a respiratory failure which was probably caused by inhalation burns. Due to the lesions, the paramedic made the following
interventions: he cleared the airway with an oropharyngeal tube, started assisted ventilation, established intravenous access to a peripheral vein on the foot,
administered 500ml of 0.9% NaCl and medical oxygen, cooled the burned area and assessed body temperature. The medical records lacked information on
blood pressure values, saturation, blood glucose levels and administration of analgesics.

Condlusions: 1. It may be difficult to ensure airway patency, intravenous access and monitor peripheral circulation in patients with deep burns of the face,
neck and upper extremities. 2. It is necessary to improve skills of medical staff regarding the complex care of severely burned patients, particularly monitoring

of vital signs and conicopuncture, establishing intraosseous access and pain management.

KEY WORDS
emergency medical team, difficulties, severe burn

INTRODUCTION

Burns are not uncommon injuries and they account for
the fourth cause of hospitalization, after traffic accidents,
falls and physical violence. The incidence of burns varies
around the world. In 2020, 371,000 people were hospi-
talized due to burns in the US, and 359,000 people were
treated in emergency rooms [1-4]. In Poland, it is estimat-
ed that between 300,000 and 400,000 people are treated
for burns annually. Of this number, 50-70% are children
[5,6]. Despite progress that has been made in medical
science, providing assistance to victims with burns is still
a challenge for all members of a medical team at every
stage of treatment. Difficulties in providing pre-hospital
medical assistance to a person with a burn may be associ-
ated with the severity of the burn and limited experience
of emergency medical teams (EMTs). In addition, the age
of the patient is also crucial, mainly due to the patient’s
health status before sustaining the burn. ABA (American
Burn Association) guidelines provide that the following
are considered severe burns in adults:
« superficial (i.e. 1t degree) and intermediate thick-

ness skin burns (e.g. 2" degree), involving more

than 25% of the Total Body Surface Area (TBSA);

«  full thickness skin burn (3rd/4th degree), involving
more than 10% of TBSA;

«  burns involving the shock area (eyes, ears, neck,
hands, palms, feet, perineum);

«  burns concurrent with severe injuries or conditions
complicating treatment;

+  electrical, chemical and inhalation burns [7].

Inhalation burns are particularly severe burns be-
cause of the risk of airway obstruction. They result from
inhaling hot air, steam or chemicals. Inhalation burns
should always be suspected in patients with burns of
the head and neck, mouth, throat, and those who report
difficulty swallowing and demonstrate clinical signs of
respiratory failure [7, 8].

Airway obstruction can occur as early as 30 minutes
after an inhalation burn. Hence, one of priorities of EMT
management of airway obstruction at the scene is to pro-
vide early airway patency with an endotracheal tube or
conicopuncture [9, 10]. Because of the risk of burn shock,
Systemic Inflammatory Response Syndrome (SIRS) and
Multiple Organ Dysfunction Syndrome (MODS), it is very
important to properly manage patients with burns in-
volving more than 20% of TBSA.
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Limited experience and competences of medical
staff in providing medical assistance to patients with
respiratory distress symptoms and in performing certain
medical procedures may prevent the performance of
rescue operations [11-13].

AIM

Analysis of the management of a patient with severe
inhalation burns in the light of powers of paramedics in
Poland and current guidelines may enable to improve
the quality of medical assistance provided by EMTs.

MATERIALS AND METHODS

We analyzed the management provided by paramed-
ics in a patient with burns in compliance with recorded
medical procedures and current recommendations and
powers of paramedics as defined in the Regulation of the
Minister of Health as of 22 June, 2023 on medical emer-
gency activities and health services other than medical
emergency activities that can be provided by a paramedic.

CASE REPORT
The primary EMT was dispatched to a wooden house
fire. After about 40 minutes of firefighting, firefighters
evacuated an unconscious person with multiple burns.
The paramedics proceeded to assess the patient’s
condition and determined that the victim was a woman,
about 70 years of age, with body weight about 70 kg.

Based on the assessment of basic vitals, the following

were noted:

« A (Airway - assessment of oral contents and airway
patency) - a threatening airway obstruction due to
a circular burn on the head, swelling of the lips and
tongue, which suggested a burned airway. The air-
way was cleared with an oropharyngeal (OP) tube
No. 4;

« B (Breathing - respiratory system assessment) — the
victim's breathing was shallow and slow (i.e. 8/min).
Chest mobility due to the burn was limited. Weak-
ened vesicular breathing was heard over the lung
fields on both sides. Passive oxygen therapy (oxy-
gen flow 25 I/min.) was started, followed by respira-
tory support with a resuscitator (respiratory rate 10/
min.). No information on saturation (Sp0,) was avail-
able;

«  C (Circulation - assessment of the circulatory sys-
tem) - pulse on the carotid artery was present. Aus-
cultatorily, heart tones were clear and loud. ECG pic-
ture showed a steady sinus rhythm of 100/min. An
intravenous (IV) route was established on the foot
(24G cannula). Deep burns on the upper extremities
made it difficult to assess blood pressure (BP), pulse
on radial arteries and capillary refill time (CRT);

« D (Disability — neurological and blood glucose as-
sessment) — the patient was unconscious, Glasgow
Coma Score (GCS) - 3 points. Pupils were symmetri-
cal, wide, and they did not respond to light. There
was no information on the serum glucose level;

«  E(Exposure) - diagnosed severe 2"Y/3 degree ther-
mal burn involving approximately 50% of TBSA,
including circular burns of the head, neck, upper
extremities, and chest and abdominal burns with
concurrent inhalation burns. Non - stick clothing
was removed from the patient’s body. Body tem-
perature was assessed at the ear drum membrane
(37°C).The burns on the head and upper extremities
were cooled with a sterile compress with 0.9% NaCl
solution;

«  F (Fluid Resuscitation) — 500 ml of 0.9% NaCl IV solu-
tion was infused. Due to the patient’s severe general
condition, inability to effectively ventilate her lungs
and suspected inhalation burns, an AR (Air Rescue)
helicopter was called. An AR doctor intubated the
victim by videolaryngoscopy (endotracheal tube ID
7.5 mm), established an intraosseous (I0) route, and
performed a chest fasciotomy. Besides, he adminis-
tered Chlorsuccillin and Fentanyl and ordered to con-
tinue replacement ventilation with a resuscitator. The
patient was transported by AR helicopter to a burn
center. Despite the implemented management, the
patient died on day 1 of hospital treatment.

DISCUSSION

Providing assistance to people with extensive, se-
vere burns, complicated by airway burns and respiratory
failure is a clinical challenge for EMTs. Besides, this as-
sistance might be even more challenging due to limited
experience and qualifications. Swelling of the mouth
makes it difficult to provide airway patency with a OP
tube or with application of supraglottic methods, which
are ineffective in subglottic airway burns.

Circular neck burns contribute to difficulty in per-
forming external jugular vein cannulation and also
conicopuncture, which is worrying, because these are
performed when other techniques supposed to ensure
airway patency fail. Besides, deep and circular burns of
the upper extremities can make it impossible to assess
BP, peripheral perfusion, draw blood for glucose assess-
ment and establish IV access. In addition, it is debatable
whether we should perform invasive procedures at the
site of deep burns or to relieve pain with opioid agents
in a person demonstrating symptoms of respiratory
failure, chest rigidity and unknown BP. Authorization of
paramedics to perform endotracheal intubation, which
is conducted only in cases of sudden cardiac arrest (SCA)
as well as lack of experience in performing conicopunc-
ture and providing assistance to patients with inhalation
burns might be additional problems [11, 12].

In the presented case, a deep circular burn of the
head, neck and upper extremities, as well as burns of
the mouth, chest and abdominal cavity were correctly
diagnosed, and inhalation burns and respiratory failure
were rightly suspected. The airway was cleared with a OP
tube. Initiated passive oxygen therapy and assisted ven-
tilation with active oxygen therapy did not make the pa-
tient’s respiration more efficient. However, the EMTs did
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not perform endotracheal intubation/conicopuncture,
as recommended in such a case, and did not clear the
airway with a laryngeal mask/tube; instead, they called
for assistance provided by an AR team, who always have
a doctor on duty. Also in that case, the doctor on duty
performed an endotracheal intubation. The reason why
paramedics resign from performing the conicopuncture
procedure may be related to difficulty in locating the
laryngeal cricothyroid ligament in a person with a neck
burn, in performing the procedure, and lack of experi-
ence. Furthermore, swelling of the mouth, tongue and
throat might prevent paramedics from using a laryngeal
mask/tube. This hypothesis is supported in reports of
other authors, who observed that medical staff of emer-
gency services demonstrate little interest in performing
conicopuncture/ conicopunctures were performed on
human cadavers, also on patients with neck burns local-
ized on the laryngeal cricothyroid ligament [11-17]. Ku-
lak et al conducted a survey on a group of 99 paramed-
ics, 17 emergency nurses and 14 emergency physicians.
The authors revealed that 66% of the respondents had
never performed conicopuncture.

One in five respondents had not been trained to
perform this procedure, and only 16% of the respond-
ents had observed the conicopuncture procedure [12].
The above study indicates a lack of training and a need
to improve the skills of performing conicopuncture in
medical and nursing personnel and emergency medical
students.

In the case presented in this study, the EMT estab-
lished IV access on the patient’s foot with a 24G infant
cannula. Undoubtedly, the decision of the paramedic to
establish IV access and administer infusion of 500 ml of
0.9% NaCl solution should be considered positive. How-
ever, the diameter of the applied cannula is question-
able. The risk of shock increases in patients with burns
involving over 15% of TBSA. Hence, it is recommended
to provide IV access with two 18G cannulas and fluid re-
suscitation. If IV access is not possible or two attempts
at the access have been unsuccessful, intraosseous ac-
cess is recommended [7,9,18]. The choice of insertion
site and cannula diameter may depend on the location
of deep burns. Their localization on the neck, forearms
and hands, makes it difficult to assess BP and determine
serum glucose levels and SpO,,. It is worth pointing out
that in patients with extensive burns, IV access can be
established at the burn site, and the use of a larger can-
nula allows for maximum gravity flow of 19 ml/min. (i.e.
approximately 1,140 ml/h) [7,19].

Knowledge of the Parkland formula (4 ml x kg b.w. x
% TBSA) can be helpful while determining the adequate
volume of transfusion fluid and reducing the risk of ove-
rhydration and swelling. A patient with body weight
about 70 kg is due to undergo a transfusion of 7000 ml of
fluid (4 ml x 70 kg b.w. x 50% TBSA = 14,000 ml/2) in the
first 8 hours after injury, including 875 mlin the first hour
(7000 ml/8 hours) [7, 9]. According to medical records,
the patient received 500 ml of 0.9% NaCl.

Every burn is painful and the pain should be relieved.
In the analyzed case, acute pain was reported to be re-
lieved only with a moist compress, which was against
current recommendations [7, 9, 20]. An analgesic was
administered to the patient only by the AR physician.
According to requirements of the National Health Fund
(NHF), dispatchers have to provide EMTs with medica-
tions necessary to provide emergency medical care, in-
cluding one analgesic [11, 21]. The EMT had 6 analgesics
of 7 which the paramedic was authorized to administer,
as well as coanalgesics and benzodia epines. In the hy-
perdynamic phase

of burn injury, it is recommended to treat pain with
morphine or fentanyl given IV or via the 10 route as well
as cool, elevate and immobilize the burned limb [7,
20, 22].

The decision against administration of analgesics, in-
cluding opioids and other analgesics which paramedics
are authorized to administer, i.e. paracetamol, ketopro-
fen, methamizole, morphine, fentanyl or coanalgesics
(lidocaine) - may have resulted from the inability to as-
sess pain intensity and BP and the fear of hypotension,
increased chest rigidity and respiratory failure. Oligo-
analgesia may also have resulted from a lack of experi-
ence in performing analgesia in critically ill patients or
the misconception that unconscious patients do not feel
pain [23-25].

Routine assessment of basic vital signs in a person
with a burn includes assessment of BP and SpO,, and
such were not recorded in the presented case. Examina-
tion of these parameters on a limb with a deep burn may
not be possible due to edema, reduced skin turgor, in-
trafascial tightness syndrome, distal hypoperfusion and
shock. In such cases, BP can be assessed on the burned
arm. However, the burn wound must be first protected
from contamination with a sterile dressing and the blood
pressure cuff has to be disinfected in compliance with
principles of aseptics and antisepsis.

If peripheral perfusion and BP cannot be assessed,
hourly diuresis is used to evaluate the effectiveness of
fluid resuscitation [9]. The fact that paramedics are al-
lowed to catheterize the urinary bladder only under the
supervision of a physician is an obstacle to monitoring
hourly diuresis [11]. It can be difficult to assess saturation
on affected fingers of the hand or auricle, so it is worth
considering monitoring SpO, on the toes [9].

In the analyzed case, administration of agents to re-
duce the risk of obstruction and airway pressure as well
as administration of bronchodilators were not reported.
The paramedic was authorized to self-administer salbu-
tamol, epinephrine and low-molecular-weight heparin.
10,000 units of inhaled low-molecular-weight heparin
are recommended for patients with inhalation burns to
reduce fibrin formation, fibrosis and airway obstruction
[25, 26].

It is important that a severely burned patient be
placed in a proper body position. In the described case,
the patient lay in the “supine” position. In hemodynami-
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cally stable patients with burns of the head, neck and
chest, the anti-Trendelenburg position, i.e. with the torso
elevated at an angle of 30-45° is advisable as such posi-
tion slows the rate of edema accumulation. Elevation of
burned extremities is recommended for the same pur-
pose [7,9, 27-29].

The extent and depth of the burn, the patient’s age,
lack of information regarding her condition and all of the
above-mentioned factors undoubtedly made the treat-
ment ineffective and led to death. Improving knowl-
edge and skills of EMT staff in rarely performed medical
procedures is crucial for early optimization of rescue
management in people with severe burns. This can be
achieved by participation in burn management courses,
e.g. Emergency Management of Severe Burns (EMSB) or
others, being part of postgraduate education [30].

In Poland, as in other countries, a paramedic is re-
quired to participate in, among other things, CECP
(continuing education course for paramedics) every 5
years. The organizer of the CECP is obliged to provide,
among other things, a conicopuncture kit and an adult
manikin to perform this procedure. It is important that
the post-graduate training be regularly organized for

REFERENCES

all medical professionals authorized to provide medi-
cal care in EMTs [31-33]. Due to shortage of physicians,
very few specialized EMTs have this medical profession-
al. Thus, teaching skills to primary EMT staff is highly
important. In 2022, in Poland, 321 EMTs out of 1592
had a specialized status, i.e. there was a physician in the
team [34, 35].

The knowledge and skills of the EMT staff need con-
tinuous improvement, especially in the area of rare med-
ical procedures, regardless of the frequency of emer-
gency medical care given to people with severe burns,
complicated by thermal inhalation injury.

CONCLUSIONS

1. It may be difficult to ensure airway patency, intra-
venous access and monitor peripheral circulation in
patients with deep burns of the face, neck and up-
per extremities.

2. Skills of medical staff in the complex care of severely
burned patients should improve, especially in the
areas of monitoring of vital signs and conicopunc-
ture. Skilled staff will be able to establish intraosse-
ous access and manage pain.

1.

Qairns C, Kang K. National Hospital Ambulatory Medical Care Survey: 2020 emergency department summary tables. https://stacks.cdc.gov/view/
¢dc/121911. doi.org/10.15620/cdc:121911 (Access: 24.03.2024].

2. National Hospital Ambulatory Medical Care Survey: 2020 Emergency Department Summary Tables. Table 10. Primary diagnosis at emergency department
visits, by major disease category: United States, 2020. https://www.cdc.gov/nchs/data/nhamcs/web_tables/2020-nhamcs-ed-web-tables-508.pdf.
(Access: 24.03.2024).

3. National Hospital Ambulatory Medical Care Survey: 2021 Emergency Department Summary Tables. Table 10. Primary diagnosis at emergency department
visits, by major disease category: United States, 2021. https://www.cdc.gov/nchs/data/nhamcs/web_tables/2021-nhamcs-ed-web-tables-508.pdf.
(Access: 24.03.2024).

4. Greenhhalgh DG. Management of burns. NEJM 2019;380:2349-59. doi:10.1056/NEJMra180744 2.

5. Kazmierski M, Marikowski P, Jankowski A. Rola lekarza rodzinnego w leczeniu oparzen. [The role of the family doctor in the treatment of burns]. Lekarz
Rodzinny 2002;11:33-40 (Polish).

6.  Gontko K, Ratajczak K, Naskret M. Oparzenia u dzieci w wojewddztwie wielkopolskim w 2010 roku [Burns in children in the Wielkopolska region in 2010].
Anest Ratown. 2012;6:402-408 (Polish).

7. American Burn Association. 2018. Advanced Burn Life Support Course. Provider Manual 2018 Update, Chicago, IL. https://ameriburn.org/wp-content/
uploads/2019/08/2018abls-providermanual. pdf. (Access: 10.10.2023).

8. (Galeiras R. Smoke inhalation injury: a narrative review. Mediastinum 2021;5:16. doi:10.21037/ med-21-7.

9. ATLS Advanced Trauma Life Support. Student course manual 10th edn. American College of Surgeons, 2018, Chicago, IL, pp. 11-173.

10.  Kudchadkar SR, Hamrick JT, Mai CL et al. The heat is on. . . thermal epiglottitis as a late presentation of airway steam injury. J Emerg Med. 2014;46:43-6. doi.
0rg/10.1016/j.jemermed.20 13.08.033 (Access: 12.02.2024).

11. Rozporzadzenie Ministra Zdrowia z dnia 22 czerwca 2023 r. w sprawie medycznych czynnosci ratunkowych i $wiadczen zdrowotnych innych niz medyczne
azynnosci ratunkowe ktére moga by¢ udzielane przez ratownika medycznego (Dz. U. Poz. 1180) (Polish). https://isap.sejm.gov.pl/isap.nsf/DocDetails.
xsp?id=WDU20230001180. [Access: 01.06.2024].

12.  Kufak C, Bartczak M. Dowiadczenie pracownikéw Systemu Parstwowe Ratownictwo Medyczne w wykonywaniu konikopunkgji [Experience of employees
of the State Emergency Medical Service System in performing cricothyroxine puncture]. https://publicum.umed.lodz.pl/docstore/ download/AML3763d26
2d81c4b84ac17030136894f30/ 1konikopunkgja.pdf?entityType=activity. (Access:19.02.2024) (Polish)

13. Wejnarski A, Podgdrski M, Kamecki A et al. Rola Lotniczego Pogotowia Ratunkowego w optymalizacji czasu transportu pacjentéw oparzonych [The role of
the Polish Medical Air Rescue in optimalization of transport time of patients with burns]. Anest Ratown. 2016;10:34-35 (Polish).

14.  Tracy LF, Shehan J, Grillone GA. Upper airway burn injury. Oper Tech Otolaryngol-Head Neck Surg 2020;31:295-300. Doi.org/10.1016/j.0t0t.2020.10.006.

15. Bye R, Clair TSt, Delorenzo A et al. Needle cricothyroidothomy by intensive care paramedics. Prehosp Disaster Med. 2022;37(5):652-629. doi: 10.1017/
$1049024X22001157.

16.

Aldred D, Durham M, Prokop N et al. Critical care paramedic’s experiences of performing an emergency scalpel cricothyroidotomy: a qualitative study. Br
Paramed J. 2022;7(1):3-8. doi: 10.29045/14784726.2022.06.7.1.3.



Diagnostic and therapeutic difficulties encountered by paramedics

17. Bakalarski P. Skill of localisation of the cricothyroid membrane by students of emergency medicine- an experiment with cadavers. Crit Care Innov.
2022;5(1):24-29. doi:10.32114/((1.202 2.5.1.24.29.

18.  Soar J, Béttiger BW, Carli P et al. Adult advanced life support (Advanced Life Support — ALS). Resuscitaiton 2021;161:115-151. doi.org/10.1016/j.
resuscitation.2021.02.010. [Access: 10.02.2024].

19.  The BD NeoflonTM pro iv catheter. https://www.bd.com/documents/international/brochures/ infusion/IV-Catheters/MDS_2019_VN_Neoflon_Pro_BR_
EN_IN.pdf. [Access: 10.02.2024].

20.  Dobre praktyki leczenia bélu u dorostych w podstawowych zespotach ratownictwa medycznego [Good practices in pain management in adults in primary
emergency medical teams]. Ministry of Health, Warsaw, 2019. www.gov.pl/web/zdrowie/dobre-praktyki-leczenia-bolu (Access: 5.12.2022) (Polish).

21, Zatacznik nr 3 do Zarzadzenia nr 179/2020/DSM Prezesa Narodowego Funduszu Zdrowia z dnia 12 listopada 2020 r. Baza aktéw wiasnych Narodowy
Fundusz Zdrowia (Polish). https://baw.nfz.gov.pl/NFZ/document/2011/Zarzadzenie-137_2023_DSM. (Access:17.03.2024).

22. Wordliczek J, Zajaczkowska R. Leczenie bélu u oparzonych pacjentéw [Pain management in burn patients]. Anest Ratown. 2024;18:119-125. doi:10.53139/
AIR.20241817 (Polish).

23.  Boly M, Faymonville ME, Schnakers C et al. Perception of pain in the minimally conscious state with PET activation: an observational study. Lancet Neurol.
2008;7(11):1013-20. doi:10.1016/51 474-4422(08)70219-9.

24, Zasler ND, Formisano R, Aloisi M. Pain in person with disorders of consciousness. Pain Sci. 2022;12(3):300. doi:10.3390/brainsci12030300.

25.  Elsharnouby NM, Eid HE, Abou Elezz NF et al. Heparin/N-acetylcysteine: an adjuvant in the management of burn inhalation injury: a study of different doses.
J (rit Care 2014;29:182:1-4. d0i:10.1016/j.crc.2013.06.017.

26.  McIntire AM, Harris SA, Whitten JA et al. Outcomes following the use of nebulized heparin for inhalation injury (HIHI study). J Burn Care Res. 2017;38:45-52.
doi:10.1097/BCR.0000000000 000439.

27.  European practice guidelines for burn care. Minimum level of burn care provision in Europe. European Burns Association 2017;121-137. www.euroburn.org/
documents/ (Access: 10.02.2024).

28.  DeMuro JP, Mongelli MN, Hanna AF. Perioperative upper airway edema: Risk factors and management. Crit Care & Shock 2013;16(4):125-32. https:/
criticalcareshock.com/2013/11/2008.

29. Serghiou MA, Niszczak J, Parry | et al. Clinical practice recommendations for positioning of the burn patient. Burns 2016;42(2):267-275. doi.org/10.1016/j.
burns.2015.10.007.

30. Teklay S, Dhillon D. Course Review: Emergency Management of Severe Burns. Ann Plast Surg. 2021;1(4):27-28. doi:10.1097/SAP.0000000000002707
(Access: 12.02.2024).

31. Program kursu doskonalacego dla ratownikéw medycznych. [Training course program for paramedics]. Centrum Medycznego Ksztatcenia Podyplomowego.
www.cmkp.edu.pl/wp-content/uploads/pdf/Program-kursu doskonalacego-dla-ratownikow-medycznych-aktualizacja-24.02.2020.pdf. (Access: 12.02.2024)
(Polish).

32. Ramowy program kursu spedjalistycznego wykonanie konikopunkji, odbarczenie odmy preznej oraz wykonanie dojscia doszpikowego [Framework
program of the specialist course: performing cricothyroidotomy, decompression of tension pneumothorax and performing intraosseous access]Centrum
Ksztatcenia Podyplomowego Pielegniarek i Potoznych. [In Polish]. https://ckppip.edu.pl/wp-content/uploads/2020/11/Wykonanie-konikopunkgji-
odbarczenie-odmy-preznej-oraz-wykonanie-dojscia-doszpikowego.doc. (Access: 31.03.2024) (Polish).

33. Bos N, Krol M, Veenvliet Ch et al. Ambulance care in Europe. Nivel, Organization of ambulance services in 14 European countries, 2015:20. https://www.
nivel.nl/sites/default/files/bestanden/ rapport_ambulance_care_europe.pdf. (Access: 28.02.2024).

34. Pomoc dorazna i ratownictwo medyczne w 2022 roku. [Emergency care and medical rescue in 2022. Gtéwny Urzad Statystyczny. https://stat.gov.pl/
obszary-tematyczne/zdrowie/zdrowie/pomoc-dorazna-i-ratownictwo-medyczne -w-2022-roku, 14,7.html. (Access: 05.04.2024) (Polish).

35. (zas dyzurw baz HEMS. [HEMS base duty time] Lotnicze Pogotowie Ratunkowe. www.lpr.com.pl/pl/dla-dyspozytorow-medycznych/czas-dyzurow-baz-
hems/ (Access: 5.04.2024) (Polish).

CONFLICT OF INTEREST
The Authors declare no conflict of interest.

ADDRESS FOR CORRESPONDENCE

Leszek Marzec

Faculty of Medical Sciences and Health Science

State Vocational University prof. S. Tarnowski in Tarnobrzeg,
Tarnobrzeg, Poland

e-mail: leszek.marzec@edu.puz.tarnobrzeg.pl

ORCID AND CONTRIBUTION
Leszek Marzec — 0000-0002-8062-1311 ®® @

Grazyna Skotnicka — Klonowicz: 0000-0001-7145-1747 ® CREATIVE COMMONS 4.0
Jakub Karawani — 0009-0003-3818-938X ® RECEIVED: 28.05.2025
Janusz Piotr Sikora — 0000-0003-0228-5823 @@ ACCEPTED: 20.08.2025

O - Work concept and design, @ — Data collection and analysis, @ — Responsibility for statistical analysis, @ — Writing the article, @ — Critical review, @ — Final approval

197






