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ANNALES
MEDICINAE
URGENTIS:

MESSAGE FROM
THE EDITORS -

Dear Colleagues,

It is our great pleasure to present the fifth issue of
Annales Medicinae Urgentis. With each new issue,
we continue to pursue our mission of publishing
high-quality, scientifically sound, and clinically
relevant articles that contribute to the advancement
of emergency and critical care medicine and to the
improvement of patient care.

We are particularly pleased that, in addition to
original scientific articles, review papers, and case
reports, this issue also features the best papers by
young colleagues awarded at the 7th Congress of
Emergency Medicine. Their publication reflects
our commitment to recognizing and encouraging
excellence, supporting the development of the next
generation of authors, and providing young physicians
and healthcare professionals with the opportunity to
share their knowledge and experience with the wider
professional and scientific community.

This fifth issue also marks an important milestone
in the development of our journal. Over the past
year, Annales Medicinae Urgentis has significantly
expanded its international visibility through its
inclusion in several recognized bibliographic and
scholarly databases, including ROAD (Directory
of Open Access Scholarly Resources), Google
Scholar, Hr¢ak, OpenAlex, Dimensions, Scilit,
and J-Gate. This indexing enhances the accessibility,
discoverability, and international recognition of the
articles published in our journal, while confirming
the continuous efforts of the Editorial Board, authors,

Prof.
Visnja Nesek Adam,
MD, PhD

and reviewers to maintain and further improve the
journal’s scientific quality and publishing standards.

We would like to express our sincere gratitude to
all authors for their trust, to our reviewers for their
expertise, dedication, and invaluable contribution,
and to the members of the Editorial Board and
all collaborators whose commitment enables the
continuous development of the journal. We would
also like to extend our special appreciation to the
young authors whose award-winning papers from the
7™ Congress of Emergency Medicine have enriched
this issue with their enthusiasm, knowledge, and
professional dedication.

We hope that the articles published in this fifth issue
will prove valuable in everyday clinical practice,
inspire further professional and scientific work,
and strengthen the position of Annales Medicinae
Urgentis as a respected journal in the field of
emergency medicine.

Thank you for your continued trust and support. We
warmly invite you to contribute your future work
and join us in the ongoing development of Annales
Medicinae Urgentis.

Warm regards,

Prof. Visnja Nesek Adam, MD, PhD
and Prof. Ivan Gornik, MD,PhD

Editors-in-Chief, Annales Medicinae Urgentis
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ORIGINAL ARTICLE / IZVORNI ZNANSTVENI CLANAK

RESPIRATORY DEPRESSION IN COMATOSE
ALCOHOL-INTOXICATED PATIENTS:
IMPACT OF CO-INGESTION AND

AIRWAY MANAGEMENT - A 36-MONTH
RETROSPECTIVE COHORT STUDY

RESPIRACIJSKA DEPRESIJA U KOMATOZNIH BOLESNIKA
S AKUTNOM INTOKSIKACIJOM ALKOHOLOM: UTJECA]
ISTODOBNE INGESTIJE DRUGIH TVARI I ZBRINJAVANJA
DISNOG PUTA - RETROSPEKTIVNA KOHORTNA STUDIJA
TIJEKOM 36 MJESECI

*Matilda Kambo'?, Klerida Shehu?, Jonida Kito'?, Benard Shehu*
Albana Kociaj'?, Eneida Hoxha?, Andrin Tahiri1’ Rudin Domi?

https://doi.org/10.64266/amu.2.5.1

Abstract

Background: Severe alcohol intoxication may cause coma and respiratory failure, 1 University Hospital Center “Mother
aggravated by co-ingested central nervous system depressants. We evaluated respiratory Teresa’, Tirana, Albania
depression and the association of opioid or benzodiazepine co-ingestion with endotracheal 2 University of Tirana Medical School,

. . Tirana, Albania
intubation and outcomes.

*Gorresponding author:

Matilda Kambo, MD
University Hospital Center

Materials and methods: This retrospective single-centre cohort included adults
admitted with toxicologically confirmed alcohol-related coma between January 2023 and

December 2025. Patients were classified as having isolated alcohol intoxication, alcohol- “Mother Teresa”,
. . . . . : : et Str. Dibres Nr.372.,
benzodiazepine co-ingestion, or alcohol-opioid co-ingestion. Admission Glasgow Coma 1001 Tirana, Albania

Scale (GCS), arterial pH, PaCO,, endotracheal intubation, and in-hospital mortality were E-mail: matildakambo@gmail.com
compared. Firth-penalized logistic regression was exploratory. Phone: +355692936551

Results: Among 48 patients, 25 had isolated alcohol intoxication, 13 benzodiazepine co-

ingestion, and 10 opioid co-ingestion. Age, sex, and blood alcohol concentration were ORCID ID:
comparable. Across these groups, mean GCS decreased (7.8, 6.5,and 5.0; p<0.001), arterial Matilda Kambo

pH declined (7.30, 7.26, and 7.22; p=0.003), and PaCO, increased (48.2, 55.1, and 62.0 0009-0000-1788-2554
mmHg; p=0.008). Intubation rates were 48.0%, 76.9%, and 90.0%, respectively (p=0.031). g{%g’_%gggf‘;% e
Intubated patients had lower GCS and pH and higher PaCO, than non-intubated patients o

(all p<0.001), whereas blood alcohol concentration did not differ. Two deaths occurred, 33'33?0E}§§_4374_3736
both after mixed intoxication (p=0.178). In severity-adjusted exploratory analysis, GCS Benard Shehu

was the strongest correlate of intubation (OR 0.08 per point; 95% CI <0.01-0.33; p<0.001). 0009-0009-9250-1454
Conclusion: Co-ingestion, particularly of opioids, identified patients with more severe Albana Kociaj
neurological and respiratory compromise. Integrated neurological, respiratory, and 0009-0003-6205-3706
toxicological assessment may guide individualized airway management better than blood (E)ggg?ogggj?zoquge
alcohol concentration alone. Larger prospective multicentre studies are required. o
Keywords: alcohol intoxication; airway management; benzodiazepines; coma; endotracheal 3383%?5' 1I r.|3024-g433
intubation; opioid co-ingestion; respiratory depression. Rudin Domi

0000-0003-4594-7815
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Sazetak

Uvod: Teska akutna intoksikacija alkoholom moze uzrokovati komu i respiratorno
zatajenje, dodatno pogorsane istodobnom ingestijom depresora sredi$njega Ziv€anog
sustava. Procijenili smo respiratornu depresiju i povezanost istodobne ingestije opioida ili
benzodiazepina s endotrahealnom intubacijom i ishodima.

Materijali i metode: Ova retrospektivna jednocentri¢na kohortna studija obuhvatila je
odrasle hospitalizirane od sije¢nja 2023. do prosinca 2025. zbog toksikoloski potvrdene
kome povezane s alkoholom. Bolesnici su razvrstani u skupine s izoliranom intoksikacijom
alkoholom te istodobnom ingestijom benzodiazepina ili opioida. Usporedeni su Glasgow
Coma Scale (GCS), arterijski pH, PaCO,, endotrahealna intubacija i bolni¢ka smrtnost.
Firthova penalizirana logisticka regresija bila je eksploratorna.

Rezultati: Od 48 bolesnika, 25 je imalo izoliranu intoksikaciju alkoholom, 13 istodobnu
ingestiju benzodiazepina, a 10 opioida. Dob, spol i koncentracija alkohola u krvi bili
su usporedivi. GCS se izmedu skupina smanjivao (7,8; 6,5; 5,0; p<0,001), arterijski pH
padao (7,30; 7,26; 7,22; p=0,003), a PaCO, rastao (48,2; 55,1; 62,0 mmHg; p=0,008). Stope
intubacije iznosile su 48,0%, 76,9% i 90,0% (p=0,031). Intubirani bolesnici imali su nizi
GCS i pH te visi PaCO, od neintubiranih (sve p<0,001), dok se koncentracija alkohola nije
razlikovala. Zabiljezena su dva smrtna ishoda, oba nakon mjesovite intoksikacije (p=0,178).
U eksploratornoj analizi prilagodenoj tezini stanja GCS je bio najsnaznije povezan s
intubacijom (OR 0,08 po bodu; 95% CI <0,01-0,33; p<0,001).

Zakljucak: Istodobna ingestija, osobito opioida, izdvojila je bolesnike s tezim neuroloskim
i respiratornim poremecajem. Integrirana neuroloska, respiratorna i toksikoloska procjena
moze bolje usmjeriti individualizirano zbrinjavanje di$nog puta od same koncentracije
alkohola u krvi. Potrebne su vece prospektivne multicentri¢ne studije.

Kljuc¢ne rijedi: benzodiazepini; endotrahealna intubacija; intoksikacija alkoholom;
istodobna ingestija opioida; koma; respiratorna depresija; zbrinjavanje disnog puta.

Introduction

Published under the Creative Commons
Attribution 4.0 International License

https://creativecommons.org/licenses/by/4.0

Acute alcohol intoxication is a common toxicological
emergency, and severe poisoning may cause profound
neurological impairment, respiratory depression,
aspiration, coma, and death (1-3). Airway assessment is
particularly challenging because reduced consciousness
does not invariably correspond to ventilatory failure;
decisions should integrate Glasgow Coma Scale (GCS),
airway reflexes, respiratory effort, arterial blood gas
findings, and the anticipated clinical course (3,4,8). Co-
ingestion of benzodiazepines or opioids may intensify
central nervous system depression. Benzodiazepines
potentiate GABA-mediated sedation, whereas opioids
directly suppress brainstem respiratory drive and reduce
responsiveness to hypercapnia; combined exposure with
alcohol may therefore increase the risk of hypoventilation,
carbon dioxide retention, respiratory acidosis, and
airway intervention (5-7). Although acute alcohol
intoxication has been widely studied, few reports have
simultaneously evaluated neurological status, arterial
blood gas abnormalities, toxicological co-exposure,
and airway management according to the class of co-
ingested depressant within a single cohort of patients with
alcohol-related coma. The present study was designed to
address this gap. The aim of this study was to evaluate
respiratory depression among patients presenting with

alcohol-related coma and to investigate the impact of
concomitant opioid or benzodiazepine exposure on
respiratory compromise and clinical outcomes.

Co-intoxication with alcohol and opioids
or benzodiazepines increases the risk
of respiratory depression, hypercapnia,
respiratory acidosis, and the need for

endotracheal intubation.

The primary objective was to assess the association
between mixed intoxication and the need for
endotracheal intubation. Secondary objectives included
the evaluation of arterial blood gas abnormalities,
particularly hypercapnia and respiratory acidosis, as well
as in-hospital mortality by type of co-ingested central
nervous system depressant.

Materials and methods
Study Design and Setting

This retrospective observational cohort study was conducted
at the Clinical Toxicology Service of the University Hospital
Center “Mother Teresa” (QSUT), Tirana, Albania. Adult
patients admitted with alcohol-related coma between January
2023 and December 2025 were retrospectively identified
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through hospital medical records. The study was designed to
evaluate the impact of concomitant opioid or benzodiazepine
exposure on respiratory depression, airway intervention, and
short-term clinical outcomes in patients with severe acute
alcohol intoxication.

Study Population

Medical records of consecutive adult patients (=18 years)
admitted during the study period were reviewed. Eligible
patients had toxicologically confirmed acute alcohol intoxication
associated with clinically significant impairment of consciousness
requiring hospital admission and intensive monitoring. Alcohol-
related coma was operationally defined as acute severe depression
of consciousness predominantly attributable to ethanol after
exclusion of alternative causes, including traumatic brain
injury, stroke, hypoglycemia, sepsis, and primary neurological
disease, on the basis of clinical evaluation and routine emergency
investigations. A fixed GCS threshold was not required for
inclusion because airway risk in poisoning depends on respiratory
status, airway reflexes, aspiration risk, co-ingestion, and clinical
trajectory in addition to GCS. Patients with incomplete medical
records, unavailable arterial blood gas analysis, or missing
toxicological data were excluded.

A total of 48 patients fulfilled the eligibility criteria and were
included in the final analysis.

Exposure Classification

Patients were classified into three predefined exposure groups
according to toxicological findings and clinical documentation:
isolated alcohol intoxication, alcohol with concomitant
benzodiazepine exposure, and alcohol with concomitant opioid
exposure. Blood alcohol concentration (BAC) was measured
on admission using standard hospital laboratory procedures.
Identification of opioids and benzodiazepines was based on
routine toxicological screening performed during emergency
evaluation, together with the corresponding clinical findings.

Toxicological screening was performed on urine samples
collected at hospital admission using qualitative immunoassay-
based drugs-of-abuse assays on the Abbott ARCHITECT ¢8000
clinical chemistry platform. The screening panel included
benzodiazepines and opiates. The manufacturer-defined
qualitative cut-offs used by the laboratory were 300 ng/mL
for opiates, expressed as morphine equivalents, and 300 ng/
mL for benzodiazepines, expressed as oxazepam equivalents.
Confirmatory gas chromatography—mass spectrometry or liquid
chromatography-tandem mass spectrometry was not routinely
available. Results were therefore interpreted as evidence of
exposure rather than quantitative drug concentration. Potential
cross-reactivity, false-positive or false-negative findings, and
limited detection of some synthetic opioids were recognized
limitations of the screening methodology.

Clinical Assessment and Data Collection

Demographic characteristics, toxicological findings,
clinical variables, respiratory parameters, and in-hospital
outcomes were extracted from electronic medical records.

156

Demographic variables included age and sex. Neurological
status at presentation was evaluated using the Glasgow
Coma Scale (GCS), a validated instrument for assessing the
level of consciousness in critically ill patients. Neurological
assessment was performed immediately upon admission,
before therapeutic interventions, whenever feasible.

Available records regarding pre-hospital or emergency
department naloxone administration were also reviewed.
Naloxone administration was documented in eight patients
with opioid co-ingestion. The timing, dose, and immediate
clinical response were not consistently recorded; naloxone was
therefore summarized descriptively and was not included in
inferential analyses.

Respiratory function was assessed by arterial blood gas analysis
obtained at admission prior to definitive airway intervention
whenever clinically possible. Arterial pH and partial pressure
of arterial carbon dioxide (PaCO,) were selected as objective
markers of respiratory depression and ventilatory impairment
because hypercapnia and respiratory acidosis represent the
principal physiological consequences of central respiratory
suppression during severe alcohol intoxication and mixed
central nervous system depressant exposure.

Study Outcomes

The primary outcome of the study was the requirement for
endotracheal intubation during hospitalization. Decisions
regarding airway management were made by the treating
emergency and intensive care physicians according to routine
institutional practice, taking into consideration neurological
status, airway protective reflexes, respiratory effort, arterial
blood gas abnormalities, and the anticipated risk of respiratory
deterioration rather than relying solely on the Glasgow Coma
Scale, consistent with current evidence on airway management
in intoxicated patients. Secondary outcomes included
arterial blood gas abnormalities, particularly hypercapnia
and respiratory acidosis, as well as in-hospital mortality. No
predefined study protocol mandated intubation; consequently,
this physician-dependent outcome may also reflect local
practice variation and decision bias.

Statistical Analysis

Statistical analyses were performed using R statistical
software (R Foundation for Statistical Computing, Vienna,
Austria). Continuous variables were summarized as mean +
standard deviation. Categorical variables were summarized as
frequencies and percentages. Distributional assumptions were
assessed by graphical inspection and descriptive summary
statistics. The distributions of admission GCS, PaCO,, and
arterial pH were additionally presented using boxplots, in
which the horizontal line represents the median and the box
represents the interquartile range.

Comparisons among the three intoxication groups were
performed using one-way analysis of variance (ANOVA) for
continuous variables and the chi-square test or Fisher’s exact
test for categorical variables, as appropriate. Comparisons
between intubated and non-intubated patients were performed
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Table 1. Baseline demographic, neurological, and respiratory characteristics according to intoxication group.

. Alcohol only Alcohol + benzodiazepine Alcohol + opioid

Variable (n=25) (n=13) (n=10) P-value
Age, years 444 +12.1 46.2+14.0 473 +12.5 0.813
Male sex, n (%) 18 (72.0) 9(69.2) 9(90.0) 0.461
Blood alcohol concentration (mg/dL) |292.1 £ 53.9 291.9 £54.0 291.9£54.0 1.000
Glasgow Coma Scale 78+13 65+1.1 50+ 1.3 <0.001
Arterial pH 7.30 £ 0.06 7.26 £0.07 7.22+0.05 0.003
PaCO, (mmHg) 482+9.7 551122 62.0+15.0 0.008

Values are presented as mean + SD or number (%). Comparisons were performed using one-way ANOVA for continuous variables and y* or

Fisher’s exact test for categorical variables.

Table 2. Clinical outcomes according to intoxication group

Alcohol only AICOhOI. T Alcohol + opioid
Outcome benzodiazepine P-value
(n=25) (n=10)
(n=13)
Endotracheal intubation, n (%) 12 (48.0) 10 (76.9) 9(90.0) 0.031
In-hospital mortality, n (%) 0(0.0) 1(7.7) 1(10.0) 0.178

Values are presented as number (%). Comparisons were performed using Fisher’s exact test.

using Student’s #-test for continuous variables and the chi-
square or Fisher’s exact test for categorical variables.

To further investigate factors associated with endotracheal
intubation, sequential Firth-penalized logistic regression
models were constructed. Firth penalization was selected
because of the relatively small sample size, sparse subgroup
structure, and the possibility of quasi-complete separation.
Initial models evaluated the association between intoxication
group and airway intervention, whereas subsequent models
incorporated blood alcohol concentration and neurological
status (GCS). Covariates were restricted to a small number of
clinically selected variables. Model discrimination was assessed
using receiver operating characteristic (ROC) analysis and the
apparent area under the ROC curve (AUC). Given the limited
sample size and absence of internal or external validation, all
regression and AUC analyses were considered exploratory and
hypothesis-generating rather than confirmatory measures of
predictive performance.

All statistical tests were two-sided, and a p-value <0.05 was
considered statistically significant.

Results

Baseline Characteristics

A total of 48 patients with toxicologically confirmed alcohol-
related coma were included in the study. Of these, 25 patients
(52.1%) had isolated alcohol intoxication, 13 (27.1%) had
concomitant benzodiazepine exposure, and 10 (20.8%) had
concomitant opioid exposure.

Baseline demographic characteristics were comparable
across the three groups. No statistically significant differences
were observed in age, sex distribution, or blood alcohol

concentration, indicating similar levels of alcohol exposure at
presentation (Table 1).

In contrast, significant differences were identified in
neurological and respiratory parameters. Admission
Glasgow Coma Scale (GCS) scores progressively decreased
from patients with isolated alcohol intoxication to those with
benzodiazepine and opioid co-ingestion (p<0.001). Similarly,
arterial pH declined while PaCO, increased across exposure
groups, demonstrating progressively more severe respiratory
compromise in patients with mixed intoxication. Patients with
alcohol-opioid co-ingestion exhibited the lowest GCS scores,
the highest PaCO, values, and the lowest arterial pH values,
indicating the greatest degree of respiratory depression at
presentation (Figures 2-4).

Distribution of admission Glasgow Coma Scale (GCS) scores
in patients with isolated alcohol intoxication, alcohol-
benzodiazepine co-ingestion, and alcohol-opioid co-ingestion.
Boxes represent the interquartile range (IQR), the horizontal
line indicates the median, whiskers extend to 1.5 x IQR, and
individual points represent individual patients.

Distribution of admission arterial PaCO, values among the
three intoxication groups. Boxes represent the interquartile
range (IQR), the horizontal line indicates the median, whiskers
extend to 1.5 x IQR, and individual points represent individual
patients.

Distribution of admission arterial pH values among the three
intoxication groups. Boxes represent the interquartile range
(IQR), the horizontal line indicates the median, whiskers
extend to 1.5 x IQR, and individual points represent individual
patients. The dashed horizontal line indicates the predefined
threshold for severe respiratory acidosis (pH 7.25).
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Table 3. Characteristics of intubated and non-intubated patients

Variable Intubated (n=31) Non-intubated (n=17) P-value
Age, years 46.8 +£12.9 43.1+12.7 0.347
Male sex, n (%) 24 (77.4) 12 (70.6) 0.598
Blood alcohol concentration (mg/dL) 2942 £ 52.1 288.1 £ 56.7 0.703
Glasgow Coma Scale 59+1.5 82+1.0 <0.001
Arterial pH 7.24 £0.06 7.31 £0.05 <0.001
PaCO, (mmHg) 58.8+13.2 45.6 £8.1 <0.001

Continuous variables were compared using Student’s t-test and categorical variables using x* or Fisher’s exact test.

Clinical Outcomes

Clinical outcomes according to intoxication group are
summarized in Table 2.

Overall, 31 of 48 patients (64.6%) required endotracheal
intubation during hospitalization. The frequency of airway
intervention increased progressively according to the pattern
of intoxication, ranging from isolated alcohol intoxication
to alcohol-benzodiazepine and alcohol-opioid co-ingestion
(Figure 1). Patients with opioid co-ingestion demonstrated the
highest intubation rate, consistent with the greater severity of
neurological impairment and ventilatory dysfunction observed
at admission.

Percentage of patients requiring endotracheal intubation in the
three intoxication groups: isolated alcohol intoxication (12/25,
48.0%), alcohol-benzodiazepine co-ingestion (10/13,76.9%),
and alcohol-opioid co-ingestion (9/10, 90.0%).

Overall, in-hospital mortality was low (2/48, 4.2%). Both
deaths occurred in patients with mixed intoxication, whereas
no deaths were recorded among patients with isolated alcohol
intoxication. Although this difference did not reach statistical
significance, the observed pattern suggests greater clinical
severity in patients exposed to additional central nervous
system depressants.

Endotracheal intubation by intoxication group
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Figure 1. Endotracheal intubation rates according to intoxication
group.
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Naloxone administration was documented in eight patients, all
in the alcohol-opioid co-ingestion group. Because the timing,
dosage, and immediate clinical response were inconsistently
documented, no inferential analysis of naloxone response was
performed.

Respiratory Depression According to Intoxication
Pattern

Objective markers of respiratory function demonstrated a clear
gradient of increasing physiological impairment across the
three exposure groups.

Admission GCS decreased progressively in parallel with
worsening arterial blood gas abnormalities. Patients with
concomitant opioid exposure presented with the greatest
degree of hypercapnia and respiratory acidosis, whereas
patients with isolated alcohol intoxication showed the least
severe physiological abnormalities. Patients with alcohol-
benzodiazepine co-ingestion demonstrated intermediate
findings between these two groups.

The distribution of individual GCS, PaCO,, and arterial pH
values is illustrated in Figures 2—4. These data demonstrate a
consistent association between mixed intoxication, impaired
consciousness, progressive carbon dioxide retention, and
worsening respiratory acidosis.

Admission Glasgow Coma Scale by intoxication group
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Figure 2. Admission Glasgow Coma Scale according to the
intoxication group.
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Factors Associated with Endotracheal Intubation

To further characterize factors associated with airway
intervention, patients were stratified according to intubation
status (Table 3).

Compared with non-intubated patients, those requiring
endotracheal intubation presented with significantly
lower admission GCS scores, lower arterial pH values, and
substantially higher PaCO, concentrations. In contrast, age,
sex distribution, and blood alcohol concentration did not differ
significantly between the two groups.

These findings indicate that objective measures of neurological
depression and ventilatory impairment were more closely
associated with the need for endotracheal intubation than
demographic characteristics or blood alcohol concentration
alone.

Multivariable Analysis of Endotracheal Intubation

Exploratory Firth-penalized logistic regression was performed
to examine factors associated with endotracheal intubation.
Sequential adjustment demonstrated that neurological
impairment and respiratory dysfunction provided incremental
prognostic information beyond intoxication pattern and blood
alcohol concentration (Table 4).

After incorporating the Glasgow Coma Scale into the model,
the apparent AUC was 0.947 (95% CI 0.891-1.000). This
estimate represents unvalidated within-cohort discrimination
and may be inflated by overfitting because of the limited
sample size.

These exploratory findings require confirmation in larger
prospective cohorts with internal and external validation.

Discussion

This retrospective study suggests that concomitant central
nervous system depressants, particularly opioids, identify
patients with more severe neurological and respiratory
compromise despite comparable blood alcohol

Admission PaC02 by intoxicalion group
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Figure 3. Admission arterial partial pressure of carbon dioxide
(PaC0.,) according to intoxication group.

concentrations. The principal clinical interpretation
is not that intoxication pattern alone determines the
need for intubation, but that suspected co-exposure
should prompt integrated assessment of consciousness,
ventilatory status, arterial blood gas abnormalities, airway
reflexes, and the anticipated clinical course. Respiratory
depression remains one of the most clinically important
complications of severe acute alcohol intoxication and a
major determinant of morbidity in patients presenting
with impaired consciousness. Ethanol depresses central
nervous system activity through multiple neurochemical
mechanisms, thereby impairing airway-protective
reflexes, reducing arousal, and attenuating ventilatory
responsiveness (2). As intoxication progresses, these
effects may lead to hypoventilation, carbon dioxide
retention, and respiratory acidosis. In the present study,
mixed intoxication was associated with significantly
greater respiratory compromise than isolated alcohol
intoxication, as reflected by higher PaCO, levels and
lower arterial pH values. These observations support
the concept that respiratory dysfunction is a principal
mechanism linking mixed intoxication to adverse clinical
outcomes. Conzelmann et al. demonstrated that reduced
consciousness and increasing clinical severity were closely
associated with aspiration risk in patients with severe
acute alcohol intoxication, emphasizing the importance
of comprehensive airway assessment (4).

Airway management should be
guided by the overall clinical picture,
including consciousness, ventilatory
status, airway reflexes, and arterial
blood gas abnormalities, rather than
neurological status or blood alcohol

concentration alone.

Admission artenal pH by intoxication group

Arterial pH

Figure 4. Admission arterial pH according to intoxication group.
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Table 4. Multivariable Firth penalized logistic regression models for predictors of endotracheal intubation

Model Variable Adjusted OR 95% CI P-value
Model A (Unadjusted) Alcohol-opioid co-ingestion 464| 0.92-46.36 0.064
Model B (BAC-adjusted) Alcohol-opioid co-ingestion 459 | 0.92-45.61 0.064
Blood alcohol concentration (per mg/dL) 1.00 0.99-1.01 0.934
Model C (Severity-adjusted) | Alcohol-opioid co-ingestion 0.02| <0.01-1.04 0.053
Admission Glasgow Coma Scale (per 1-point increase) 0.08| <0.01-0.33 <0.001
Blood alcohol concentration (per mg/dL) 1.00 0.98-1.02 0.916

*Multivariable Firth-penalized logistic regression models evaluating factors associated with endotracheal intubation. Model A examined the
unadjusted association between opioid co-ingestion and endotracheal intubation. Model B additionally adjusted for blood alcohol concentration
(BAC), whereas Model C further incorporated admission Glasgow Coma Scale (GCS) to assess whether the association persisted after accounting for
neurological severity. Odds ratios (ORs) are presented with 95% confidence intervals (CIs). Firth-penalized logistic regression was applied to reduce
small-sample bias and improve parameter estimation in the presence of sparse data. Because of the small cohort and wide confidence intervals,
these models are presented as exploratory and should not be interpreted as a validated prediction model.

Model discrimination. The apparent area under the receiver operating characteristic curve (AUC) was 0.635 for Model A and 0.947 for Model C.

Although incorporation of neurological severity produced marked within-cohort separation, the high apparent AUC is likely optimistic in this small
sample and may reflect model overfitting. No internal or external validation was performed; therefore, these values should not be interpreted as

validated predictive performance.

Similarly, Sauter et al. reported that decisions regarding
endotracheal intubation should not rely solely on
neurological status but should incorporate the overall
clinical presentation (3). Our findings reinforce this
multidimensional approach, showing that objective
indicators of ventilatory impairment closely paralleled
increasing clinical severity across the exposure groups.
Together, these observations suggest that arterial blood
gas analysis provides clinically relevant information
beyond neurological assessment alone and may
facilitate early recognition of patients at increased risk
of respiratory deterioration and the need for advanced

ROC curve; apparent AUC = (.635
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Figure 5. Receiver operating characteristic (ROC) curve of the
unadjusted logistic regression model (Model A) evaluating the
association between opioid co-ingestion and endotracheal
intubation. The apparent area under the curve (AUC) was 0.635,
indicating modest discriminative ability prior to adjustment for
clinical severity.
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airway management. This integrated approach is
consistent with contemporary recommendations for the
evaluation of poisoned patients, in which neurological
examination, respiratory physiology, and toxicological
assessment are considered complementary rather than
isolated determinants of airway management decisions
(12,16).

One of the principal findings of the present study was the
substantially greater respiratory compromise observed
among patients with concomitant opioid exposure.
Compared with both isolated alcohol intoxication and
alcohol-benzodiazepine co-ingestion, patients in the
opioid group exhibited the highest PaCO, values, the
lowest arterial pH levels, and the greatest frequency of
endotracheal intubation. Although the retrospective
nature of the study precludes causal inference, these
findings are biologically plausible and consistent with the
established mechanisms of opioid-induced respiratory
depression. Activation of p-opioid receptors within
brainstem respiratory centers suppresses respiratory drive,
decreases ventilatory responsiveness to hypercapnia, and
promotes progressive carbon dioxide retention (6).

When combined with alcohol, which independently
depresses central nervous system function, these
pharmacological effects may become synergistic,
resulting in more profound impairment of consciousness
and respiratory function than either agent alone (5).
Our observations are consistent with previous reports
demonstrating increased morbidity and mortality
associated with concurrent exposure to opioids, alcohol,
and other sedative agents (5,7). Tori et al. reported that
alcohol and benzodiazepines were frequently involved in
opioid-related overdose deaths, highlighting the clinical
relevance of mixed intoxication in routine practice (7).
Although mortality was uncommon in our cohort, all
in-hospital deaths occurred in patients with mixed
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Figure 6. Receiver operating characteristic (ROC) curve of the
severity-adjusted logistic regression model.

intoxication, supporting the concept that concomitant
exposure to additional central nervous system depressants
is associated with greater clinical severity. Moreover, the
progressive decline in GCS, accompanied by increasing
hypercapnia and worsening respiratory acidosis observed
in the opioid group, suggests a continuum of physiological
deterioration preceding the need for advanced airway
intervention. These findings emphasize the importance of
early recognition of opioid co-ingestion, close respiratory
monitoring, and timely arterial blood gas assessment in
patients presenting with alcohol-related coma, as these
objective physiological markers may facilitate early
identification of individuals at increased risk of respiratory
decompensation and endotracheal intubation. Although
the respiratory effects of benzodiazepines are generally
less pronounced than those associated with opioids,
their concomitant use with alcohol remains clinically
important. Benzodiazepines potentiate y-aminobutyric
acid (GABA)-mediated inhibitory neurotransmission,
the same neurochemical pathway through which ethanol
exerts many of its sedative effects (14,15).

As a result, concurrent exposure may produce
enhanced central nervous system depression, greater
impairment of consciousness, and reduced protective
airway reflexes compared with alcohol intoxication
alone. This pharmacodynamic interaction represents a
well-recognized mechanism underlying the increased
clinical severity frequently observed in mixed alcohol-
benzodiazepine intoxication. In the present cohort,
patients with alcohol-benzodiazepine exposure
demonstrated greater neurological and respiratory
impairment than those presenting with isolated
alcohol intoxication, although the magnitude of these
abnormalities remained less pronounced than that
observed among patients with opioid co-ingestion.
This finding is consistent with current pharmacological

understanding. While benzodiazepines may contribute
substantially to sedation and impairment of airway
protective mechanisms, they generally exert a less
profound direct effect on ventilatory drive than opioids
(5,15).

Consequently, respiratory compromise in alcohol-
benzodiazepine intoxication is often mediated through
a combination of reduced consciousness, impaired
airway protection, and secondary hypoventilation rather
than severe primary respiratory suppression. From a
clinical perspective, these observations emphasize that
alcohol-benzodiazepine intoxication should not be
regarded as a benign condition. Even in the absence of
profound hypercapnia, patients may remain vulnerable
to aspiration, airway obstruction, and progressive
deterioration of mental status. Previous studies have
highlighted the risks associated with concurrent exposure
to alcohol and benzodiazepines, particularly when
additional sedative agents are present (5,7,12).

Our findings support the need for careful monitoring of
this patient population and reinforce the importance of
considering co-ingested substances when assessing the
severity of alcohol-related coma. The management of the
airway in patients presenting with alcohol-related coma
remains one of the most challenging aspects of emergency
and critical care practice. Although endotracheal
intubation is frequently performed to protect the airway
and ensure adequate ventilation, the optimal criteria for
intervention remain controversial. Historically, a Glasgow
Coma Scale score below 8 has often been regarded as an
indication of the need for airway protection. However,
accumulating evidence suggests that neurological
assessment alone may not adequately identify patients
at risk of respiratory deterioration (3,9,11).

Intubated patients had significantly
lower arterial pH and higher PaCOz,
highlighting the importance of objective
ventilatory abnormalities in airway
decision-making.

Our findings support a more comprehensive approach
to airway evaluation. Patients who underwent
endotracheal intubation had significantly lower GCS
scores, lower arterial pH values, and substantially higher
PaCO;, levels than nonintubated patients. Importantly,
these observations suggest that objective evidence of
ventilatory impairment contributed to clinical decision-
making beyond the degree of impaired consciousness
alone. Similar conclusions have been reported by Sauter
et al., who observed that intubation practices in acute
alcohol intoxication were influenced by the overall
clinical presentation rather than GCS alone (3). Because
intubation was determined by treating physicians rather
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than by a study protocol, the observed associations may
partly reflect local practice patterns and decision bias.

Likewise, Donald and colleagues identified several clinical
factors beyond neurological status that were associated
with the need for rapid sequence intubation in poisoned
patients (9). Collectively, previous studies support the
concept that airway management in acute poisoning should
be guided by the overall clinical presentation rather than by
a single neurological threshold (3,4,9,11,12). Conzelmann
et al. demonstrated a close relationship between impaired
consciousness and aspiration risk in severe alcohol intoxication
(4), whereas Burket et al. emphasized the complexity of airway
management decisions and the limitations of relying on a single
clinical variable when determining the need for intubation
(11). More recently, Freund et al. showed that carefully selected
poisoned patients with impaired consciousness could be
managed without immediate intubation under close clinical
supervision, further supporting an individualized approach
to airway management (12). Our findings are consistent with
this evidence and suggest that airway management in alcohol-
related coma should integrate neurological examination,
respiratory assessment, and overall clinical status. In this
context, arterial blood gas analysis appears to be a valuable
adjunct, providing objective evidence of ventilatory failure
and facilitating early identification of patients at increased
risk of respiratory decompensation. Such a multidimensional
assessment strategy is increasingly recommended in
contemporary toxicology practice because no single clinical
variable adequately captures the complexity of poisoning-
related respiratory failure (12,16).

Early clinical assessment should
integrate neurological status,
respiratory physiology, and toxicological
exposure to better identify patients at
risk of clinical deterioration.

The multivariable analyses further reinforce the importance
of objective clinical assessment. Adjustment for blood
alcohol concentration did not materially alter the association
between intoxication pattern and endotracheal intubation,
indicating that ethanol concentration alone provides limited
information regarding immediate clinical risk. In contrast,
admission Glasgow Coma Scale score remained the strongest
independent correlate of airway intervention, supporting
the concept that clinical decision-making should be guided
primarily by neurological and physiological status rather
than blood alcohol concentration alone. These observations
are consistent with previous reports demonstrating that the
clinical manifestations of alcohol intoxication are determined
not only by ethanol exposure but also by concomitant central
nervous system depressants and individual physiological
susceptibility. Accordingly, early assessment that integrates
a neurological examination and arterial blood gas analysis
may provide greater clinical value than reliance on ethanol
concentration alone.
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The apparent improvement in model discrimination after
incorporating clinical severity variables should be interpreted
with particular caution. With only 48 patients and small
exposure subgroups, the AUC of 0.947 may substantially
overestimate performance because of model overfitting.
Formal internal validation was not feasible, and the reported
discrimination therefore represents apparent rather than
validated model performance. These analyses are exploratory
and hypothesis-generating and require confirmation in larger
prospective multicentre studies before clinical implementation.

Clinical Implications and Future Directions

The findings of the present study have several practical
implications for clinicians managing patients with alcohol-
related coma. First, they emphasize the importance of actively
identifying concomitant opioid or benzodiazepine exposure
during the initial assessment of patients presenting with
impaired consciousness, as mixed intoxication was consistently
associated with greater neurological and respiratory
compromise. Second, the observed association between
hypercapnia, respiratory acidosis, and endotracheal intubation
supports the routine integration of respiratory assessment,
including arterial blood gas analysis, into the evaluation of
severely intoxicated patients. Finally, these findings reinforce
the need for individualized airway management strategies that
integrate neurological examination, respiratory physiology,
and overall clinical status rather than relying exclusively
on consciousness scores. Future prospective multicentre
studies involving larger patient populations are warranted to
externally validate these findings and further define the role
of physiological markers such as PaCO, and arterial pH in
predicting clinically relevant outcomes in alcohol-related coma.

Interpretation of Comparative Literature

As summarized in Table 5, the available evidence consistently
supports the importance of respiratory dysfunction and
individualized airway management in patients with severe
alcohol intoxication and poisoning. The findings of the
present study are broadly consistent with previous reports
while extending current knowledge by demonstrating a clear
gradient of neurological impairment, hypercapnia, respiratory
acidosis, and endotracheal intubation across isolated alcohol
intoxication, alcohol-benzodiazepine co-ingestion, and
alcohol-opioid co-ingestion. By integrating toxicological
exposure, neurological assessment, arterial blood gas analysis,
and airway intervention within a single cohort, the present
study provides additional evidence that objective respiratory
and neurological parameters may offer greater clinical value
than blood alcohol concentration alone when assessing
patients with alcohol-related coma.

Limitations

This study has several limitations that should be considered
when interpreting the findings. First, its retrospective single-
center design introduces the possibility of selection and
referral bias, as patients admitted to a tertiary intensive care
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Table 5. Comparison of the Present Findings with Previous Studies

Study Design Population Principal Findings Relation to Present Findings
Retrospective Acute alcohol Intubation decisions should not | Supports multidimensional
Sauter et al., 2020 pectiv e Y § B “pP Y '
cohort intoxication rely solely on GCS. airway assessment.
T . Consistent with the observed
. Aspiration risk increased with - .
Conzelmann et | Retrospective Severe acute alcohol . . association between respiratory
S declining consciousness and L .
al., 2021 cohort intoxication . . impairment and airway
clinical severity. . .
intervention.
. . . Multiple clinical variables Supports comprehensive clinical
Donald et al., Retrospective Poisoned patients P . PP P .
. influenced the need for rapid assessment beyond neurological
2009 study with reduced GCS . .
sequence intubation. status alone.
. Airway management should be . NPT .
. . Ph tical T, Reinf dividualized
Burket et al., 2021 | Narrative review | oot individualized rather than based citorces Iclvicua fzec atrway
poisoning . . . management strategies.
on a single clinical variable.
Selected patients may be
. . . Supports individualized airwa
Freund et al., Randomized Acutely poisoned safely managed without PP Y
. . . N . management based on overall
2023 clinical trial comatose patients routine intubation under close ..
L clinical assessment.
monitoring.
Opioid-induced . . .| Explains th ter h i
. ploi-nduce Opioids suppress ventilatory drive Xprains the greater fiypercapiia
Algera et al., 2019 | Review respiratory . and respiratory acidosis observed
. and promote hypercapnia. . . . .
depression in the opioid co-ingestion group.
Combined opioid- | Combined CNS depressants Supports the greater clinical
Gudin et al., 2013 | Review benzodiazepine- markedly increase the risk of severity associated with mixed
alcohol exposure respiratory depression. intoxication.
. - Alcohol and benzodiazepines Consistent with the greater
. Population- Opioid overdose . . .o
Tori et al., 2020 frequently contribute to fatal severity observed in mixed
based study deaths . L
opioid overdoses. intoxication.
Neurological and respirator Supports the association between
Brandenburg et - . . | CUro o8t respiatory “ppor . .
al. 2017 Prediction model | Intoxicated patients | impairment predict severe clinical | respiratory compromise and
i outcomes. endotracheal intubation.
Mixed intoxication, particularl . . .
Lxec IONICALON, PArICUiarY | provides an integrated evaluation
opioid co-ingestion, was associated . .
. . of toxicological exposure,
. . with greater neurological . ;
. 48 patients with Lo s . neurological status, arterial blood
Retrospective impairment, hypercapnia, -, .
Present study alcohol-related . S . gas abnormalities, and airway
cohort respiratory acidosis, and higher ISR
coma . . management within a single
endotracheal intubation rates . .
. cohort of patients with alcohol-
despite comparable blood alcohol
. related coma.
concentrations.

unit may not be representative of the broader population with
acute alcohol intoxication. Second, the relatively small sample
size, particularly within the mixed-intoxication subgroups,
limited statistical power and constrained the complexity of
multivariable analyses despite the use of Firth-penalized
logistic regression. Third, toxicological confirmation relied
primarily on qualitative urine immunoassays, which may
yield false-positive or false-negative results, are affected by
cross-reactivity and sampling time, and may not detect some
synthetic opioids. Fourth, endotracheal intubation was a
physician-dependent outcome based on institutional practice;
variability in clinical judgment and decision bias cannot be
excluded. Fifth, several potentially relevant confounders,
including chronic respiratory disease, chronic alcohol
dependence, body mass index, aspiration events, and pre-
hospital interventions, were not consistently available. The
timing, dose, and immediate clinical response to naloxone were

also incompletely documented. Finally, the prediction models
were not internally or externally validated; the apparent AUC of
0.947 may be optimistic because of overfitting. Accordingly, the
findings should be interpreted as hypothesis-generating and
require external validation before routine clinical application.

Conclusions

In this retrospective cohort of patients with alcohol-related
coma, concomitant opioid and benzodiazepine exposure
was associated with greater neurological and respiratory
impairment than isolated alcohol intoxication, with opioid
co-ingestion showing the most severe physiological profile.
Because of the small sample and exploratory analyses, these
associations should not be interpreted as a validated prediction
rule. The findings support early toxicological screening and
prompt arterial blood gas analysis in patients presenting
with alcohol-related coma to facilitate individualized airway
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management, while confirmation in larger prospective
multicentre studies is required.

Conflict of Interest

The authors declare no conflicts of interest relevant to the
content of this study.

Funding
This research received no external funding.
Ethics Approval

This retrospective observational study was conducted
using anonymized clinical data obtained from the Clinical
Toxicology Service of the University Hospital Center “Mother
Teresa” (QSUT), Tirana, Albania. The study was performed
in accordance with the ethical principles of the Declaration
of Helsinki and was approved by the appropriate institutional
ethics committee. Due to the retrospective nature of the study
and the use of anonymized patient data, the requirement for
informed consent was waived.

References

1. World Health Organization. Global status report on alcohol and health and
treatment of substance use disorders 2024. Geneva: World Health Organization;
2024.

2. Mirijello A, Sestito L, Antonelli M, Gasbarrini A, Addolorato G. Identification
and management of acute alcohol intoxication. Eur ] Intern Med. 2023; 108:1-8.
doi: 10.1016/j.€jim.2022.08.013.

3. Sauter TC,Ronz K, Hirschi T, Lehmann B, Exadaktylos AK, Hautz WE. Intubation
in acute alcohol intoxications at the emergency department. Scand ] Trauma
Resusc Emerg Med. 2020;28(1):11. doi:10.1186/s13049-020-0707-2.

4. Conzelmann M, Hoidis A, Bruckner T, Popp E, Koschny R. Aspiration risk in
relation to Glasgow Coma Scale score and clinical parameters in patients with

severe acute alcohol intoxication: a single-centre retrospective study. BMJ Open.
2021;11(10). doi:10.1136/bmjopen-2021-053619.

164

10.

11.

12.

13.

14.

15.

16.

Gudin JA, Mogali S, Jones JD, Comer SD. Risks, management, and monitoring
of combination opioid, benzodiazepine, and/or alcohol use. Postgrad Med.
2013;125(4):115-130. doi:10.3810/pgm.2013.07.2684.

Algera MH, Kamp J, van der Schrier R, van Velzen M, Niesters M, Aarts L et al.
Opioid-induced respiratory depression in humans: a review of pharmacokinetic-
pharmacodynamic modelling of reversal. Br ] Anaesth. 2019;122(6). doi:
10.1016/j.bja.2019.03.009.

Tori ME, Larochelle MR, Naimi TS. Alcohol or benzodiazepine co-involvement
with opioid overdose deaths in the United States, 1999-2017. JAMA Netw Open.
2020;3(4). doi:10.1001/jamanetworkopen.2020.2361.

Brandenburg R, Brinkman S, de Keizer NE Kesecioglu ], Meulenbelt J, de Lange
DW. The need for ICU admission in intoxicated patients: a prediction model. Clin
Toxicol (Phila). 2017;55(1):4-11. doi:10.1080/15563650.2016.1222616.

Donald C, Duncan R, Thakore S. Predictors of the need for rapid sequence
intubation in the poisoned patient with reduced Glasgow Coma Score. Emerg
Med J. 2009;26(7):510-512. doi:10.1136/em.2008.064998.

Ronz K, Exadaktylos AK, Sauter TC. Predictors of high resource consumption
in alcohol-intoxicated patients in the emergency department. Int ] Environ Res
Public Health. 2020;17(11):4122. doi:10.3390/ijerph17114122.

Burket GA, Horowitz BZ, Hendrickson RG, Beauchamp GA. Endotracheal
intubation in the pharmaceutical-poisoned patient: a narrative review of the
literature. ] Med Toxicol. 2021;17(1):61-69. doi:10.1007/s13181-020-00779-3.

Freund Y, Viglino D, Cachanado M, Cassard C, Montassier E, Douay B, et al. Effect
of noninvasive airway management of comatose patients with acute poisoning:
a randomized clinical trial. JAMA. 2023;330(23):2267-74. doi:10.1001/
jama.2023.24391.

Strayer RJ, Friedman BW, Haroz R, Ketcham E, Klein L, LaPietra AM et al.
Emergency department management of patients with alcohol intoxication,
alcohol withdrawal, and alcohol use disorder: a white paper prepared for the
American Academy of Emergency Medicine. ] Emerg Med. 2023;64(4):517-540.
doi:10.1016/j.jemermed.2023.01.010.

Gaudreault P, Guay J, Thivierge RL, Verdy I. Benzodiazepine poisoning: clinical
and pharmacological considerations and treatment. Drug Saf. 1991;6(4):247-265.
doi:10.2165/00002018-199106040-00003.

Tanaka E. Toxicological interactions between alcohol and benzodiazepines. |
Toxicol Clin Toxicol. 2002;40(1):69-75. doi:10.1081/CLT-120002886.
Azharuddin S, Ogbebor O, Shuster M, Smith B, Arshad H, Cheema T.
Toxicological emergencies. Crit Care Nurs Q. 2023;46(1):82-99. doi:10.1097/
CNQ.0000000000000439.



Journal of the Croatian Society of Emergency Medicine

September 2026, Volume 2, Number 5, PP 149-223

ORIGINAL ARTICLE / 1ZVORNI ZNANSTVENI CLANAK

PREHOSPITAL DELAY IN ACUTE
I[SCHEMIC STROKE: RETROSPECTIVE
OBSERVATIONAL COHORT STUDY

KASNJENJE U IZVANBOLNICKOM ZBRINJAVANJU
AKUTNOG ISHEMIJSKOG UDARA: RETROSPEKTIVNA

OPSERVACIJSKA KOHORTNA STUDIJA

*Zeljka Dragila Tomasié'2, Anamaria Mikol&i¢ Lackovi¢', Lea Marsié2?,
Eleonora Struiji¢?, Jelena Kovacevic¢?*, Dragana Bekic®
https://doi.org/10.64266/amu.2.5.2

Abstract

Objective: To identify factors associated with prehospital delay in patients with acute
ischemic stroke and evaluate their implications for timely access to reperfusion therapies
within a regional healthcare setting.

Patients and methods: This retrospective observational cohort study included 200
consecutive patients with acute ischemic stroke who presented to the Emergency
Department of the University Hospital Centre Osijek during a three-month period. Early
presentation was defined as arrival within 360 minutes from symptom onset. Patients with
transient ischemic attack were excluded.

Results: Overall, 38.5% of patients presented within 360 minutes. In univariable analysis,
early presentation was significantly associated with atrial fibrillation and a higher National
Institutes of Health Stroke Scale (NIHSS) score, while wake-up stroke was strongly
associated with delayed presentation. In multivariable analysis, a higher NIHSS score
remained independently associated with early presentation (adjusted odds ratio [aOR]
1.11 per point increase, 95% confidence interval [CI] 1.04-1.18; P=0.001), while wake-up
stroke was independently associated with delayed presentation (aOR 0.13,95% CI 0.04-0.48;
P=0.002). Early presenters were significantly more likely to receive reperfusion therapies.

Conclusion: Stroke severity is the main determinant of early hospital presentation, whereas
wake-up stroke is strongly associated with delayed presentation. These findings highlight
actionable targets for reducing delays. Public health strategies should emphasize recognition
of mild or transient stroke symptoms and promote immediate activation of emergency
medical services with the potential to improve access to reperfusion therapies and reduce
the population burden of stroke.

Key words: atrial fibrillation; early diagnosis; health education; ischemic stroke

Sazetak

Cilj: Ispitati ¢cimbenike povezane s izvanbolnickim kasnjenjem u zbrinjavanju bolesnika s
ishemijskim mozdanim udarom te procijeniti njihove implikacije za pravovremeni pristup
reperfuzijskom lije¢enju u regionalnom zdravstvenom sustavu.

Ispitanici i metode: U ovo retrospektivno opservacijsko kohortno istrazivanje ukljuceno
je 200 uzastopnih bolesnika s akutnim ishemijskim mozdanim udarom koji su se javili
u Objedinjeni hitni bolnicki prijam Klini¢kog bolnickog centra Osijek u razdoblju od tri
mjeseca. Rani dolazak definiran je kao dolazak unutar 360 minuta od pocetka simptoma.
Bolesnici s tranzitornom ishemijskom atakom iskljuceni su iz istrazivanja.
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Rezultati: Ukupno je 38,5 % bolesnika do$lo unutar 360 minuta. U univarijatnoj analizi
rani dolazak bio je znacajno povezan s fibrilacijom atrija i vi$im i vi$im rezultatom na
ljestvici mozdanog udara Nacionalnog instituta za zdravlje (engl. National Institutes of
Health Stroke Scale, NIHSS), dok je mozdani udar pri budenju (engl. wake-up stroke)
bio povezan s kasnijim dolaskom. U multivarijatnoj analizi visi NIHSS ostao je neovisno
povezan s ranim dolaskom (prilagodeni omjer izgleda [aOR] 1,11 po porastu za jedan bod,
95 % interval pouzdanosti [CI] 1,04-1,18; P=0,001), dok je moZdani udar pri budenju bio
neovisno povezan s kasnijim dolaskom (aOR 0,13,95 % CI 0,04-0,48; P=0,002). Bolesnici
koji su dosli ranije znacajno su ¢esce primili reperfuzijsko lijecenje.

Zakljucak: Tezina mozdanog udara glavni je cimbenik ranog dolaska u bolnicu, dok
je mozdani udar pri budenju snazno povezan s kasnijim dolaskom. Ovi rezultati upucuju
na potencijalne ciljeve intervencija usmjerenih na smanjenje kasnjenja. Javnozdravstvene
strategije trebale bi naglasiti vaznost prepoznavanja blagih ili prolaznih simptoma mozdanog
udara te promicati brzu aktivaciju hitnih medicinskih sluzbi, s potencijalom poboljsanja

pristupa reperfuzijskom lije¢enju i smanjenju populacijskog tereta mozdanog udara.

Klju¢ne rijedi: fibrilacija atrija; ishemijski mozdani udar; rana dijagnoza; zdravstvena

edukacija

Introduction

Stroke is the leading cause of disability and the second
leading cause of death in the world, with ischemic stroke
accounting for the majority of the cases. According to
current predictions, one in four people will have a stroke
during their lifetime (1,2). It has been clearly confirmed that
timely administration of reperfusion therapies — intravenous
thrombolysis and mechanical thrombectomy - significantly
improves the chances of a favourable functional outcome and
reduces mortality compared to standard stroke treatment (3,4).
Differences in their availability and strict time constraints
present limitations in achieving their full potential (5). About
35% of stroke patients could potentially be treated with these
advanced methods, but in practice, the number revolves
around 8-10% due to untimely recognition of stroke symptoms
and delayed hospital arrival (6). Prehospital delay therefore
represents a major barrier to optimal stroke care and a
significant public health challenge, contributing to preventable
disability and increased healthcare burden.

The reasons for delayed recognition and seeking emergency
medical help are multiple and include insufficient knowledge
of stroke symptoms, misattribution of symptoms to
benign conditions, fear or denial of the disease, as well as
organizational and logistical obstacles such as geographical
distance, lack of transportation or absence of witnesses to the
event (7-12).

Prehospital delay remains a major
barrier to timely reperfusion therapy in
acute ischemic stroke.

Although the association between stroke severity, wake-up
stroke and hospital arrival time has been described previously,
region-specific evidence remains important because
prehospital delay is strongly influenced by local healthcare
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organization, EMS coverage, geography, public awareness and
referral pathways. Data from Croatia and comparable regional
healthcare systems are limited (13-15). Therefore, evaluating
these determinants in a Croatian regional stroke-care setting
may help identify whether established predictors also apply
locally and whether specific system-level patterns, such as
rural-urban differences or access to reperfusion therapies,
require targeted intervention.

The aim of this study was to identify factors associated with
prehospital delay in patients with acute ischemic stroke in a
regional healthcare setting and to evaluate their implications
for improving timely access to reperfusion therapies.

Materials and methods
Study design

A retrospective observational cohort study was conducted at
the Emergency Department of the University Hospital Centre
Osijek, a regional stroke care provider within the Croatian
healthcare system. The study was approved by the Ethics
Committee of the Faculty of Medicine Osijek of the Josip
Juraj Strossmayer University in Osijek (Approval number:
602-04/23-08/03; 2158-61-46-23-145) and conducted in
accordance with the Declaration of Helsinki. The requirement
for informed consent was waived due to the retrospective
design of the study and the use of anonymized clinical data.

Patients

The study included 200 consecutive patients aged > 18
years and diagnosed with acute ischemic stroke who were
examined at the Emergency Department of the University
Hospital Centre Osijek between 1 March 2022 and 31 May
2022. Patients with transient ischemic attack were excluded.

Methods

Data were retrieved from the hospital information system,
including patient 's age, sex, place of residence and pre-existing



Journal of the Croatian Society of Emergency Medicine

September 2026, Volume 2, Number 5, PP 149-223

comorbidities (hypertension, diabetes mellitus, atrial
fibrillation, smoking status, coronary artery disease and
previous stroke).

Patients were categorized by place of residence as either rural
or urban. This classification was based on data from the
Croatian Bureau of Statistics and the current administrative
divisions of the Republic of Croatia (16).

Stroke severity was assessed using the National Institutes
of Health Stroke Scale (NIHSS). It was defined by NIHSS as
follows: 0 — no stroke symptoms, 1 to 4 — minor stroke, 5 to
15 — moderate stroke, 16 to 20 — moderate to severe stroke and
21 to 42 — severe stroke.

The time elapsed since the first appearance of stroke symptoms,
i.e.,“last-seen-well’, was recorded. Patients were divided into
two groups: those who presented early (time elapsed <360
minutes) and those who presented late (>360 minutes).
The 360-minute cutoff was chosen as a pragmatic threshold
reflecting timely access to acute stroke evaluation and potential
reperfusion pathways in a regional stroke network. However,
we acknowledge that this threshold is broader than the
conventional therapeutic window for intravenous thrombolysis
and does not necessarily indicate optimal eligibility for all
reperfusion therapies. Wake-up stroke was defined as stroke
symptoms first noticed at awakening, with an unknown exact
onset time. The primary outcome of interest was early hospital
presentation (<360 minutes from symptom onset), reflecting
timely access to acute stroke care. Data were also collected
on whether intravenous thrombolysis and/or mechanical
thrombectomy were performed. A composite treatment
variable, defined as receipt of any reperfusion therapy,
was created to include patients who received intravenous
thrombolysis, mechanical thrombectomy or both treatments.
An in-hospital outcome was defined as discharge home or in-
hospital death.

Statistical analysis

Categorical data were represented as absolute and relative
frequencies. Numerical data were described using the
median and the limits of the interquartile range. Differences
in categorical variables were tested with the y2-test. The
normality of the distribution of numerical variables was
tested with the Shapiro-Wilks test. Differences in numerical
variables between two independent groups were tested with
Mann-Whitney U test. Univariate logistic regression was
used to analyse the association of individual variables with
the outcome. Multivariable logistic regression analysis was
subsequently conducted to identify independent factors
associated with early presentation. Variables were selected a
priori based on clinical relevance and potential confounding,
including age, sex, NIHSS, atrial fibrillation, wake-up stroke
and place of residence. Results are presented as odds ratios
(ORs) for univariable analysis and adjusted odds ratios (aORs)
for multivariable analysis with associated 95% confidence
interval (CI). No missing data were observed for the analysed
variables. All P values were two-sided. The significance level

was set at Alpha = 0.05. The statistical analyses were performed
with MedCalc® Statistical Software version 20.026 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.org;
2022).

Results

A total of 200 patients were included in the study. The median
age was 73 years (interquartile range 66-82 years). There
were 97 (48.5%) patients from rural areas, while 103 (51.5%)
lived in urban areas. History of atrial fibrillation was present
in 53 (26.5%) patients, while stroke recurrence occurred in
51 (25.5%). With regard to the time elapsed since the onset
of stroke symptoms, 77 (38.5%) patients reported within
360 minutes of the onset of symptoms, while 123 (61.5%)
patients presented late. Overall, 19 patients (9.5%) received
intravenous thrombolysis and 15 patients (7.5%) underwent
mechanical thrombectomy. Ten patients (5.0%) received both
intravenous thrombolysis and mechanical thrombectomy as
bridging therapy. In total, 24 patients (12.0%) received at least
one reperfusion therapy, defined as intravenous thrombolysis
and/or mechanical thrombectomy. Overall, 176 patients (88%)
were discharged home, whereas 24 patients (12%) died during
their hospital stay (Table 1).

Table 1. Baseline demographic and clinical characteristics

of stroke patients

N (%)

Gender Male 101 (50.5)
Female 99 (49.5)

Place of residence | Rural 97 (48.5)
Urban 103 (51.5)

Comorbidities Hypertension 172 (86)
Diabetes mellitus 66 (33)

Atrial fibrillation 53 (26.5)

Hyperlipidaemia 90 (45)

Coronary artery disease 54 (27)

Smoker 44 (25.1)

Recurrent stroke 51 (25.5)

Wake up stroke 32(16)
NIHSS 0 6(3)
1-4 86 (43)

5-15 92 (46)

16-20 12 (6)

21-42 4(2)

Last known well | <360 minutes 77 (38.5)
>360 minutes 123 (61.5)

Treatment Thrombolysis 19 (9.5)
Mechanical thrombectomy 15(7.5)

Outcome Discharged home 176 (88)
Death 24 (12)

Total 200 (100)

NIHSS = National Institutes of Health Stroke Scale
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Table 2. Comparison of demographic, clinical and stroke severity factors in early vs. late presenting stroke patients

<360 minutes >360 minutes
Last known well P
N (%) N (%)
Male 39 (38.6) 62 (61.4)
Gender Female 38 (38.4) 61 (61.6) 097
, Rural 38 (39.2) 59 (60.8)
Place of residence Urban 38(369) 65 (63.1) 0.82
Hypertension 64 (37.2) 108 (62.8) 0.35
Diabetes mellitus 24 (36.4) 42 (63.6) 0.66
Atrial fibrillation 28 (52.8) 25 (47.2) 0.01
Comorbidities Hyperlipidaemia 36 (40) 54 (60) 0.69
Coronary artery disease 24 (44.4) 30 (56.6) 0.29
Smoker 14 (31.8) 30 (68.2) 0.4
Recurrent stroke 21 (41.2) 30 (58.8) 0.65
0 1(16.7) 5(83.3)
1-4 24(27.9) 62 (72.1)
NIHSS 515 42 (45.7) 50 (54.3) 0.006
16-20 9(75) 3(25)
21-42 1(25) 3(75)
Wake-up stroke 3(9.4) 29 (90.6) <0.001
Treatment Thrombolysis 18 (94.7) 1(5.3) <0.001
Mechanical thrombectomy 15 (100) 0 <0.001
Discharged home 65 (36.9) 111 (63.1)
Outcome Death 12 (50) 12 (50) 0.22
TOTAL 77 (38.5) 123 (61.5)

NIHSS = National Institutes of Health Stroke Scale

There were no significant differences in early presentation
according to sex (P = 0.97) or place of residence (rural vs.
urban, P = 0.82). However, atrial fibrillation was significantly
associated with early presentation, with 52.8% of patients
with atrial fibrillation arriving within 360 minutes compared
to 33.3% without (P = 0.01) (Table 2).

Patients with mild strokes (NIHSS 0-4) more frequently
presented after 360 minutes, while those with more severe
strokes (NIHSS 16-20) presented earlier. Notably, only 16.7%
of patients with NIHSS 0 presented early, in contrast to 75% of
those with NIHSS scores between 16 and 20 (P = 0.006) (Table
2). Stroke severity was significantly higher among patients
presenting within 360 minutes compared to those presenting
late (median [interquartile range]: 6 [3.8-14] vs. 4 [2-6],P <
0.001) (Figure 1).

Thrombolysis was significantly more frequent among patients
presenting within 360 minutes compared with delayed
presenters (18 vs 1 patients, P < 0.001). The single patient
who received thrombolysis despite being classified in the
>360-minute group had wake-up stroke. Similarly, mechanical
thrombectomy was performed exclusively in early presenters
(15 vs 0 patients, P < 0.001). In-hospital mortality was
numerically higher among early presenters than among late
presenters, but this difference was not statistically significant
(15.6% vs. 9.8%, P = 0.22). This finding should be interpreted
in the context of higher stroke severity among early presenters,
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as reflected by significantly higher NTHSS scores in this group
(Table 2).

In the univariable logistic regression analysis, atrial fibrillation
(OR 2.26,95% CI 1.09-4.70,P = 0.03) and higher NTHSS score
(OR 1.10 per point increase, 95% CI 1.04-1.16, P = 0.001)
were significantly associated with presentation within 360
minutes from symptom onset. In contrast, wake-up stroke

Stroke severity by time to hospital presentation
35

30

5

10
5
1]

W Early presentation (<360 min) [ Delayed presentation (>360 min)

MNIHSS score

Figure 1. Stroke severity according to time to hospital presentation

Box-and-whisker plots show NIHSS scores in patients with early
presentation (<360 minutes) and delayed presentation (>360 minutes).
The boxes represent the interquartile range, the horizontal line indicates the
median, whiskers denote the range, and crosses represent mean values.
Outliers are shown as individual points.
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Table 3. Univariable logistic regression analysis of factors

associated with early presentation (<360 minutes)

Last seen well <360 0dds | 95% confidence P
minutes ratio interval

Age 0.98 0.95-1.01 0.13
Female gender 0.98 0.52-1.85 0.95
Rural area 1.07 0.6 - 1.89 0.82
Hypertension 0.58 0.23-141 0.23
Diabetes mellitus 0.88 0.44-1.74 0.71
Atrial fibrillation 2.26 1.09 - 4.7 0.03
Recurrent stroke 1.06 0.51-2.21 0.87
Coronary artery disease 1.49 0.73 - 3.02 0.27
Hyperlipidaemia 1.18 0.6-2.31 0.64
Wake-up stroke 0.09 0.03-0.29| <0.001
NIHSS (per point) 1.1 1.04-1.16| 0.001
Smoker 0.73 0.35-1.51 0.31

NIHSS = National Institutes of Health Stroke Scale

was strongly associated with delayed presentation (OR 0.09,
95% CI0.03-0.29; P<0.001) (Table 3).

In multivariable logistic regression analysis including age,
sex, NIHSS score, atrial fibrillation, wake-up stroke and place
of residence, a higher NIHSS score remained independently
associated with early hospital presentation (aOR 1.11 per point
increase, 95% CI 1.04-1.18; P=0.001). Wake-up stroke was
independently associated with a markedly lower likelihood
of early presentation (aOR 0.13,95% CI 0.04-0.48; P=0.002)
(Table 4).

Discussion

In this study, early hospital presentation (<360 minutes)
was significantly associated with greater stroke severity and
presence of atrial fibrillation (AF), whereas wake-up stroke
was strongly associated with delayed presentation. After
multivariable adjustment, higher NTHSS score and wake-
up stroke remained the only independent determinants of
prehospital delay.

The main findings of this study are consistent with previous
evidence showing that more severe neurological deficits
are associated with earlier hospital presentation, whereas
wake-up stroke is associated with delayed presentation.
Therefore, the primary contribution of this study is not the
identification of entirely new predictors, but the confirmation
and contextualization of these associations within a Croatian
regional stroke-care setting, where published data remain
scarce. In this cohort, only 38.5% of patients arrived within 360
minutes, while early presentation was strongly associated with
access to reperfusion therapy. At the same time, no significant
rural-urban difference in early presentation was observed,
suggesting that, in this setting, geographical residence
alone may be less important than symptom recognition and
clinical presentation. These findings provide locally relevant
evidence for stroke-care planning and support public health
interventions focused on recognition of mild or atypical

Table 4. Multivariable logistic regression analysis of factors

associated with early presentation (<360 minutes)

Last seen well <360 Adjusted | 95% confidence P
minutes odds ratio interval

Age 0.97 094-1 0.08
Female gender 1.01 0.53-1.92 0.98
Rural area 0.88 0.47 - 1.67 0.71
Atrial fibrillation 1.96 0.95 - 4.04 0.07
Wake-up stroke 0.13 0.04 - 0.48 0.002
NIHSS (per point) 1.11 1.04-1.18 0.001

NIHSS = National Institutes of Health Stroke Scale

symptoms, rapid EMS activation and improved pathways for
patients with wake-up stroke.

In this study, no significant differences in early presentation
were observed between men and women. Recent studies
indicate that the time from symptom onset to hospital arrival
(onset-to-door time, ODT) in acute ischemic stroke shows
modest — but consistent — differences between women and
men (17,18). Factors contributing to these disparities include
lower rates of emergency service use among women and a
higher likelihood of living alone, both of which can delay
recognition of stroke symptoms and timely medical response
(19). Our findings are consistent with the evidence reported
in the recent systematic review encompassing over 160,000
patients, which demonstrated that in the majority of studies,
no statistically significant sex difference in pre-hospital delay
for ischemic stroke was observed (20). This consistency may
reflect comparable healthcare accessibility and emergency
medical service (EMS) organization for men and women
within the Croatian healthcare system, as well as a relatively
uniform public awareness of stroke symptoms across sexes.

Recent research indicates that patients with acute ischemic
stroke who live in rural areas tend to arrive at hospitals
later than their urban counterparts. The study attributed
much of this difference to delayed recognition of symptoms,
longer ambulance-response and transport times, greater
distances from stroke-ready hospitals and more frequent
initial presentation to non-stroke-ready facilities in rural
settings (21,22). The results of our study may be explained
by the fact that all participants, regardless of whether they
resided in urban or rural areas, lived relatively close to the
University Hospital Centre Osijek, which is a stroke centre.
This geographical proximity likely minimized differences in
ODTs between groups. In addition, the Osijek EMS operates
several branch stations throughout the region, which enables
a timely response and facilitates rapid access to acute medical
care for the local population.

In our study, conditions such as hypertension, diabetes
mellitus, hyperlipidaemia, coronary artery disease and
recurrent stroke did not demonstrate measurable effects
on prehospital delay. This is in contrast with some previous
findings suggesting that chronic disease burden may influence
patients’ ability to recognize symptoms or seek timely care
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(23,24). On one hand, patients with chronic illness might
have closer medical follow-up and higher awareness, which
could favour faster recognition and hospital contact; on the
other, comorbidities might impair mobility and symptom
recognition or contribute to “atypical” stroke presentation,
delaying decision or transport. Given the lack of consistent
empirical data, such hypotheses remain speculative.

Several multicentre and registry-based analyses have observed
that patients with recurrent stroke are more likely to arrive
by EMS and, in some cohorts, reach the hospital sooner than
those with first-ever stroke (25). Patients who survive a prior
stroke often receive education about stroke signs, maintain
closer contact with health services and may have written action
plans or lower thresholds for calling EMS; caregivers in these
households may also recognize symptoms more rapidly. On
the other hand, recurrent stroke patients may have greater
disability, atypical presentations or social isolation that can
delay recognition and transport in some settings (26).

Our study showed an association between early presentation
and AF in univariable analysis but lost statistical significance
after adjustment for stroke severity. This suggests that
the effect of AF is largely mediated through more severe
clinical presentation rather than directly influencing patient
behaviour or healthcare access. In a 2024 retrospective cohort
study comparing patients with known AF and those in whom
AF was first detected after stroke, there was no statistically
significant difference in stroke recognition-to-door times or in
rates of prehospital stroke-code activation between the groups
(27). On the other hand, a 2024 Chinese multicentre study
found that a history of AF was independently associated with
a higher likelihood of arriving within 3 hours of symptom
onset, even after controlling for distance, mode of transport
and stroke severity (28). Future studies with larger sample
sizes are needed to clarify the relationship between atrial
fibrillation and early presentation. Nevertheless, encouraging
rapid EMS activation upon symptom onset in this high-risk
population could further shorten ODT and increase the
proportion of patients eligible for reperfusion therapies.

Stroke severity emerged as the strongest independent
determinant of early hospital presentation. Several large,
contemporary studies show that greater neurological deficit
at presentation is commonly associated with shorter ODT,
probably because more severe deficits produce unmistakable
disability that triggers rapid help-seeking and EMS activation
(29,30). Conversely, patients with low NIHSS often have subtle
or non-specific complaints that are commonly misattributed
to benign causes or existing chronic conditions; this reduces
perceived urgency and increases reliance on non-urgent care
pathways, self-management or delayed presentation (31).
These apparently contradictory findings suggest that the
relationship between stroke severity and ODT is context-
dependent and mediated by local health-seeking behaviour,
transport logistics and how stroke symptoms are interpreted
by laypersons and first responders. From a public health
perspective, patients with less severe presentations represent
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a key target for intervention, as they constitute a substantial
proportion of the stroke population who are less likely to
present within the therapeutic time window, but still benefit
from rapid assessment.

Higher stroke severity independently
predicted earlier hospital presentation,
whereas wake-up stroke was
associated with delayed presentation

Wake-up stroke was strongly associated with delayed arrival,
which is expected given the unknown symptom onset time
and the use of the last-known-well concept to define onset-
to-door time (32). Therefore, this finding should not be
interpreted solely as a behavioural determinant of delayed
help-seeking. Unlike factors such as symptom recognition,
EMS activation or mode of transport, wake-up stroke is partly
linked to delayed presentation by definition, because the
last-known-well time usually precedes symptom discovery
by several hours. In this sense, wake-up stroke represents a
distinct clinical and methodological subgroup rather than a
conventional modifiable determinant of prehospital delay. Its
practical importance lies in the fact that conventional time-
based eligibility criteria may exclude many of these patients
from reperfusion therapy, despite the possibility that some
may still benefit from treatment based on advanced imaging
selection.

In our study, early hospital presentation was strongly associated
with eligibility for advanced reperfusion therapies. Nearly
one quarter of patients who presented within 360 minutes
received thrombolysis and one-fifth underwent mechanical
thrombectomy. On the other hand, among patients presenting
beyond 360 minutes, only one patient received intravenous
thrombolysis and none underwent mechanical thrombectomy.
This finding highlights the important impact prehospital
delay has on eligibility for time-dependent advanced stroke
therapies. As mentioned above, although thrombolysis is
generally limited to 4.5 hours after symptom onset, one patient
in our study presented beyond 360 minutes as a wake-up
stroke and received thrombolysis. However, detailed case-level
imaging-selection data were not systematically captured in the
retrospective dataset. Therefore, we cannot reliably determine
whether thrombolysis in this case was based on CT perfusion,
MRI-based mismatch assessment, or clinical reassessment
by the treating stroke team. This finding should therefore be
interpreted cautiously and should not be considered evidence
of routine thrombolysis beyond the standard therapeutic
window. Taken together, these findings emphasize that delayed
presentation effectively eliminates access to reperfusion
therapies for the majority of patients, representing a major
barrier to optimal stroke care.

The definition of early presentation used in this study should
be interpreted within the context of a pragmatic regional
stroke-care pathway rather than a strict marker of optimal
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eligibility for reperfusion therapies. Although a 360-minute
cut-off may capture patients who still require urgent acute
stroke evaluation, it is broader than the conventional
therapeutic window for intravenous thrombolysis. Acute
stroke treatment is increasingly guided not only by time from
symptom onset but also by advanced imaging selection. In
selected patients, particularly those with large-vessel occlusion
or wake-up stroke, CT/MR perfusion mismatch or MRI DWI-
FLAIR mismatch may support reperfusion treatment beyond
conventional time-based windows. The Stroke Action Plan
for Europe 2018-2030 emphasizes substantially shorter
treatment-related targets, including reducing median onset-
to-needle time for intravenous thrombolysis and onset-
to-reperfusion time for endovascular treatment (33). Its
mid-term update further stresses the importance of rapid
EMS activation, shorter onset-to-door times and optimized
in-hospital workflows (34). Similarly, previous studies have
shown that onset-to-door time within 4.5 hours is more
closely aligned with better clinical outcomes and eligibility for
intravenous thrombolysis (35,36). Therefore, the proportion
of early presenters in our study should not be interpreted as
the proportion of patients optimally eligible for intravenous
thrombolysis, but rather as the proportion reaching hospital
within a broader time-sensitive acute stroke pathway.

Improved recognition of mild stroke
symptoms and prompt EMS activation
may reduce prehospital delay and
increase access to reperfusion
therapies

Beyond onset-to-door time, several system-level factors
may further influence access to reperfusion therapies and
clinical outcomes, including prehospital stroke recognition,
hospital prenotification, door-to-needle time for intravenous
thrombolysis and door-to-groin time for mechanical
thrombectomy (34,37). These variables reflect the efficiency
of the acute stroke pathway after first medical contact and
after hospital arrival. In our setting, standardized prehospital
stroke scales were not routinely used during the study period,
and detailed EMS and in-hospital workflow metrics were
not available for analysis. Future prospective studies should
therefore incorporate prehospital recognition protocols,
hospital prenotification, mode of transport, door-to-needle
time and door-to-groin time to provide a more comprehensive
assessment of delays across the entire stroke-care pathway.

Although early presentation is generally associated with
improved access to time-dependent advanced therapies (35),
there was no significant difference in in-hospital mortality in
our study. This likely reflects the limited sample size and higher
stroke severity among patients who presented early, which may
have attenuated the potential survival benefits of earlier arrival.

Several important prehospital variables were not available,
including EMS activation, mode of transport, witness presence,

living status and actual distance from hospital. Their omission
may have introduced residual confounding, as these factors can
influence both symptom recognition and time to hospital arrival.
Therefore, the associations observed for NIHSS score, wake-up
stroke and rural-urban residence should be interpreted within
the limitations of the available retrospective dataset.

Finally, the nationwide Helicopter Emergency Medical
Service became operational in Croatia in March 2024, after
the period covered by this study (38). Future studies should
evaluate whether this system-level intervention reduces onset-
to-door times and improves access to reperfusion therapies,
particularly among patients from rural or remote areas.

These findings highlight actionable targets to reduce
prehospital delay, particularly through improved public
awareness of mild stroke symptoms and timely EMS activation.
Addressing these factors may increase the proportion of
patients eligible for reperfusion therapies and consequently
improve stroke outcomes.

Limitations

This study has several limitations. First, it is a single-centre
retrospective study, which may limit generalizability to other
healthcare settings. Second, the time to presentation was
determined using the last-known-well concept, which represents
standard clinical practice and is routinely used for treatment
decision-making. However, it may be subject to recall bias,
which may affect the accuracy of prehospital delay estimation.
Third, detailed prehospital and in-hospital workflow data were
not available. Specifically, EMS activation, mode of transport,
hospital prenotification, door-to-needle time and door-to-groin
time were not systematically recorded and therefore could not
be analysed. In addition, standardized prehospital stroke scales
were not routinely used in our setting during the study period.
Fourth, early presentation was defined using a 360-minute
threshold, which is broader than the conventional time window
for intravenous thrombolysis and may overestimate timely
arrival when compared with studies using 3-hour or 4.5-hour
onset-to-door thresholds. Finally, wake-up stroke is inherently
linked to delayed presentation due to unknown onset time,
which may influence its observed association with delayed
presentation. Future prospective, multicentre studies with larger
sample sizes and detailed prehospital system data are needed to
better address these limitations. Future prospective, multicentre
studies incorporating detailed prehospital workflow metrics are
needed to validate these findings and further optimize acute
stroke pathways.

Conclusion

Stroke severity is the primary independent determinant
of early hospital presentation with acute ischemic stroke,
while wake-up stroke is strongly associated with delayed
presentation. Early presentation was strongly linked to
eligibility for advanced reperfusion therapies, whereas delayed
presentation almost completely eliminated access to these
time-dependent therapies.

These findings highlight prehospital delay as a critical barrier
to optimal stroke care and the need for targeted public health
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education to improve stroke symptoms recognition — especially
subtler presentations. This can increase the proportion of patients
eligible for reperfusion therapies, improve functional outcomes
and decrease overall stroke burden at the population level.

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
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Abstract

Sepsis, a rapidly progressing and life-threatening organ dysfunction, requires immediate 1 University Hospital Split, Split,

action. Early recognition and timely intervention are critical because delays lead to high Croatia

mortality. Current guidelines combine essential procedures for initial sepsis care into a one- 2 gg]fif%ﬁgg)t/_a'\/'edical Service Split,
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hour bundle. This paper summarizes the most up-to-date evidence and recommendations

for managing sepsis and septic shock in the emergency department. Accurate identification Corresponding author:

of sepsis and exclusion of non-infectious causes are essential. Key interventions include van Brdar, MD
e . .. e - . . . . . Department of Infectious Diseases
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targets a mean arterial pressure of 65 mmHg; vasopressin may be added in refractory
cases. Corticosteroids are reserved for patients with continued hemodynamic instability
who do not achieve the target mean arterial pressure despite vasoactive therapy and
bicarbonates for severe metabolic acidosis and acute kidney injury. Although implementing
this comprehensive approach in the ED is challenging, evidence consistently shows that
early, protocol-driven care improves patient outcomes.
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Sazetak

Sepsa je zivotno ugrozavajuca organska disfunkcija, s porastom incidencije i visokim
mortalitetom. Lije¢enje je vremenski ovisno, te je nuzno rano prepoznavanje ovih bolesnika,
koji se vrlo Cesto inicijalno zbrinjavaju u hitnom prijemu. Aktualne smjernice objedinjuju
osnovne postupke pocetnog lijecenja sepse u jednosatni snop postupaka. Cilj ovog rada
je prikaz najnovijih spoznaja i rezultata studija te preporuka za osnovno lijecenje sepse i
septickog $oka u hitnoj medicini. Iznimno je vazno ispravno prepoznati sepsu, odnosno
prepoznati neinfektivno zbivanje ako je ono uzrok stanja bolesnika. U lijecenju sepse je
klju¢na zurna primjena empirijske antibiotske terapije prilagodene osobitostima pojedinog
bolesnika, odmah po uzimanju mikrobioloskih uzoraka. U pocetno lije¢enje spada i volumna
nadoknada, primjena elektrolitski balansiranih kristaloidnih otopina, koja je ovisna o
procjeni tolerancije i osjetljivosti na primjenu tekucine, kao i rana primjena vazopresora
noradrenalina s ciljem postizanja srednjeg arterijskog tlaka 65 mmHg Zive, ali i izbjegavanja
preopterecenja teku¢inom. Ukoliko se radi o refraktornom $oku, preporuceno je uz primjenu
noradrenalina dodati vazopresin. Kortikosteroidi se ne primjenjuju rutinski, ali imaju ulogu
u lijec¢enju kontinuirano hemodinamski nestabilnih bolesnika, odnosno onih u kojih se
ne ostvaruje ciljna vrijednost srednjeg arterijskog tlaka usprkos vazoaktivnoj terapiji.

Bikarbonati su indicirani kod bolesnika s te§kom metabolickom acidozom te akutnom

ozljedom bubrega. Provodenje svih postupaka inicijalnog lije¢enja sepse u hitnom prijemu

je osobito izazovno, ali brojne studije potvrduju da omogucuje bolje ishode bolesnika. Published under the Creative Commons
Attribution 4.0 International License
Klju¢ne rijeci: antibiotici; hitna medicina; sepsa; septicki $ok; vazopresori https://creativecommons.org/licenses/by/4.0
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Introduction

Early recognition, initial stabilization, and treatment of
patients with sepsis in the hectic environment of the emergency
department (ED) is extremely challenging. ,,Sepsis is a life-
threatening organ dysfunction caused by a dysregulated
host response to infection® (1).,,Septic shock is defined as a
subset of sepsis featuring profound circulatory, cellular, and
metabolic abnormalities associated with a higher mortality
risk than sepsis alone® (1).,,Patients with septic shock require
vasopressors to maintain a mean arterial pressure (MAP) of
65 mm Hg or higher, with a serum lactate level greater than 2
mmol/L in the absence of hypovolemia“ (1). These two clinical
features are associated with a hospital mortality of more than
40% (1). According to ,, The Third International Consensus
Definitions for Sepsis and Septic Shock (Sepsis 3) sepsis
should be considered a possibility in patients with suspected
infection from any source, and the use of ,,Quick Sequential
Organ Failure Assessment (QSOFA) should be considered”
(1). A score of 2 or higher indicates patients who are likely
to have poor outcomes or are at increased risk of hospital
mortality (1). However, the ,2021 Surviving Sepsis Campaign
(SSC) guidelines® do not support using qSOFA as the sole
screening tool and recommend the ,National Early Warning
Score (NEWS), Modified Early Warning Score (MEWS), or
Severe Inflammatory Response Syndrome (SIRS) score (2).
That is to say, a positive qSOFA score is a strong predictor of
an unfavorable prognosis in patients with infection. It should
certainly serve as a warning about the risk of sepsis, but it lacks
sufficient sensitivity. There is a strong recommendation against
its use as the sole tool for recognizing septic patients (2).

Early recognition of sepsis in the
emergency setting is challenging,
and timely prehospital assessment
and treatment by emergency medical
services are critical because outcomes
are strongly time-dependent.

Sepsis and septic shock cases are rising worldwide, reaching
49 million yearly, and causing 11 million deaths (3). Even
with better treatments, mortality remains high, about 20%
or above (4, 5). Sepsis patients in emergency departments are
among those with the highest mortality rates. The emergency
medical service is the initial treatment site for sepsis and plays
a particularly important role as the first link in the chain of
care for these complex patients. Of interest are analysis data
from the United States of America, which show that in 86%
of patients, sepsis is diagnosed at admission. In about 80%
of these patients, the ED is the place of initial management
(6). Additionally, the out-of-the-hospital emergency medical
services were taking care of more than 75% of the patients
included in the study (7). Sepsis treatment outcomes are time-
dependent, which is why protocols have been developed to
help identify patients who need appropriate, strong therapy
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immediately.,, The 2016 Surviving Sepsis Campaign“ provided
guidance for the management of these patients, and the 2018
update emphasized the importance of prompt treatment,
presented as a ,,1-hour bundle® of resuscitation procedures
(8). These include ,measurement of serum lactate and
remeasurement at 2-4 hours if > 2 mmol/L, blood culture
sampling before antibiotic administration, administration of
broad-spectrum antibiotics, initiation of volume resuscitation
of 30 ml/kg in hypotension or if lactate is > 4 mmol/L, and
administration of vasopressors in hypotension during or after
the administration of volume replacement to maintain an
MAP > 65 mm Hg" (8).,,The European Society for Emergency
Medicine (EUSEM)“ expressed concern in a position paper
because of the feasibility of the ,,1-hour bundle®, advocating
evidence-based elements such as early identification of sepsis
and early antibiotic administration, rather than strict time
frames, and accomplishing all procedures from the bundle
within an hour of triage (9). The key elements of the ,,1-hour
bundle® are outlined in the SSC Guidelines 2021, but they
ideally start within an hour of sepsis recognition and, for
patients who are not in shock and are strongly suspected of
infection, within three hours for starting antibiotic therapy (2).
Another challenge in the acute environment of the ED is that
these are often unexplained patients in whom early and quick
recognition of sepsis is not easy, and some of them will have
a different main diagnosis than sepsis after the completion of
the assessment (10). This review will give a concise overview
of sepsis and septic shock pathophysiology, accompanied by
new findings and recommendations regarding the initial care
of sepsis patients.

Methods

For the purposes of this review, we searched the PubMed
database for literature published from 2020 to 2025. The
strategy consisted of searching for given keywords from the
Medical Subject Headings (MeSH) list. We further expanded
the analysis by manually searching for references from the
included studies.

Pathophysiology

The etiology of sepsis involves multiple factors and remains
incompletely understood. Microorganisms and their
toxic substances play a role in the rise of sepsis, as well as
a significantly increased immune response of the organism
(1,11). It also includes the activation of the complement
system and the release of pro-inflammatory factors. Today’s
knowledge suggests that both pro-inflammatory and anti-
inflammatory mediators play a role in the development of
sepsis (11). However, the importance of prognostication lies
in modulating large non-immune pathways (11,12). It is
not entirely clear why an immune response that is normally
localized can, in some cases, spread and cause sepsis. Cellular
injury is a precursor to organ dysfunction.

But even with severe organ dysfunction, cell death is usually
not significantly pronounced (1). Suggested processes
underlying cell injury include ,ischemia, apoptosis, and
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cytopathic injury“ (13). Recent findings emphasize the
importance of patients’ clinical and biological heterogeneity.
Namely, their age, comorbidities, injuries, medications, and
the infection site increase even more the complexity of this
critical state (14,15). Sepsis can be partially presented as
malignant intravascular inflammation. Malignant refers to
the absence of control and self-sustainability, intravascular to
the intravascular route of mediator spread through the blood,
and inflammation to the features of sepsis, which are actually
a markedly enhanced normal inflammatory response (16).
When analyzing hemodynamic changes in these patients,
septic shock is characterized by simultaneous changes in
the macro- and microcirculations, ultimately resulting in an
imbalance between the tissue’s oxygen needs and the amount
of oxygen delivered (17). One of the features of sepsis is the
occurrence of absolute and relative hypovolemia, caused by
pronounced arterial and venous vasodilation and increased
vascular permeability:

Severe vasodilation and hypotension consequently lead to
compensatory activation of the sympathetic nervous system
by acting on alpha and beta adrenergic receptors. However,
the effectiveness of these compensatory mechanisms is
significantly lower than in other types of shock. The reasons
are adrenal insufficiency, elevated levels of vasodilators such as
nitric oxide (NO), and often reduced ventricular contractility in
up to 60% of patients with sepsis (18). Septic cardiomyopathy
is associated with endothelial and mitochondrial dysfunction,
alterations in calcium metabolism, and alterations in beta-
adrenergic receptors (18).It can occur immediately or during
the first few days. This cardiomyopathy is reversible, but
because it significantly affects compensatory mechanisms and
the effectiveness of treatment, it is a key factor to consider in
the care of these patients in the ED.

Sepsis causes profound
microcirculatory and endothelial
dysfunction, leading to impaired tissue
perfusion despite changes in systemic
hemodynamics.

Reducing the amount of capillaries that are fully functional is
one of the key features of sepsis. It can be connected with tissue
edema, external pressure on capillaries, endothelial swelling,
or lumen obstruction by leukocytes and erythrocytes. Due
to its role in regulating microcirculation, the endothelium is
considered a crucial element in the sepsis development (19).
Namely, it has a strong modulatory effect on coagulation
processes and on signaling pathways for inflammatory and
anti-inflammatory factors.

Endothelial cells interacting with the bacterial wall results with
the changes described as ,,endothelial dysfunction, coagulation
disorders, upregulation of adhesion molecules, and glycocalyx
degradation® (13). The glycocalyx is part of the endothelium
and is composed of glycoproteins and proteoglycans.

Damage to its morphological and functional integrity
manifests as increased vascular permeability and edema
formation, elevated interstitial pressure, and, eventually,
inadequate tissue perfusion (20).

Early recognition of sepsis

Sepsis is a clinical diagnosis. Anamnestic data and physical
examination are particularly important, as they can reveal
signs of infection and organic dysfunction. During the initial
treatment of these patients, a wide range of possible differential
diagnoses is often considered.

Correct diagnosis of sepsis often requires additional
observation and diagnostic interventions.

Recognizing sepsis in immunosuppressed patients, the elderly,
and those in the very early stages of the disease is particularly
challenging. Analyses show that 20 to 40% of patients in
whom sepsis is a working diagnosis during care in the ED
are defined as a condition of a non-infectious nature upon
completion of workup (10). Patients with these conditions,
which can be called ,,sepsis mimics®, are unlikely to benefit
from all aspects of therapy aimed at treating sepsis (10). It is
for these reasons that the SSC guideline has revised the timing
of bundle initiation from arrival at the ED to sepsis diagnosis.

Various screening tools are helpful in the process of correctly
recognizing sepsis. There are two basic forms: manual methods
or the automated use of electronic health records (EHRs) (2).
Commonly used clinical tools are ,,Systemic Inflammatory
Response Syndrome (SIRS) criteria, gSOFA (Sequential Organ
Failure Assessment), NEWS, and MEWS® (2). They have very
different diagnostic accuracy but mostly low predictive value.
So far, no validated tool has achieved reliable results.

No mortality benefit was observed with their use in the pooled
analysis of three RCTs (2,21). Nevertheless, they constitute an
important component of early sepsis identification, a basic
prerequisite for early treatment.

A look into the near future is provided by a recent study on
the child population that pointed to the possible application
of the machine learning predictive model (22). It is based on
the use of EHRs and can achieve positive likelihood ratios in
predicting the development of sepsis over 48 hours, i.e., before
the onset of organ dysfunction (22).

Initial treatment

The first step is a clinical examination and verification of the
patient’s vital parameters. Priority management includes
airway protection (if necessary), administration of oxygen to
maintain Sp02 > 92%, establishment of venous access, and
early application of crystalline solutions and antibiotics. Sepsis
and septic shock are urgent conditions, and it is necessary
to start treatment and resuscitation procedures immediately.
It must not be forgotten that adherence to the applicable
guidelines in their entirety is more important after sepsis is
diagnosed than when it is only one of several possible reasons
for the patient’s condition. Therefore, a prerequisite for the
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urgent initiation of therapy is the recognition of sepsis rather
than other clinical diagnoses (10). Early Goal-Directed Therapy
procedures, currently combined into a sepsis bundle, represent
a common, standardized approach to treating sepsis. Various
studies suggest that they reduce mortality, but in two meta-
analyses from lower-resource countries, they were associated
with increased mortality (23, 24).

Sepsis management requires
immediate treatment once the diagnosis
is established, while strict adherence
to the full sepsis bundle may need to
be adapted to the specific healthcare
setting and available resources.

This points to the need for further development of guidelines
tailored to different care settings and levels of care. An analysis
of about 400 EDs across Europe found that only about half
provided all elements of the 1-hour bundle (25). The most
common deviations are due to the later recognition of these
patients, which is associated with a large number of patients
undergoing treatment and insufficient staff and training.

Intravenous fluids

Sepsis is characterized by severe vasoplegia that can lead
to distributive shock. Early effective volume replacement is
crucial in stabilizing tissue hypoperfusion caused by sepsis
(2). Therefore, in clinical practice, it is important to initiate
volume resuscitation immediately upon sepsis diagnosis.
Knowing that these patients often have a wider list of possible
causes of their condition at the beginning of treatment in
the ED, if there is a high suspicion of sepsis, it is necessary
to have a very low threshold for its initiation. There are two
types of resuscitation fluids: crystalloid and colloid. There is a
clear clinical advantage associated with crystalloid solutions
compared to colloid solutions (26).

Albumin has a clear theoretical advantage in maintaining
oncotic pressure. However, multiple meta-analyses and RCTs
have shown that it is not associated with improved mortality
(27,28). Its routine application is often limited by lower
availability and higher costs, and without a clear benefit.
Therefore, the ,SSC guidelines 2021 recommend considering
the use of albumin in patients who have received large volumes
of crystalloids (2). Colloid use, specifically hydroxyethyl starch
(HES), carries significant risks in sepsis management.

HES increases the risk of acute kidney injury (AKI), which
is associated with a higher mortality rate (29,30). Guideline
recommendations continue to advise against its use in sepsis (2).

Crystalloid solutions, which are the fluids of choice in sepsis,
are either chloride-rich [most commonly, normal saline
(NS)] or balanced crystalloid solutions. For septic patients,
balanced crystalloid solutions are preferred because their
electrolyte composition is more similar to plasma, and
because administering large amounts of saline can cause
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hyperchloremic acidosis. Based on available data, some studies
advise using either balanced crystalloid solutions or NS for the
first liter of volume compensation, but if a significant volume is
required after the first liter, then balanced crystalloid solutions
are recommended (31). Currently valid recommendations
regarding the type of fluid for volumetric resuscitation of
septic patients are actually quite uniform (2). The situation
is rather different when it comes to the required total volume
and the process of its application. According to the 2021 SCC
guidelines, ,septic patients with pronounced hypoperfusion
and those in septic shock should receive at least 30 ml/kg of
IV crystalloid within the first 3 hours® (2).

In a large retrospective study that included septic patients in
the ED, the group of patients who did not receive this adequate
amount of volume had worse overall outcomes, regardless of
comorbidities (32). However, this approach is the subject
of numerous debates and, according to several studies, is
questionable.

Namely, instead of aggressive volume compensation, the
emphasis is increasingly on perfusion at the microcirculation
level. Aggressive volume replacement may further worsen
endothelial and glycocalyx dysfunction (33,34). The
importance of microcirculation recovery as a key resuscitation
outcome is increasingly being recognized (35). It is achieved
through individualized treatment aimed at “glycocalyx
resuscitation’, based on monitoring fluid tolerance and
response.

Rooted in the knowledge available today, a gradual
individualized method of initial volume resuscitation was
proposed (36). It includes two key elements, repeated small
boluses of crystalloid (250 ml to 500 ml) and continuous
hemodynamic assessment (36,37). Early administration
of vasopressors is necessary if there is no improvement in
circulation (36). Continued fluid administration after initial
resuscitation can cause volume overload, worsen acute renal
injury, and increase mortality. Following a detailed initial
exam, ongoing reassessment and repeated checks of the
patient’s response are crucial. Around half of septic shock
patients do not show increased cardiac output after a fluid
bolus, or the response is short-lived. Identifying patients who
respond to fluids helps guide appropriate volume therapy. It is
recommended that volume resuscitation be conducted using
dynamic measures (2,10).

Initial fluid resuscitation should use
crystalloids, with balanced crystalloids
preferred; fluid volume should be
individualized according to the
patient’s response, as excessive fluid
administration may contribute to fluid
overload and acute kidney injury.
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In modern EDs, point-of-care ultrasound is a regular,
significant aid in assessing the patient’s condition. In this group
of patients, the ultrasound role is primarily to assess volume
status and fluid responsiveness. Assessment of volume status
using ultrasound includes estimation of stroke volume and
lung ultrasound (37). Also useful is the assessment of venous
congestion by measuring intravascular distension, as indicated
by a dilated inferior vena cava (IVC), or an elevated ,,VexUS
score® (31,37).

Interestingly, a recent RCT comparing liberal and restrictive
volume administration in these patients did not show a
difference in mortality at 90 days (38). Therefore, although an
individualized method of application of volume resuscitation
is preferred, further research is certainly necessary regarding
the appropriate amount of fluids.

The management of the resuscitation process can be
associated with various ways that provide insight into changes
in hemodynamic status. We highlight two ways that are
particularly useful and applicable in the ED. The resuscitation
procedure can be guided by changes in serum lactate values
as well as capillary refill time (CRT) values. In patients
with elevated lactates, it is important to take into account
the overall clinical situation and to consider other possible
reasons for their increase. Especially from a clinical point of
view, it is interesting to note that CRT is not inferior to serum
lactate levels as an indicator of resuscitation efficiency (39).
Consequently, CRT is recommended to guide resuscitation
effects, but other perfusion methods can be used (2). The
results of a recently published study, ,,The ANDROMEDA-
SHOCK-2¢ suggest that the use of CRT as a clinical biomarker
of tissue perfusion may reduce mortality in the early stages of
septic shock (40).

Compared to usual treatment, there was no difference
in mortality, but the group in which CRT and dynamic
measurements were used to guide resuscitation had a 5%
shorter duration of vital organ support. Furthermore, this
group of patients received less fluid, and a higher proportion
received vasopressor therapy.

These results further support the currently prevailing view
of the key role of individualized hemodynamic resuscitation.
CRT, as a practical and rapid clinical method, has a clear place
in the assessment of changes in the patient’s condition and
the management of therapy. Given that the ED is the place of
both diagnostic assessment and the beginning of treatment
of septic patients, and that these patients certainly spend a
certain amount of time there, hemodynamic monitoring may
include some of the invasive methods, more commonly used
in intensive care units, such as arterial catheters.

Finally, interestingly, the results of an RCT including more than
1,000 patients in a state of shock, half of whom had sepsis, did
not show an association between arterial catheter placement
and better outcomes compared with noninvasive blood-
pressure monitoring (41). Mortality at 28 days was similar

(34% versus 37%), and pain, bleeding, and hematomas were
more common in the group with an arterial catheter (41).

Vasoactive agents

One of the key elements of the therapy of patients with sepsis
is certainly vasoactive drugs. Septic shock is caused by,among
other things, vasoplegia and consequent systemic vasodilation
and hypotension. MAP is a key resuscitation target because it
is essential for organ perfusion. Physiological mechanisms of
autoregulation can preserve organ perfusion despite changes
in the MAP, but when the MAP falls below a certain threshold,
below 60 or 65 mmHg, autoregulation does not work, and
there is a critical drop in perfusion, consequent ischemia, and
organ injury. SSC guidelines 2021 define an ,,initial MAP target
value of 65 mm Hg" (2).

In analyzing the outcomes of patients who did not achieve
the target MAP, it is important to highlight the results of the
permissive hypotension study (42). Namely, patients in septic
shock aged 65 years and older did not show a difference in
mortality between the MAP group of 60-65 mm Hg and the
control group (42). Although the target value of the MAP
has been defined, this is not the case when it comes to
elevated values. Specifically, the upper limit of the MAP is
not clearly defined. Organ injury due to vasoconstriction and
microcirculatory impairment may be caused by high levels
of MAP (31). However, certain groups of patients, such as
those with heart failure or with increased intra-abdominal
pressure, may benefit from higher MAP values (31). This
was confirmed through a trial that included patients with
chronic hypertension, who probably have a wider range of
autoregulatory mechanisms (43). When caring for patients
in septic shock, vasopressors are recommended to achieve
the target MAP. According to current guidelines and
recommendations, ,norepinephrine is the first-line agent
over other vasopressors (2). Norepinephrine is an alpha-1
and beta-1 adrenergic agonist that primarily acts at the
vascular level, causing vasoconstriction and a consequent
increase in MAP (2). It also has a positive effect on myocardial
contractility and cardiac output, but with very little effect
on heart rate. Early norepinephrine administration may
be associated with better outcomes in septic patients. One
important factor is reducing the applied volume, which
reduces the risk of fluid overload (44). The results of ,,the
CENSER trial” clearly showed a correlation between more
successful control of shock and early administration of
norepinephrine (45).

Certainly, an important part of discussing the use of
norepinephrine in the ED is the route of administration. The
peripheral venous route is the preferred method of initial
administration when the central venous route is unavailable
or delayed (2). In patients with septic shock in whom the MAP
target value has not been achieved despite norepinephrine
administration, the addition of vasopressin to therapy is
recommended, rather than further increasing the dose of
norepinephrine
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Thus, we can consider it as the second drug of choice among
vasopressors that cause vasoconstriction, but by acting
on other receptors, the vascular V1 receptors of smooth
muscle (46). The meta-analysis showed a lower incidence
of arrhythmias, especially atrial fibrillation, but no lower
mortality with norepinephrine and vasopressin combined,
compared to norepinephrine alone (47). The VASST study
is one of the key studies in which a group comparison was
conducted: one group received only norepinephrine, and the
other received vasopressin added to norepinephrine (48). It
showed that adding vasopressin was associated with reduced
norepinephrine requirements and reduced 28-day mortality
in patients with less severe septic shock (26, 48). The use of
vasopressin prevents an additional increase in norepinephrine
dose and reduces overall adrenergic stimulation, but its effect
on mortality is unclear (31).

Early vasopressor therapy, particularly
norepinephrine, may help achieve the
target MAP while limiting excessive
fluid administration and the risk of fluid
overload.

Epinephrine is commonly considered the third-line treatment;
it is suitable for patients in whom norepinephrine and
vasopressin have not achieved MAP target values (2). It can
be administered as an adjunct drug to norepinephrine, just like
vasopressin. Its use has been associated with side effects such
as tachycardia and tachypnea, but it is very useful in patients
with refractory septic shock with cardiac dysfunction due to
its strong beta-adrenergic effect (38).

It has a strong effect on beta-adrenergic receptors, with a
positive effect on cardiac dysfunction (2).Its use is associated
with side effects, including tachyarrhythmias and increased
lactate levels (37).

Patients in septic shock experience pronounced hypotension,
which is one of the main factors determining their mortality
(46).In a crucial effort to achieve the target MAP while starting
with crystalloid solutions, vasopressors are the only additional
therapeutic option. Several authors agree on the justification
for their use in patients who are euvolemic/hypervolemic,
or in those in whom there is no increase in MAP after the
administration of the initial crystalloid bolus, for example,
from 5 to 10 ml per kilogram (31,46).

Recent studies strongly suggest the importance of the early
initiation of vasopressors to ensure the perfusion of target
organs. The proposed time frame of many authors is within an
hour of diagnosis (46). This early treatment may be associated
with reduced volume overload and better overall outcomes (37).

Antimicrobial therapy

Immediately after recognition of sepsis, the key role in
pharmacological treatment is the urgent initiation of empirical
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antimicrobial therapy, after appropriate microbiological
samples are obtained. Depending on the clinical evaluation,
these may include blood, urine, cerebrospinal fluid, tissue
samples, or other fluids. When taking blood samples for
blood culture, it is important to take two vials, for aerobic
and anaerobic organisms, in each set (10).

In the initial assessment of a patient with suspected sepsis, it
is necessary to consider other possible causes of the patient’s
condition. Biomarkers such as procalcitonin (PCT) can provide
very limited help in clinical evaluation and diagnosis. PCT
is often used to differentiate bacterial infections from other
inflammatory conditions (49). Several recent studies have
suggested that, in patients with unclear clinical presentations, it
can play a useful role in deciding whether to initiate antibiotics
(50-52). However, it is interesting to note that PCT, along with
clinical assessment, is less effective than clinical assessment
alone in the decision to initiate antimicrobial therapy (2). This
is also the position expressed in the SSC guidelines, as a weak
recommendation (2).

Early appropriate antimicrobial therapy
is crucial in sepsis, particularly in septic
shock, where each hour of antibiotic
delay is associated with increased
mortality

When it comes to patients with suspected septic shock or those
with a high suspicion of sepsis, the answer to the question of
when to start antibiotic therapy is actually clear. In these two
groups of patients, appropriate antibiotic therapy should be
started “immediately, ideally within an hour of recognition of
their condition” (2). Several studies have shown an association
between the increase in mortality and the subsequent use of
antibiotics, especially in septic shock (53). A retrospective
analysis by Liu et al, which included 35,000 septic patients,
showed that every hour of delay in antibiotic therapy is
associated with an increase in mortality, which is particularly
pronounced in the subgroup of patients in septic shock (54).
The association is less pronounced in sepsis patients without
signs of shock (54, 55).

Observational studies suggest a possible increase in mortality
when the time interval exceeds 3 to 5 hours (56, 57). Therefore,
SSC recommendations indicate that in this group of patients,
antibiotic therapy should be initiated no later than 3 hours
after the suspicion of sepsis is established (2). This period
is important for carrying out the necessary diagnostic tests,
confirming or excluding sepsis, and diagnosing the source. The
need for early antimicrobial therapy should be weighed against
the potential for unnecessary use in patients without infection.

In certain conditions, such as necrotizing infection, peritonitis,
and intestinal ischemia, urgent source control is necessary.
In these patients, outcomes depend on the ,time to source
control” (58). It's key to implement source control urgently
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after diagnosis, within 6 hours, or up to 12 hours in some
studies (58, 59)-

Clinical and epidemiological factors guide decisions on
empirical antibiotic therapy and are often complex and
challenging. This is especially true in the hectic, stressful
environment of the ED, where, with the inevitable dispersion
of attention to a large number of critical patients and often
incomplete anamnestic data, it is necessary to assess the
complete clinical picture at the right time and choose the
right antibiotic. The decision depends on the suspected source,
anamnestic data (previous isolates and antibiotic therapy),
comorbidities, and local resistance data. In septic patients
initially treated in the ED, the two most common sites of
infection are the respiratory tract (43%) and the urinary tract
(16%) (60, 61). This should also be borne in mind when the
source of infection is not clear from the clinical examination
alone, and further diagnostic measures are considered.

The representation of certain microorganisms in sepsis
changes over time. The microorganisms most commonly
associated with sepsis are bacteria.

With the increasing number of immunosuppressed patients,
the importance of fungal sepsis, particularly Candida spp.-
related sepsis, is growing (10). Choosing the right antibiotic
is crucial. The correct choice of antibiotic therapy is associated
with better outcomes (2). However, inappropriate antibiotic
selection reduces sepsis survival (62). Initial empirical
antibiotic therapy depends on the source of infection and
the clinical characteristics of the individual patient. In each
individual case, the choice of antibiotics is conditioned by
the causative agent we suspect, the presumed infection, and
the condition of the specific patient. It is reccommended that
the broad-spectrum coverage include the most common
pathogens, i.e., Gram-positive and Gram-negative bacteria
(2). The most commonly isolated bacteria in septic patients
whose coverage with therapy must be considered include:
»Escherichia coli, Klebsiella pneumoniae, Staphylococcus
aureus, Streptococcus pneumoniae“ (63).

In the selection of antibiotic therapy, the SSC guidelines
provide general recommendations that should be adapted to
the specific environment and clinical situation. A common
initial selection of broad spectrum antibiotics includes beta
lactam antibiotics (64). These are carbapenem or piperacillin-
tazobactam. Third- or higher-generation cephalosporins may
also be used (44). Empirical antibiotic therapy may include
a single antibiotic or may be a combination of two or more
antibiotics.

The multidrug therapy concept is also part of the guidelines
and clinical practice.

Combination antibiotic therapy is based on the assumed
higher efficiency and more reliable sensitivity of pathogens to
empirical treatment. May be associated with better outcomes
(65). Monotherapy, on the other hand, is associated with a
lower incidence of new infections, a lower toxic effect, and
lower costs. Its possible disadvantage is the lack of action on

multidrug-resistant agents. A number of studies compare
monotherapy and antibiotics from two different groups.
Interestingly, the results of a meta-analysis did not confirm
the superiority of combination versus monotherapy in patients
with gram-negative agents (66,67). However, in patients with
septic shock and suspected Gram-negative sepsis, combination
therapy is justified, i.e., the use of two types of antibiotics that
act on Gram-negative bacteria (2). For critically ill patients
with multidrug-resistant pathogens (MDR), empirical
treatment with two antibiotics active against Gram-negative
bacteria is recommended, whereas for patients with low MDR
risk, a single agent is preferred (2,68).

A particular challenge is the treatment of patients suspected
of methicillin-resistant Staphylococcus aureus (MRSA).
The group at high MRSA risk includes those with soft-
tissue infections, line infections, hemodialysis patients,
nosocomial infections, immunosuppressed individuals,
and those with prior MRSA infections (31). Some studies
show an increase in mortality when more than 24 hours have
elapsed before administering antibiotics that cover MRSA in
patients with MRSA infection (69, 70). However, an increase
in mortality is also possible in those with undifferentiated
sepsis, and early treatment with antibiotics covering MRSA
is initiated (71).

Antibiotic selection should be
individualized according to the
suspected source of infection, patient
characteristics, previous microbiology,
and local antimicrobial resistance
patterns

The guidelines therefore recommend empirical antibiotic
coverage for MRSA in patients with sepsis and septic shock
at high MRSA risk, but not in those at low MRSA risk (2). In
the ED, vancomycin or linezolid is usually additionally used
for patients with highly suspected MRSA sepsis who require
dual coverage. Piperacillin-tazobactam is recommended if
anaerobic coverage is required; an alternative is a combination
of cefepime and metronidazole (31). For patients with septic
shock and a strong suspicion of Pseudomonas infection, dual
antibiotic therapy may be appropriate.

Addition of a third- or fourth-generation cephalosporin or a
carbapenem should be considered to a fluoroquinolone or an
aminoglycoside (8).

It is necessary to monitor and adhere to local guidelines and
protocols, as they account for local antibiotic availability and
patterns of resistance. When caring for patients in septic shock,
it is initially necessary to administer a loading dose of broad-
spectrum antibiotics. Further dosage should be adjusted based
on renal and hepatic function, and the need for further therapy
should be considered immediately upon receipt of culture test
results.
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Adjunctive therapies
Corticosteroid therapy in sepsis is still partially controversial.

Its proposed benefits in patients with septic shock include
reducing adrenal insufficiency and systemic inflammation
(72). However, current studies do not provide clear evidence
to support their use (31,73, 74). Studies on hydrocortisone
in septic shock have shown more days without vasopressor
therapy and a shorter duration of shock, but no reduction in
mortality (75,76). Based on current knowledge, corticosteroid
therapy is not routinely used in patients with sepsis, but it may
have benefits in selected groups of patients, such as those in
refractory shock.

A recent meta-analysis demonstrated a reduction in mortality
among patients treated with a combination of hydrocortisone
and fludrocortisone, which warrants further investigation (77).
The,,SSC 2021 Guidelines” advise against routine corticosteroid
use in the initial treatment of septic shock (2). They recommend
intravenous corticosteroids only if the MAP target is not reached
despite vasopressor therapy (2). The recommended dose of
hydrocortisone is 200 mg per day, administered intravenously
in 50 mg doses every 6 hours (2, 26).

Sodium bicarbonate has been considered in the treatment
of septic patients because they tend to develop metabolic
acidosis or lactic acidosis through various pathophysiological
mechanisms.

Their use in septic patients is truly controversial, with
disagreements among experts about the justification and
indications for use. The studies conducted did not provide
clear answers to questions about the justification for their use.
Without exogenous bicarbonate, with effective therapeutic
action on establishing adequate perfusion (i.e., by addressing
the underlying disorder that causes shock), the expected eftect
is the desired correction of metabolic acidosis. The use of
exogenous bicarbonate in therapy is associated with potential
adverse effects, including increased carbon dioxide partial
pressure, accelerated lactate formation, and increased serum
sodium concentration (78). The SSC 2021 guidelines advise
»against the use of bicarbonate to improve haemodynamic
values for patients in septic shock and hypoperfusion induced
lactic acidemia“ (2).

Corticosteroids are not routinely
indicated in sepsis but may be
considered in refractory septic shock,
while bicarbonate therapy remains
reserved for selected patients with
severe metabolic acidosis and acute
kidney injury.

In patients with severe lactic acidosis, vasodilation, reduced
left ventricular contractility, and an impaired catecholamine
response result in hemodynamic instability (79). Although the
use of bicarbonate is controversial, most experts agree that it
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is recommended in patients with metabolic acidosis, when
bicarbonate levels are below 6 mEq/L, and pH is below 7.1
(79-81).

Bicarbonate therapy is not advised for patients with mild
acidosis unless they also have severe acute kidney injury
(82). The recent randomised controlled study did not show
an association of bicarbonate administration with a reduction
in mortality or organ failure in patients with severe metabolic
acidosis (82). However, in a subgroup of patients with AKI,
a reduction in mortality and the need for renal replacement
therapy was observed.

The SSC 2021 guidelines “suggest the use of bicarbonate in
patients with septic shock and severe metabolic acidosis and
acute renal injury’, albeit with a low level of evidence (2).

Conclusion

Sepsis is a life-threatening condition, and treatment success
is time-dependent. The mortality rate of these patients is
high, especially when septic shock develops. Combining the
basic elements of care for septic patients into a one-hour
bundle has become a common approach in the emergency
department. Despite widespread acceptance, it is associated
with numerous challenges. It is still questionable to what
extent their full application is possible in overcrowded and
overloaded EDs. It is important to note that in patients with
suspected sepsis in the ED, a broader differential diagnosis
should be considered, and the probability of sepsis should be
assessed; therefore, diagnostic testing should be expanded
early if necessary. It is crucial to balance early recognition
of sepsis with early initiation of goal-directed therapy, while
also recognizing and treating any other acute disorder that
is causing the patient’s critical condition. Early recognition
of sepsis, early use of the right antibiotic, and appropriate
volume resuscitation, along with early vasopressor and other
supportive measures, can lead to better outcomes for patients
with sepsis.

References

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M
et al. The Third International Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3). JAMA. 2016;315(8):801-10. doi: 10.1001/jama.2016.0287.

2. Evans L,Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C et al.
Surviving sepsis campaign: international guidelines for management of sepsis
and septic shock 2021. Intensive Care Medicine. 2021;47(11):1181-247. doi:
10.1007/s00134-021-06506-y.

3. Chiu C, Legrand M. Epidemiology of sepsis and septic shock. Curr Opin
Anaesthesiol. 2021;34(2):71-6. doi: 10.1097/ac0.0000000000000958.

4. Vincent JL, Jones G, David S, Olariu E, Cadwell KK. Frequency and mortality
of septic shock in Europe and North America: a systematic review and meta-
analysis. Crit Care. 2019;23(1):196. doi: 10.1186/s13054-019-2478-6.

5. Srzi¢ I, Nesek Adam V, Tunji¢ Pejak D. Sepsis Definition: What's New in the
Treatment Guidelines. Acta Clin Croat. 2022;61(Suppl 1):67-72. doi: 10.20471/
acc.2022.61.s1.11.

6. Wang HE, Jones AR, Donnelly JP. Revised National Estimates of Emergency
Department Visits for Sepsis in the United States. Crit Care Med. 2017;45(9):1443-
9. doi: 10.1097/ccm.0000000000002538.

7. Wang HE, Weaver MD, Shapiro NI, Yealy DM. Opportunities for Emergency
Medical Services care of sepsis. Resuscitation. 2010;81(2):193-7. doi: 10.1016/].
resuscitation.2009.11.008.



Journal of the Croatian Society of Emergency Medicine

September 2026, Volume 2, Number 5, PP 149-223

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Levy MM, Evans LE, Rhodes A. The Surviving Sepsis Campaign Bundle: 2018
update. Intensive Care Med. 2018;44(6):925-8. Epub 20180419. doi: 10.1007/
500134-018-5085-0.

Freund Y, Khoury A, Mockel M, Karamercan M, Dodt C, Leach R, et al. European
Society of Emergency Medicine position paper on the 1-hour sepsis bundle

of the Surviving Sepsis Campaign: expression of concern. Eur ] Emerg Med.
2019;26(4):232-3. doi: 10.1097/mej.0000000000000603.

. Yealy DM, Mohr NM, Shapiro NI, Venkatesh A, Jones AE, Self WH. Early Care

of Adults With Suspected Sepsis in the Emergency Department and Out-of-
Hospital Environment: A Consensus-Based Task Force Report. Ann Emerg Med.
2021;78(1):1-19. doi: 10.1016/j.annemergmed.2021.02.006.

. Angus DC, van der Poll T. Severe sepsis and septic shock. N Engl ] Med.

2013;369(9):840-51. doi: 10.1056/NEJMral208623.

. Hotchkiss RS, Monneret G, Payen D. Sepsis-induced immunosuppression: from

cellular dysfunctions to immunotherapy. Nat Rev Immunol. 2013;13(12):862-74.
doi: 10.1038/nri3552.

. Neviere R. Pathophysiology of Sepsis. UpToDate Literature review current

through: Nov 2025 Topic last updated: Nov 01, 2024 In: UpToDate [website]
Waltham, MA: UpToDate; 2024.

. Kwan A, Hubank M, Rashid A, Klein N, Peters MJ. Transcriptional instability

during evolving sepsis may limit biomarker based risk stratification. PLoS One.
2013;8(3):60501. doi: 10.1371/journal.pone.0060501.

. Iskander KN, Osuchowski ME Stearns-Kurosawa DJ, Kurosawa S, Stepien D,

Valentine C et al. Sepsis: multiple abnormalities, heterogeneous responses,
and evolving understanding. Physiol Rev. 2013;93(3):1247-88. doi: 10.1152/
physrev.00037.2012.

. Pinsky MR. Multiple systems organ failure: malignant intravascular

inflammation. Crit Care Clin. 1989;5(2):195-8.

. Vincent JL, De Backer D. Oxygen transport-the oxygen delivery controversy.

Intensive Care Med. 2004;30(11):1990-6. doi: 10.1007/s00134-004-2384-4.

. Aneman A, Vieillard-Baron A. Cardiac dysfunction in sepsis. Intensive Care Med.

2016;42(12):2073-6. doi: 10.1007/s00134-016-4503-4.

. Ince C. The microcirculation is the motor of sepsis. Crit Care. 2005;9 Suppl

4(Suppl 4):513-9. doi: 10.1186/cc3753.

Belousoviene E, Kiudulaite I, Pilvinis V, Pranskunas A. Links between Endothelial
Glycocalyx Changes and Microcirculatory Parameters in Septic Patients. Life
(Basel). 2021;11(8). doi: 10.3390/1ife11080790.

Hooper MH, Weavind L, Wheeler AP, Martin JB, Gowda SS, Semler MW et al.
Randomized trial of automated, electronic monitoring to facilitate early detection
of sepsis in the intensive care unit. Crit Care Med. 2012;40(7):2096-101. doi:
10.1097/CCM.0b013e318250a887.

Alpern ER, Scott HE, Balamuth E Chamberlain JM, Depinet H, Bajaj L et al.
Derivation and Validation of Predictive Models for Early Pediatric Sepsis. JAMA
Pediatr. 2025;179(12):1318-25. doi: 10.1001/jamapediatrics.2025.3892.

Kahn JM, Davis BS, Yabes JG, Chang CH, Chong DH, Hershey TB et al.
Association Between State-Mandated Protocolized Sepsis Care and In-hospital
Mortality Among Adults With Sepsis. Jama. 2019;322(3):240-50. doi: 10.1001/
jama.2019.9021.

Morton B, Stolbrink M, Kagima W, Rylance J, Mortimer K. The Early Recognition
and Management of Sepsis in Sub-Saharan African Adults: A Systematic Review
and Meta-Analysis. Int ] Environ Res Public Health. 2018;15(9). Epub 20180915.
doi: 10.3390/ijerph15092017.

Bolanaki M, Kurland L, Brabrand M, Daniels R, Govender K, Hanses F et al.
Current sepsis management practices in European emergency departments: the
ISG-emergency department European Survey. Eur ] Emerg Med. 2025;32(5):368-
76. doi: 10.1097/mej.0000000000001255.

Srzi¢ 1, Persec J, Juri¢ I, Tunji¢ Pejak D, Bujas Padovan O, Crncevi¢ T et
al. Recommendations for the Management of Sepsis and Septic Shock in
Emergency Medicine. Medicina Fluminensis. 2024;60(4):527-539. doi: 10.21860/
medflum2024_321536.

Caironi P, Tognoni G, Masson S, Fumagalli R, Pesenti A, Romero M, et al.
Albumin replacement in patients with severe sepsis or septic shock. N Engl J
Med. 2014;370(15):1412-21. doi: 10.1056/NEJMoal305727.

Martin GS, Bassett P. Crystalloids vs. colloids for fluid resuscitation in the
Intensive Care Unit: A systematic review and meta-analysis. ] Crit Care.
2019;50:144-54. doi: 10.1016/j.jcrc.2018.11.031.

Perner A, Haase N, Guttormsen AB, Tenhunen J, Klemenzson G, Aneman A, et
al. Hydroxyethyl starch 130/0.42 versus Ringer’s acetate in severe sepsis. N Engl
J Med. 2012;367(2):124-34. doi: 10.1056/NEJMoa1204242.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

30.  Mutter TC, Ruth CA, Dart AB. Hydroxyethyl starch (HES) versus
other fluid therapies: effects on kidney function. Cochrane Database Syst Rev.
2013;2013(7):Cd007594. doi: 10.1002/14651858.CD007594.pub3.

Long B, Gottlieb M. Emergency medicine updates: Management of sepsis and
septic shock. Am ] Emerg Med. 2025;90:179-91. doi: 10.1016/j.ajem.2025.01.054.

Kuttab HI, Lykins D, Hughes MD, Wroblewski K, Keast EP, Kukoyi O et al.
Evaluation and Predictors of Fluid Resuscitation in Patients With Severe
Sepsis and Septic Shock. Crit Care Med. 2019;47(11):1582-90. doi: 10.1097/
ccm.0000000000003960.

Dyson A, Cone S, Singer M, Ackland GL. Microvascular and macrovascular flow
are uncoupled in early polymicrobial sepsis. Br ] Anaesth. 2012;108(6):973-8.
doi: 10.1093/bja/aes093.

Woodcock TE, Woodcock TM. Revised Starling equation and the glycocalyx
model of transvascular fluid exchange: an improved paradigm for prescribing
intravenous fluid therapy. Br ] Anaesth. 2012;108(3):384-94. doi: 10.1093/bja/
aer515.

Bakker J, Kattan E, Annane D, Castro R, Cecconi M, De Backer D et al. Current
practice and evolving concepts in septic shock resuscitation. Intensive Care Med.
2022;48(2):148-63. doi: 10.1007/s00134-021-06595-9.

Perner A, Cecconi M, Cronhjort M, Darmon M, Jakob SM, Pettild V et al. Expert
statement for the management of hypovolemia in sepsis. Intensive Care Med.
2018;44(6):791-8. doi: 10.1007/s00134-018-5177-x.

Guarino M, Perna B, Cesaro AE, Maritati M, Spampinato MD, Contini C et al.
2023 Update on Sepsis and Septic Shock in Adult Patients: Management in the
Emergency Department. ] Clin Med. 2023;12(9). doi: 10.3390/jcm12093188.

Shapiro NI, Douglas IS, Brower RG, Brown SM, Exline MC, Ginde AA et al. Early
Restrictive or Liberal Fluid Management for Sepsis-Induced Hypotension. N Engl
J Med. 2023;388(6):499-510. doi: 10.1056/NEJM0a2212663.

Hernéndez G, Ospina-Tascén GA, Damiani LP, Estenssoro E, Dubin A, Hurtado
J et al. Effect of a Resuscitation Strategy Targeting Peripheral Perfusion Status vs
Serum Lactate Levels on 28-Day Mortality Among Patients With Septic Shock:
The ANDROMEDA-SHOCK Randomized Clinical Trial. Jama. 2019;321(7):654-
64. doi: 10.1001/jama.2019.0071.

Hernandez G, Ospina-Tascén GA, Kattan E, Ibarra-Estrada M, Ramasco E Orozco
N et al. Personalized Hemodynamic Resuscitation Targeting Capillary Refill Time
in Early Septic Shock: The ANDROMEDA-SHOCK-2 Randomized Clinical Trial.
JAMA. 2025;334(22):1988-99. doi: 10.1001/jama.2025.20402.

Muller G, Contou D, Ehrmann S, Martin M, Andreu P, Kamel T et al. Deferring
Arterial Catheterization in Critically Ill Patients with Shock. N Engl ] Med.
2025;393(19):1875-88. doi: 10.1056/NEJMo0a2502136.

Lamontagne E Meade MO, Hébert PC, Asfar P, Lauzier E Seely AJE et al. Higher
versus lower blood pressure targets for vasopressor therapy in shock: a multicentre
pilot randomized controlled trial. Intensive Care Med. 2016;42(4):542-50. doi:
10.1007/s00134-016-4237-3.

Asfar P, Meziani F, Hamel JE Grelon F, Megarbane B, Anguel N et al. High
versus low blood-pressure target in patients with septic shock. N Engl ] Med.
2014;370(17):1583-93. doi: 10.1056/NEJMoal312173.

Gavelli E Castello LM, Avanzi GC. Management of sepsis and septic shock in the
emergency department. Intern Emerg Med. 2021;16(6):1649-61. doi: 10.1007/
§11739-021-02735-7.

Permpikul C, Tongyoo S, Viarasilpa T, Trainarongsakul T, Chakorn T,
Udompanturak S. Early Use of Norepinephrine in Septic Shock Resuscitation
(CENSER). A Randomized Trial. Am ] Respir Crit Care Med. 2019;199(9):1097-
105. doi: 10.1164/rccm.201806-10340C.

Carlos Sanchez E, Pinsky MR, Sinha S, Mishra RC, Lopa AJ, Chatterjee R. Fluids
and Early Vasopressors in the Management of Septic Shock: Do We Have the
Right Answers Yet? J Crit Care Med (Targu Mures). 2023;9(3):138-47. doi:
10.2478/jccm-2023-0022.

Nagendran M, Russell JA, Walley KR, Brett SJ, Perkins GD, Hajjar L et al.
Vasopressin in septic shock: an individual patient data meta-analysis of
randomised controlled trials. Intensive Care Med. 2019;45(6):844-55. doi:
10.1007/s00134-019-05620-2.

Russell JA, Walley KR, Singer J, Gordon AC, Hébert PC, Cooper DJ et al.
Vasopressin versus norepinephrine infusion in patients with septic shock. N
Engl ] Med. 2008;358(9):877-87. doi: 10.1056/NE]Moa067373.

Christ-Crain M, Jaccard-Stolz D, Bingisser R, Gencay MM, Huber PR, Tamm
M et al. Effect of procalcitonin-guided treatment on antibiotic use and
outcome in lower respiratory tract infections: cluster-randomised, single-
blinded intervention trial. Lancet. 2004;363(9409):600-7. doi: 10.1016/s0140-
6736(04)15591-8.

181



Journal of the Croatian Society of Emergency Medicine

September 2026, Volume 2, Number 5, PP 149-223

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

182

Peng F, Chang W, Xie JE Sun Q, Qiu HB, Yang Y. Ineffectiveness of procalcitonin-
guided antibiotic therapy in severely critically ill patients: A meta-analysis. Int |
Infect Dis. 2019;85:158-66. doi: 10.1016/j.ijid.2019.05.034.

Wacker C, Prkno A, Brunkhorst FM, Schlattmann P. Procalcitonin as a diagnostic
marker for sepsis: a systematic review and meta-analysis. Lancet Infect Dis.
2013;13(5):426-35. doi: 10.1016/s1473-3099(12)70323-7.

Najafi A, Khodadadian A, Sanatkar M, Shariat Moharari R, Etezadi E Ahmadi
A etal. The Comparison of Procalcitonin Guidance Administer Antibiotics with
Empiric Antibiotic Therapy in Critically Ill Patients Admitted in Intensive Care
Unit. Acta Med Iran. 2015;53(9):562-7.

Ferrer R, Martin-Loeches I, Phillips G, Osborn TM, Townsend S, Dellinger
RP et al. Empiric antibiotic treatment reduces mortality in severe sepsis and
septic shock from the first hour: results from a guideline-based performance
improvement program. Crit Care Med. 2014;42(8):1749-55. doi: 10.1097/
ccm.0000000000000330.

Liu VX, Fielding-Singh V, Greene JD, Baker JM, Iwashyna TJ, Bhattacharya ]
et al. The Timing of Early Antibiotics and Hospital Mortality in Sepsis. Am J
Respir Crit Care Med. 2017;196(7):856-63. doi: 10.1164/rccm.201609-18480C.

Seymour CW, Gesten F, Prescott HC, Friedrich ME, Iwashyna T}, Phillips GS et al.
Time to Treatment and Mortality during Mandated Emergency Care for Sepsis.
N Engl ] Med. 2017;376(23):2235-44.

Peltan ID, Brown SM, Bledsoe JR, Sorensen J, Samore MH, Allen TL et al.
ED Door-to-Antibiotic Time and Long-term Mortality in Sepsis. Chest.
2019;155(5):938-46. doi: 10.1016/j.chest.2019.02.008.

Bloos F, Riiddel H, Thomas-Riiddel D, Schwarzkopf D, Pausch C, Harbarth
S, et al. Effect of a multifaceted educational intervention for anti-infectious
measures on sepsis mortality: a cluster randomized trial. Intensive Care Med.
2017;43(11):1602-12. doi: 10.1007/s00134-017-4782-4.

Wong CH, Chang HC, Pasupathy S, Khin LW, Tan JL, Low CO. Necrotizing
fasciitis: clinical presentation, microbiology, and determinants of mortality. J
Bone Joint Surg Am. 2003;85(8):1454-60.

Reitz KM, Kennedy J, Li SR, Handzel R, Tonetti DA, Neal MD et al. Association
Between Time to Source Control in Sepsis and 90-Day Mortality. JAMA Surg.
2022;157(9):817-26. doi: 10.1001/jamasurg.2022.2761.

Vakkalanka JP, Harland KK, Swanson MB, Mohr NM. Clinical and epidemiological
variability in severe sepsis: an ecological study. ] Epidemiol Community Health.
2018;72(8):741-5. doi: 10.1136/jech-2018-210501.

Mayr FB, Yende S, Linde-Zwirble WT, Peck-Palmer OM, Barnato AE, Weissfeld
LA et al. Infection rate and acute organ dysfunction risk as explanations for
racial differences in severe sepsis. JAMA. 2010;303(24):2495-503. doi: 10.1001/
jama.2010.851.

Kumar A, Ellis P, Arabi Y, Roberts D, Light B, Parrillo JE et al. Initiation of
inappropriate antimicrobial therapy results in a fivefold reduction of survival
in human septic shock. Chest. 2009;136(5):1237-48. doi: 10.1378/chest.09-0087.

Savage RD, Fowler RA, Rishu AH, Bagshaw SM, Cook D, Dodek P et al. Pathogens
and antimicrobial susceptibility profiles in critically ill patients with bloodstream
infections: a descriptive study. CMAJ Open. 2016;4(4):E569-¢77. doi: 10.9778/
cmajo.20160074.

Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R et al.
Surviving Sepsis Campaign: International Guidelines for Management of Sepsis
and Septic Shock: 2016. Intensive Care Med. 2017;43(3):304-77. doi: 10.1007/
s00134-017-4683-6.

Zelenitsky S, Rubinstein E, Ariano R, Iacovides H, Dodek P, Mirzanejad Y et
al. Vancomycin pharmacodynamics and survival in patients with methicillin-
resistant Staphylococcus aureus-associated septic shock. Int ] Antimicrob Agents.
2013;41(3):255-60. doi: 10.1016/j.jjantimicag.2012.10.015.

Rubinstein E, Lode H, Grassi C. Ceftazidime monotherapy vs. ceftriaxone/

tobramycin for serious hospital-acquired gram-negative infections. Antibiotic
Study Group. Clin Infect Dis. 1995;20(5):1217-28. doi: 10.1093/clinids/20.5.1217.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Safdar N, Handelsman J, Maki DG. Does combination antimicrobial therapy
reduce mortality in Gram-negative bacteraemia? A meta-analysis. Lancet Infect
Dis. 2004;4(8):519-27. doi: 10.1016/s1473-3099(04)01108-9.

Arulkumaran N, Routledge M, Schlebusch S, Lipman ], Conway Morris A.
Antimicrobial-associated harm in critical care: a narrative review. Intensive
Care Med. 2020;46(2):225-35. doi: 10.1007/s00134-020-05929-3.

Gasch O, Camoez M, Dominguez MA, Padilla B, Pintado V, Almirante B et al.
Predictive factors for early mortality among patients with methicillin-resistant
Staphylococcus aureus bacteraemia. ] Antimicrob Chemother. 2013;68(6):1423-
30. doi: 10.1093/jac/dkt016.

Kett DH, Cano E, Quartin AA, Mangino JE, Zervos MJ, Peyrani P et al.
Implementation of guidelines for management of possible multidrug-resistant
pneumonia in intensive care: an observational, multicentre cohort study. Lancet
Infect Dis. 2011;11(3):181-9. doi: 10.1016/s1473-3099(10)70314-5.

Rhee C, Kadri SS, Dekker JP, Danner RL, Chen HC, Fram D et al. Prevalence
of Antibiotic-Resistant Pathogens in Culture-Proven Sepsis and Outcomes
Associated With Inadequate and Broad-Spectrum Empiric Antibiotic Use. JAMA
Netw Open. 2020;3(4):€202899. doi: 10.1001/jamanetworkopen.2020.2899.

Annane D, Sébille V, Charpentier C, Bollaert PE, Francois B, Korach JM et al.
Effect of treatment with low doses of hydrocortisone and fludrocortisone on
mortality in patients with septic shock. Jama. 2002;288(7):862-71. doi: 10.1001/
jama.288.7.862.

Annane D, Bellissant E, Bollaert PE, Briegel ], Confalonieri M, De Gaudio R et
al. Corticosteroids in the treatment of severe sepsis and septic shock in adults:
a systematic review. Jama. 2009;301(22):2362-75. doi: 10.1001/jama.2009.815.

Sprung CL, Annane D, Keh D, Moreno R, Singer M, Freivogel K et al.
Hydrocortisone therapy for patients with septic shock. N Engl | Med.
2008;358(2):111-24. doi: 10.1056/NEJMo0a071366.

Venkatesh B, Finfer S, Cohen J, Rajbhandari D, Arabi Y, Bellomo R et al.
Adjunctive Glucocorticoid Therapy in Patients with Septic Shock. N Engl ] Med.
2018;378(9):797-808. doi: 10.1056/NEJMoal705835.

Rygard SL, Butler E, Granholm A, Meller MH, Cohen J, Finfer S et al. Low-dose
corticosteroids for adult patients with septic shock: a systematic review with
meta-analysis and trial sequential analysis. Intensive Care Med. 2018;44(7):1003-
16. doi: 10.1007/s00134-018-5197-6.

Teja B, Pereira TV, Law AC, Mazer CD, Bosch NA. Effectiveness of fludrocortisone
and hydrocortisone versus hydrocortisone alone in septic shock with and
without pneumonia. Intensive Care Med. 2024;50(9):1535-7. Epub 20240722.
doi: 10.1007/s00134-024-07552-y.

Weil MH, Rackow EC, Trevino R, Grundler W, Falk JL, Griffel MI.
Difference in acid-base state between venous and arterial blood during
cardiopulmonary resuscitation. N Engl ] Med. 1986;315(3):153-6. doi: 10.1056/
nejm198607173150303.

Rudnick MR, Blair GJ, Kuschner WG, Barr J. Lactic Acidosis and the Role of
Sodium Bicarbonate: A Narrative Opinion. Shock. 2020;53(5):528-36. doi:
10.1097/shk.0000000000001415.

Kraut JA, Madias NE. Treatment of acute metabolic acidosis: a pathophysiologic
approach. Nat Rev Nephrol. 2012;8(10):589-601. doi: 10.1038/nrneph.2012.186.

Jung B, Rimmele T, Le Goff C, Chanques G, Corne P, Jonquet O et al. Severe
metabolic or mixed acidemia on intensive care unit admission: incidence,
prognosis and administration of buffer therapy. A prospective, multiple-center
study. Crit Care. 2011;15(5):R238. doi: 10.1186/cc10487.

Jaber S, Paugam C, Futier E, Lefrant JY, Lasocki S, Lescot T et al. Sodium
bicarbonate therapy for patients with severe metabolic acidaemia in the intensive
care unit (BICAR-ICU): a multicentre, open-label, randomised controlled, phase
3 trial. Lancet. 2018;392(10141):31-40. doi: 10.1016/s0140-6736(18)31080-8.



Journal of the Croatian Society of Emergency Medicine September 2026, Volume 2, Number 5, PP 149-223

REVIEW ARTICLE / PREGLEDNI CLANAK

TRISMUS: A NARRATIVE REVIEW OF
ETIOLOGY AND CLINICAL CHALLENGES
FOR HEALTHCARE PROFESSIONALS

TRIZMUS: NARATIVNI PREGLED ETIOLOGIJE I KLINICKIH
[ZAZOVA ZA ZDRAVSTVENE DJELATNIKE

*Marta BanjSak', Marko Jakovac'
https://doi.org/10.64266/amu.2.5.4

Abstract

Trismus is a clinical condition characterized by restricted mouth opening resulting from
functional or structural disturbances of the masticatory system. Although often considered
a symptom rather than a distinct disease, it may indicate a wide range of underlying local
and systemic pathologies. This narrative review aims to provide a comprehensive overview
of the etiology, clinical presentation, diagnosis, and management of trismus, with particular
emphasis on its implications in emergency and critical care settings. A structured literature
search was conducted using PubMed, MEDLINE, and Google Scholar, including clinical
guidelines, randomized controlled trials, and observational studies relevant to difficult
airway management. The etiology of trismus is multifactorial, with common causes
including odontogenic infections, trauma, temporomandibular disorders, complications
of dental procedures, and head and neck malignancies or their treatment. Clinically, trismus
significantly affects quality of life and may lead to serious complications if not promptly
recognized and managed. In emergency medicine, it represents a major challenge due to
its impact on airway management, increasing the risk of difficult intubation and adverse
outcomes. Current guidelines emphasize early recognition, careful planning, and the use of
advanced airway techniques. A multidisciplinary approach is essential to optimize patient
outcomes and minimize complications.

Key words: airway management; critical care; intubation, intratracheal; odontogenic
infections; trismus.

Sazetak

Trizmus je klinic¢ko stanje obiljezeno ograni¢enim otvaranjem usta koje nastaje kao
posljedica funkcionalnih ili strukturnih poremecaja zva¢nog sustava. lako se Cesto
smatra simptomom, a ne zasebnom bole$¢u, moze ukazivati na $irok raspon lokalnih
i sistemskih patoloskih stanja. Cilj ovog narativnog pregleda jest pruziti sveobuhvatan
prikaz etiologije, klinicke slike, dijagnostike i lije¢enja trizmusa, s posebnim naglaskom na
njegove implikacije u hitnoj i intenzivnoj medicini. Provedeno je strukturirano pretrazivanje
literature koriStenjem baza PubMed, MEDLINE i Google Scholar, uklju¢uju¢i klinicke
smjernice, randomizirana kontrolirana ispitivanja i opservacijske studije relevantne za
zbrinjavanje otezanog di$nog puta. Etiologija trizmusa je multifaktorijalna, a najces¢i uzroci
uklju¢uju odontogene infekcije, traumu, temporomandibularne poremecaje, komplikacije
stomatoloskih zahvata te maligne bolesti glave i vrata ili njihovo lije¢enje. Klinicki, trizmus
znacajno utjece na kvalitetu Zivota te moze dovesti do ozbiljnih komplikacija ako se ne
prepozna i ne lijeci pravodobno. U hitnoj medicinskoj sluzbi predstavlja veliki izazov zbog
utjecaja na zbrinjavanje di$nog puta, povecavajuci rizik od otezane intubacije i nepovoljnih
ishoda. Trenutne smjernice naglasavaju vaznost ranog prepoznavanja, pazljivog planiranja
i primjene naprednih tehnika osiguravanja di$nog puta. Multidisciplinarni pristup klju¢an
je za optimizaciju ishoda lijeCenja i smanjenje komplikacija.

Kljucne rijeci: intenzivna skrb; endotrahealna intubacija; odontogene infekcije; trizmus;
upravljanje di$nim putem
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Introduction

Trismus is a clinical condition defined by a limited ability to
open the mouth, arising from either functional disturbances
or structural alterations within the masticatory system.
While it is commonly regarded as a symptom rather than a
distinct disease, it represents a clinically significant sign that
may reflect underlying local or systemic disorders (1). This
condition can substantially impair health-related quality of
life (QoL), contributing to temporomandibular dysfunction
(TMD), restricted food intake, muscle pain, and increased
muscular tension (2).

Trismus is a multifactorial condition
affecting mouth opening and function

In both dental and broader medical settings, identification
of trismus is crucial, as it can compromise essential activities
such as chewing, speaking, and maintaining oral hygiene.
Furthermore, it presents a notable challenge in airway
management, particularly during endotracheal intubation (3).
In response to these risks, various professional organizations
have established protocols and guidelines aimed at enhancing
the safety and effectiveness of airway management (1-3).

Methodology

This manuscript is presented as a narrative review synthesizing
both general information on trismus and evidence-based
recommendations for managing the difficult airway. We
conducted a comprehensive literature review using multiple
databases, including PubMed, MEDLINE, and Google Scholar.
Search terms included combinations of “difficult airway; “ICU
intubation,” and “trismus” Boolean operators (AND, OR) were
used to expand or narrow results based on thematic relevance.
We included clinical practice guidelines (e.g., American
Society of Anesthesiologists [ASA] 2022 (1) and Difficult
Airway Society [DAS] 2025 (3)), randomized controlled trials,
observational studies, meta-analyses, and expert consensus
statements relevant to adult airway management in critical
care and trismus.

Etiology

The etiology of trismus is diverse and multifactorial.
Odontogenic infections are among the most frequent
etiologies, especially those originating in the mandibular
molar region, where inflammatory processes may spread to
adjacent masticatory muscles. Trauma, including mandibular
fractures or soft tissue injuries, may also result in restricted
mouth opening due to pain, edema, or mechanical obstruction.
Furthermore, TMD are a common contributing factor,
with joint dysfunction or internal derangements playing a
significant role in the development of trismus.

Complication of Infection

Dental infection must be suspected in patients with acute
trismus, as severe dental infections involving the masticatory

184

muscles often cause trismus (6). Such infections have the
potential to spread into adjacent fascial spaces of the head
and neck, occasionally leading to serious and life-threatening
complications, including cervical cellulitis and mediastinitis
(7). Among dental causes, pericoronitis is particularly
commonly associated with the development of trismus (8).
Examples of infections from non-odontogenic sources that
may trigger trismus include tonsillitis, parotid abscess, tetanus,
meningitis, and brain abscess (4).

Complication of Local Anesthesia

Trismus may occur as a complication following an inferior
alveolar nerve block. During the administration of this
block, the masticatory muscles, mainly the medial pterygoid
muscle, can be accidentally penetrated, resulting in pain-
related trismus. Stretching of the affected muscle provokes
pain, triggering a reflex contraction that restricts mandibular
movement (4). Additionally, the formation of an intramuscular
hematoma may contribute to the development of trismus.
Damage to the inferior alveolar vessels can result in bleeding
within the pterygomandibular space, further limiting jaw
mobility (4). When trismus develops within two to three
days after the procedure, it is most commonly associated with
infection along the needle pathway (5).

Odontogenic infections are a leading
cause of acute trismus cases

Complication of Dental Extractions

Pain, limited mouth opening, and postoperative swelling
are among the most frequently observed complications
following the surgical removal of mandibular third molars,
which influence the patient’s QoL in the postoperative period
(6). These manifestations are primarily the result of the
inflammatory response to surgical trauma and are short-term.
The transient jaw stiffness usually peaks on the 2nd day and
resolves by the end of the 1st week (7).

Sign of Temporomandibular Disorders (TMD)

Temporomandibular disorders (TMDs) encompass pain
and dysfunction of the temporomandibular joint (TM]) and
the associated masticatory muscles. They are commonly
present with facial and preauricular pain, joint sounds during
function, and restricted mandibular movement. Consequently,
patients presenting with reduced mouth opening often have
an underlying TMD. Among the various subtypes, myofascial
pain and disc displacement without reduction may contribute
to the development of trismus (8).

Sign of Malignancy and/or complication of Head and
Neck Cancer Treatment
Trismus is rarely the initial manifestation of malignancy;

however, it is frequently observed in patients with head and
neck cancer (9). Reported prevalence varies widely in the
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literature, ranging from 0% to 100%, depending on cancer
location and extent (10). Further diagnostic evaluation,
including radiographic imaging and specialist referral, should
be considered when trismus is accompanied by the following
clinical features (11):

1. Maximal mouth opening less than 15 millimeters (mm)
2. Absence of joint clicking history
3. Pain of non-myofascial origin (e.g., neuralgia)

4. Presence of lymphadenopathy

Trismus significantly complicates
airway management in emergency care

Trismus is also a frequent complication of head and neck
cancer and its treatment. Recent studies report an incidence
of approximately 38% to 42% among affected patients (12,13).
Radiotherapy may induce fibrosis of the temporomandibular
joint or masticatory muscles, resulting in restricted mouth
opening. The risk of trismus is particularly increased when
the medial pterygoid muscle lies within the radiation field. In
addition, surgical management of head and neck malignancies
may lead to scarring of the masticatory musculature, further
contributing to mandibular mobility (14).

In patients who develop trismus following oncological
treatment, it is essential to distinguish whether it represents
a treatment-related complication or an early sign of cancer
recurrence (10).

Diagnosis, clinical presentation and management

Diagnosis of trismus is primarily established through clinical
evaluation, including measurement of maximal mouth opening
and assessment of accompanying symptoms. A comprehensive
medical and dental history is essential for identifying the
underlying etiology. In cases where structural abnormalities,
trauma, or neoplastic conditions are suspected, additional
imaging modalities such as computed tomography (CT) or
magnetic resonance imaging (MRI) may be indicated (15).
Clinically, trismus is characterized by a reduced interincisal
distance, typically below 35 mm, whereas normal mouth
opening ranges from 35 to 45 mm, with males generally
exhibiting slightly greater values (approximately 40-60 mm,
average 50 mm) (16).

Patients commonly report pain, stiffness, and difficulty
performing everyday oral functions, including eating,
speaking, and maintaining oral hygiene. In more advanced
cases, nutritional intake and overall QoL may be significantly
affected. The underlying cause largely determines management,
with conservative treatment approaches preferred initially.
These include physiotherapy with jaw-opening exercises,
thermotherapy, and pharmacological interventions such as
nonsteroidal anti-inflammatory drugs or muscle relaxants
(9). In the presence of infection, appropriate antibiotic
therapy and, when necessary, surgical drainage are required

(7). Chronic or severe cases, particularly those associated
with fibrosis, may necessitate more advanced treatments,
including jaw mobilization devices or surgical intervention.
If left untreated, trismus can result in multiple complications,
such as impaired oral hygiene, increased risk of dental disease,
speech difficulties, and nutritional deficiencies. Therefore,
early diagnosis and appropriate management are essential to
prevent long-term functional impairment (14).

Difficulties in Emergency and Clinical Care

Trismus is a well-recognized contributor to difficult airway
management and represents a significant clinical challenge
that requires a structured, well-prepared approach. Limitation
of mouth opening directly interferes with standard airway
techniques, complicating both ventilation and intubation. In
severe cases, trismus can render conventional approaches,
such as orotracheal intubation or the use of supraglottic
airway devices, impossible. As a result, airway management in
these patients remains one of the most demanding aspects of
emergency and intensive care practice, where rapid decision-
making and technical expertise are critical to preventing
adverse outcomes.

Early diagnosis and imaging are key in
identifying underlying etiology

Over the past decade, several professional associations have
developed comprehensive guidelines to improve the safety
and success of difficult airway management. The American
Society of Anesthesiologists updated its difficult airway
guidelines in 2022, emphasizing early recognition of airway
difficulty, pre-procedural planning, and the integration of
modern tools such as video laryngoscopy (1). Similarly, the
Difficult Airway Society (DAS) published its 2025 guidelines
(3), which provide a clear, stepwise algorithm for managing
unanticipated difficult intubation in adults, progressing from
initial intubation attempts to emergency front-of-neck access
if required. In the intensive care setting, the Intensive Care
Society, in collaboration with DAS, issued guidelines in 2018
that address the unique challenges of critically ill patients,
particularly highlighting the importance of achieving first-
pass success and minimizing hypoxia (17). Comparable
recommendations have also been published by the French
Society of Anesthesia and Intensive Care, as well as broader
critical care organizations such as the American College
of Chest Physicians and the American Thoracic Society, all
reinforcing the need for preparedness and standardized
approaches (18). Despite these advances, unanticipated difficult
airways continue to occur and are associated with serious
complications, including hypoxia, brain injury, and death.
Trismus significantly contributes to this risk by impairing
bag-mask ventilation and limiting access to the oropharynx.
In situations where nasal intubation is contraindicated and
mouth opening is severely restricted, alternative strategies
such as submental intubation or awake tracheostomy may be
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required. However, these techniques are invasive and carry
a higher risk of complications, including infection, bleeding,
fistula formation, tracheal injury, voice changes, and cosmetic
deformities, when compared with standard oral intubation.
For this reason, emphasis is increasingly placed on early
identification of potential airway difficulty, careful planning,
and the use of less invasive techniques whenever feasible
(19). Predicting difficult airway scenarios remains inherently
challenging. Therefore, clinicians must maintain a high level
of vigilance and be prepared for unexpected difficulties
in all settings. When uncertainty exists, cautious direct
laryngoscopy under topical anesthesia or minimal sedation
may be performed to assess the feasibility of intubation. Awake
tracheal intubation, in particular, has been shown to have a
high success rate and favorable safety profile, yet it remains
underutilized despite being strongly recommended in cases
of anticipated difficult airway (2,20).

Multidisciplinary approach improves
outcomes in trismus management

Among the various etiological factors, odontogenic infections
are one of the most common causes of trismus. These
infections can rapidly spread to adjacent fascial spaces,
increasing the risk of airway compromise and systemic
complications. Prompt and effective management is therefore
essential. The cornerstone of treatment is incision and drainage
of the abscess, which relieves pressure, reduces swelling, and
eliminates the primary source of infection, often resulting in
immediate clinical improvement. Adjunctive antibiotic therapy
is indicated in cases of systemic involvement, such as fever,
diffuse swelling, or immunocompromised status (21,22).

In selected clinical scenarios, alternative airway techniques
may provide additional options. One such method is
retromolar intubation (Figure 1), which utilizes the anatomical
space located posterior to the last molar, bounded by the
mandibular ramus and macxillary tuberosity. This space is
present in all individuals and can be accessed by retracting

Figure 1. Retromolar intubation
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the angle of the mouth. Although often described as a
distinct technique, many reports refer to standard intubation
followed by repositioning of the endotracheal tube into the
retromolar space. This approach preserves dental occlusion
and offers particular advantages in maxillofacial, orthognathic,
oncologic, and trauma surgeries, where surgical access and
occlusal alignment are critical (23,24).

Overall, the management of trismus-related difficult
airway requires a multidisciplinary approach involving
anesthesiologists, surgeons, and nursing staff. Continuous
education, simulation-based training, and familiarity with
evolving airway technologies are essential components of
improving patient outcomes. Given the potentially life-
threatening consequences of airway compromise, a proactive,
well-coordinated strategy remains the cornerstone of safe and
effective management.

Conclusion

Trismus is a multifactorial clinical condition with significant
implications for both dental and medical practice. Its diverse
etiology requires thorough clinical evaluation to identify the
underlying cause and guide appropriate management. Beyond
its impact on oral function and quality of life, trismus represents
a critical concern in emergency and intensive care settings due
to its association with difficult airway management. Despite
advances in airway guidelines and techniques, it continues
to pose a substantial challenge, particularly in unanticipated
scenarios. Early recognition, accurate diagnosis, and timely
intervention are essential to prevent complications and
improve patient outcomes. A multidisciplinary approach,
supported by adherence to evidence-based guidelines and
ongoing clinician training, remains fundamental in ensuring
safe and effective management of patients with trismus.
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CASE REPORT / PRIKAZ SLUCAJA

FROM PHARYNGITIS TO MULTIPLE
ORGAN DYSFUNCTION SYNDROME:
RAPID PROGRESSION OF INVASIVE
STREPTOCOCCUS PYOGENES
INFECTION

OD FARINGITISA DO VISEORGANSKOG ZATAJENJA
ORGANA: BRZA PROGRESIJA INVAZIVNE INFEKCIJE
UZROKOVANE BETA-HEMOLITICKIM STREPTOKOKOM
GRUPE A

*Nikola Klarié', Damir Ro$i¢"2, Anamarija Madunic¢', Paula Frani¢', Julia Grguri¢'
https://doi.org/10.64266/amu.2.5.5

Abstract
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Case presentation: A previously healthy 28-year-old male with a reported penicillin *Corresponding author:
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resulting in clinical recovery. ORCID ID:
Discussion: This case highlights the potential for rapid progression of invasive Streptococcus Nikola Klaric:
pyogenes infection from pharyngitis to sepsis with MODS in a young, otherwise healthy 0009-0009-9321-7842
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Conclusion: Early recognition and prompt treatment of invasive infections caused by Anamaria Maduni:
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Keywords: emergency medicine; invasive infection; multiple organ dysfunction syndrome; Paula Franic:
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Julia Grgurié:

Sazetak 0009-0001-5323-1158

Uvod: Invazivne infekcije uzrokovane bakterijom Streptococcus pyogenes mogu brzo
progredirati od naizgled nekompliciranih infekcija gornjih dignih puteva do teske sistemske
bolesti pracene multiorganskom disfunkcijom.

Prikaz slucaja: Prethodno zdrav 28-godi$nji muskarac s alergijom na penicilin javio se
zbog Cetverodnevnog febrilnog stanja pracenog grloboljom, povracanjem i pleuritickom
boli u prsima. Rezultati laboratorijskih nalaza ukazali su na izrazito poviSene upalne
pokazatelje, laktate, akutno bubrezno ostecenje i poremecaj koagulacije. Mikrobioloskom
obradom hemokultura izoliran je Streptococcus pyogenes. Radioloskom obradom
utvrden je lijevostrani pleuralni izljev i manji perikardni izljev. Primijenjeno je intravensko
antimikrobno lije¢enje uz parcijalnu drenazu pleuralnog izljeva, nakon ¢ega je uslijedio
Kklinicki oporavak.
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Rasprava: Ovaj slu¢aj ukazuje na mogu¢nost brze progresije invazivne infekcije uzrokovane
bakterijom Streptococcus pyogenes od faringitisa do sepse sa sindromom multiorganske

disfunkcije kod mladog, prethodno zdravog bolesnika.

Zakljucak: Rano prepoznavanje i pravodobno lije¢enje invazivnih infekcija beta-
hemolitickim streptokokom grupe A klju¢ni su za povoljan ishod.

Kljucne rijeci: hitna medicina; invazivna infekcija; sepsa; sindrom multiorganske

disfunkcije; streptococcus pyogenes.

Introduction

Group A beta-hemolytic streptococcus (Streptococcus
pyogenes) is a Gram-positive bacterium most commonly
associated with upper respiratory tract infections, particularly
pharyngitis, as well as skin and soft tissue infections. Although
most infections are mild and self-limiting, invasive group A
streptococcal (IGAS) infections remain an important cause of
morbidity and mortality worldwide (1,2).

Clinical manifestations of invasive group A streptococcal
infection include bacteremia, pneumonia, pleural infections,
necrotizing fasciitis, streptococcal toxic shock syndrome
(STSS), and multiple organ dysfunction syndrome (MODS)
(2,3). Severe disease is associated with several virulence
factors, including the M protein and streptococcal pyrogenic
exotoxins, which act as superantigens and may trigger an
exaggerated systemic inflammatory response, endothelial
injury, coagulopathy, and multiple organ dysfunction (3). In
recent years, an increase in the incidence of invasive group
A streptococcal infections has been reported across several
European countries and other developed regions, further
emphasizing the importance of early recognition and timely
treatment (4,5). Invasive infections may occur in individuals
of all ages and with variable risk factors (3).

We report a case of rapidly progressive invasive
Streptococcus pyogenes infection complicated by pleural
empyema, pericardial effusion, sepsis, and multiple organ
dysfunction syndrome in a previously healthy young adult.

Published under the Creative Commons
Attribution 4.0 International License

https://creativecommons.org/licenses/by/4.0

Invasive Streptococcus pyogenes
infection may rapidly progress from
uncomplicated pharyngitis to sepsis

with multiple organ dysfunction
syndrome, even in previously healthy
adults.

Case report

A previously healthy 28-year-old man with a history of
penicillin allergy and active smoking presented to the
Emergency Department with a four-day history of fever,
sore throat, and vomiting. He had been treated with oral
azithromycin in the outpatient setting for presumed
streptococcal pharyngitis. One day before admission, he
developed pleuritic pain in the left hemithorax radiating to
the left shoulder.

On presentation, the patient was fully alert and afebrile (36.5
°C), but markedly tachypneic (respiratory rate 51 breaths/
min) and tachycardic (heart rate 130 beats/min), with a blood
pressure of 135/75 mmHg and peripheral oxygen saturation
of 96% on room air. Physical examination revealed enlarged
tonsils without visible exudate. Pulmonary auscultation
demonstrated markedly diminished breath sounds over the
left lower lung field.

Table 1. Changes in laboratory parameters during hospitalization

Parameter On admission hosi I.)urfng At discharge Al

ospitalization range
White blood cell count (x10°/L) 11.2 24.4 7.4 3.4-9.7
C-reactive protein (mg/L) 485.4 485.4 66.8 0.2-5.0
Procalcitonin (ng/mL) 38.36 38.36 0.05 <0.10
Platelet count (x10°/L) 76 33 432 158-424
Creatinine (pumol/L) 225 225 58 64-104
Urea (mmol/L) 12.2 20.1 <1.8 2.8-8.3
Lactate (mmol/L) 2.9 2.9 1.8 0.5-2.2
D-dimer (pg/L) >4400 >4400 >4400 <500
Aspartate aminotransferase (AST) (IU/L) 49 49 23 11-34
Alanine aminotransferase (ALT) (IU/L) 114 114 50 9-59
Prothrombin activity (%) 73 115 102 >70
International normalized ratio (INR) 1.16 1.16 0.99 *
Fibrinogen (g/L) 5.8 >8.8 >8.8 1.8-3.5
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Laboratory investigations revealed a pronounced systemic
inflammatory response characterized by markedly elevated
inflammatory markers and lactate levels, thrombocytopenia,
acute kidney injury, and coagulation abnormalities. During
hospitalization, thrombocytopenia and leukocytosis
transiently worsened before inflammatory markers, renal
function, and liver enzyme levels gradually normalized. The
temporal changes in the main laboratory parameters are
presented in Table 1.

Radiological evaluation revealed a left-sided pleural effusion
with compressive atelectasis of the adjacent lung parenchyma
and findings consistent with pleural empyema, together with a
small pericardial effusion without hemodynamic compromise.
The chest radiograph obtained on admission is shown in
Figure 1.

Blood cultures yielded Streptococcus pyogenes. According
to the antimicrobial susceptibility testing, the isolate was
susceptible to the empirically initiated antimicrobial
therapy, which was therefore continued. Based on the
clinical presentation and laboratory and imaging findings,
the patient was admitted to the intensive care unit with a
diagnosis of sepsis complicated by pleural empyema (pleural
fluid was obtained for biochemical and microbiological
analysis), pericarditis, acute kidney injury, and sepsis-
induced coagulopathy. The NEWS2 score on admission was
5, indicating an intermediate risk of clinical deterioration.
Empirical intravenous antimicrobial therapy with meropenem
and clindamycin was initiated together with supportive
treatment and low-molecular-weight heparin. Partial
drainage of the pleural space was performed. Because of the
markedly elevated D-dimer levels, pleuritic chest pain, and
tachypnea, pulmonary embolism was initially considered
in the differential diagnosis but was excluded by computed
tomography pulmonary angiography. Deep vein thrombosis

Figure 1. Chest radiograph on admission
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was excluded by duplex ultrasonography of the lower-
extremity veins.

During hospitalization, inflammatory markers gradually
declined, renal function recovered, and the platelet count
normalized. After 24 days of hospitalization, the patient was
discharged home afebrile, without respiratory symptoms, and
in good clinical condition. At discharge, elevated D-dimer
levels persisted, consistent with the recent septic state.

Discussion

This case illustrates the rapid progression from acute
pharyngitis to sepsis with multiple organ dysfunction in
a previously healthy young adult. The patient fulfilled the
Sepsis-3 criteria for sepsis, presenting with acute kidney
injury and coagulation abnormalities. These findings
represent organ dysfunction secondary to sepsis and reflect
the well-established pathophysiological mechanisms of
invasive group A streptococcal infection, including systemic
inflammatory response and activation of the coagulation
cascade (2,5).

A particularly noteworthy feature of this case was the
simultaneous involvement of the pleura and pericardium.
Pleural empyema is a rare but well-recognized complication of
invasive group A streptococcal infection, whereas pericardial
involvement is considerably less common and has mainly
been described in isolated case reports (6,7). In our patient,
imaging studies demonstrated pleural empyema, while
echocardiography revealed a small circumferential pericardial
effusion without hemodynamic significance.

Early recognition, prompt antimicrobial
therapy, and timely source control
are essential for favorable clinical

outcomes.

Management of invasive group A streptococcal infection is
based on early administration of appropriate antimicrobial
therapy and prompt source control. In addition to beta-lactam
antibiotics, clindamycin plays an important role because of
its ability to inhibit streptococcal toxin production and is
therefore recommended in severe invasive disease (2). In the
present case, early recognition of sepsis, prompt initiation
of antimicrobial therapy, and partial drainage of the pleural
empyema resulted in complete clinical recovery.

Conclusion

This case demonstrates that invasive group A streptococcal
infection may rapidly progress from apparently uncomplicated
pharyngitis to sepsis with multiple organ dysfunction
syndrome, even in previously healthy individuals. Early
recognition of invasive disease, timely diagnostic evaluation,
and prompt initiation of appropriate treatment are essential
for achieving a favorable clinical outcome.
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RHABDOMYOLYSIS AS A RESULT OF
CAFFEINE INTOXICATION IN A SUICIDE
ATTEMPT: A CASE REPORT

RABDOMIOLIZA KAO POSLJEDICA INTOKSIKACIJE
KOFEINOM U POKUSAJU SUICIDA: PRIKAZ SLUCAJA
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Abstract

Background: Caffeine intoxication is an increasingly recognized clinical entity due to the 1 Neuropsychiatric Hospital “dr. lvan
. e . .. . Barbot*“, Popovaca, Croatia

widespread availability of caffeine-containing products. Among its broad spectrum of o _ _

cardiovascular and metabolic manifestations, severe complications such as rhabdomyolysis 2 University Hospital Sveti Du,

al Zagreb, Croatia
may also occur.
Y *Gorresponding author:

Case presentation: A 19-year-old male patient was admitted to the emergency department Anamariia Madunié, MD

due to intoxication. As reported by the out-of-hospital emergency care physician, the Neuropsychiatric Hospital
patient ingested 200 tablets, each containing 200 mg of caffeine. Symptoms included sinus J‘g;n";‘;‘d[;i;bﬁlti"cla ;
tachycardia with a heart rate of 140/min without hemodynamic compromise, profuse 44317, Popovata, Croatia
vomiting of dark-colored content, and agitation. Initial laboratory tests demonstrated e-mail: . ,

. . . . . . e . madunic.anamarija@gmail.com,
leukocytosis, hypokalemia and mixed acid-base disturbance. The patient was initially Phone number: +385 99 212 3833

treated with symptomatic and supportive therapy. An increasing trend of creatine kinase
(500 IU/L to >5000 IU/L) suggested rhabdomyolysis. Therefore, he was admitted to the
intensive care unit. Improvement in somatic condition and hemodynamic stabilization were
observed. The patient was discharged and referred for further treatment at a psychiatric
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institution. . .

Mihaela Le$ Golub
Discussion: This case illustrates the variability in the clinical presentation of caffeine Julia Gruric
intoxication, with rhabdomyolysis but without malignant arrhythmias or acute kidney 0009-0001-5323-1158
injury despite ingestion of a potentially lethal dose. Paula Frani¢

Conclusion: Early supportive therapy, close clinical observation and awareness of less 0009-0003-3241-7302

common manifestations are essential for achieving favorable outcomes in patients with Nikola Klari¢

o 0009-0009-9321-7842
caffeine intoxication.

. . . . 0Ozana Bujas Padovan
Keywords: caffeine; rhabdomyolysis; tachycardia; toxicology 0009-0000-1007-6242

Sazetak

Uvod: Intoksikacija kofeinom sve se ¢e$ce pojavljuje kao klinicki entitet zbog $iroke
dostupnosti proizvoda koji sadrze kofein. Uz $irok spektar kardiovaskularnih i metabolickih
manifestacija mogu se javiti i teSke komplikacije, poput rabdomiolize.

Prikaz slucaja: Devetnaestogodisnji muskarac zaprimljen je u hitni bolnicki prijam zbog
intoksikacije. Prema navodu lije¢nika izvanbolnicke hitne medicinske sluzbe, bolesnik je
konzumirao 200 tableta, od kojih je svaka sadrzavala 200 mg kofeina. Simptomi su bili
sinusna tahikardija frekvencije 140/min bez hemodinamske nestabilnosti, obilno povracanje
tamnog sadrZaja i psihomotorni nemir. Pocetni laboratorijski nalazi pokazali su leukocitozu,
hipokalemiju i mijeSani acidobazni poremecaj. Primijenjeno je simptomatsko i suportivno
lijecenje. Porast vrijednosti kreatin-kinaze (od 500 IU/L do >5000 IU/L) upucivao je na
razvoj rabdomiolize, zbog ¢ega je bolesnik premjesten u jedinicu intenzivne medicine.
Tijekom hospitalizacije doslo je do pobolj$anja somatskog stanja i hemodinamske
stabilizacije. Bolesnik je otpusten iz bolnice te upucen na daljnje psihijatrijsko lije¢enje.
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Rasprava: Ovaj prikaz sluc¢aja pokazuje veliku varijabilnost klinicke slike intoksikacije
kofeinom, pri ¢emu se unato¢ unosu potencijalno letalne doze razvila rabdomioliza, ali

bez malignih aritmija i akutnog bubreznog ostecenja.

Zakljucak: Rano suportivno lijecenje, pomno klinicko pracenje i prepoznavanje rjedih
manifestacija klju¢ni su za postizanje povoljnog ishoda u bolesnika s intoksikacijom

kofeinom.

Klju¢ne rijeci: kofein; rabdomioliza; tahikardija; toksikologija

Introduction

Caffeine is currently regarded as the most widely used
psychostimulant in the world and is available in many foods,
beverages and nutritional supplements (1,2). Although
generally considered safe at moderate doses, below 400
mg per day, caffeine intake can cause toxicity at much
higher, gram quantities (2). Caffeine is absorbed from the
gastrointestinal tract within 45 minutes, reaching almost
complete bioavailability (1). High caffeine doses induce
sympathetic nervous system activity through adenosine
antagonism and phosphodiesterase inhibition, resulting in
positive chronotropic and inotropic effects. By elevating the
intracellular cyclic adenosine monophosphate and calcium
levels, cardiac contractility is additionally enhanced. This
mechanism may contribute to the development of arrhythmias
(3). The clinical presentation of acute caffeine intoxication
includes cardiovascular, metabolic, gastrointestinal,
neurological/psychological, musculoskeletal and pulmonary
symptoms. Although rare, renal failure has also been described
secondary to rhabdomyolysis. The cause of this rare clinical
feature lies in the induced intracellular calcium release which
increases contractile force in the skeletal muscles (2,3). The
clinical symptoms are dose-dependent, from mild stimulation
to intoxication, which can occur at about 1-2 g of caffeine or
serum concentration of >15 mg/L (1). The pharmacokinetic
properties of caffeine, such as low plasma protein binding and
low volume of distribution, make hemodialysis an effective
treatment option in severe intoxication (2).

Caffeine intoxication may cause
rhabdomyolysis and acute kidney injury.

Case presentation

A 19-year-old male patient was admitted to the emergency
department due to intoxication. As reported by the out-of-
hospital emergency care physician, the patient ingested 200
tablets, each containing 200 mg of caffeine, mixed with an
energy drink. The medical history revealed suicidal ideation
and one previous suicide attempt involving alcohol and
diazepam ingestion. Symptoms associated with intoxication
included sinus tachycardia with a heart rate of 140/min without
hemodynamic compromise, profuse vomiting of dark-colored
content, and agitation. Further physical examination revealed
no additional abnormalities. The patient also reported a sore
throat, upper limb pain, palpitations and nausea. The initial
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electrocardiogram demonstrated sinus tachycardia without
ST-segment or T-wave abnormalities. Initial laboratory tests
demonstrated leukocytosis (14.1x109 L), hypokalemia (2.3
mmol/L) and arterial blood gas findings consistent with
respiratory alkalosis and concomitant metabolic acidosis
(pH 7.473; P CO, 2.18 kPa, HCO5~ 10 mmol/L; base excess
-9 mmol/L). Mildly elevated liver enzymes (AST 65-128
IU/L; ALT 57 IU/L) and D-dimers (746 mg/L) were noted.
Creatine kinase (CK) levels were markedly elevated. The
patient was initially treated with symptomatic and supportive
therapy, including intravenous crystalloid and diazepam
administration (10 mg in 500 ml of 0.9% NaCl solution), as
well as intravenous potassium replacement (30 mEq KCI).
Nasogastric tube placement was attempted to facilitate
gastrointestinal decontamination; however, it was unsuccessful
due to patient’s psychomotor agitation. An increasing trend of
CK (500 IU/L to 5317 IU/L) suggested rhabdomyolysis, in the
context of intoxication and psychomotor agitation. Therefore,
requiring monitoring of renal and cardiac function, he was
admitted to the intensive care unit (ICU).

The key events during the patient’s clinical course are
summarized in Table 1.

Serum creatinine remained within the reference range (74-
89 mmol/L) throughout hospitalization, and the patient did
not meet KDIGO criteria for acute kidney injury. Initially, the
patient was psychotic with expressed suicidal intent. Later
during hospitalization, he was cooperative, with correction
of metabolic parameters, cessation of vomiting and rhythm
stabilization. Continuous cardiac monitoring was performed
throughout the three-day ICU stay, and no malignant
arrhythmias or conduction abnormalities were documented.
Improvement in somatic condition and hemodynamic
stabilization were observed. Following regression of relevant
laboratory parameters under conservative therapy, the
patient was discharged and referred for further treatment at
a psychiatric institution. Adequate fluid intake was emphasized
among recommendations.

Table 1. Timeline of the clinical course

Time Event

0h Caffeine ingestion

4:30h ED presentation

12h CK increase; ICU admission
96 h Discharge
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Discussion

Clinical presentation of acute caffeine intoxication is
characterized by a broad spectrum of symptoms, from
sympathomimetic ones to serious cardiovascular and
metabolic complications (1,2). The most frequently described
early symptoms are severe vomiting and hypokalemia
which may serve as diagnostic clues (2). Although our
patient presented with tachycardia without hemodynamic
compromise, literature suggests more critical presentations
(2,4,5). In the case reported by Harsten et al., polymorphic
ventricular tachycardia and dangerous acid-base disturbances
occurred after 20 g of caffeine ingestion (4). Mitomo et al.
described supraventricular tachycardia with a heart rate of
more than 240/min following ingestion of 9.8 g of caffeine
(5). Delayed absorption, emesis, genetic differences and early
treatment may result in heterogeneous clinical outcomes (2).
Although the reported ingested dose was approximately 40 g
of caffeine, the clinical course was considerably milder than
expected. Factors such as repeated emesis with incomplete
gastrointestinal absorption, delayed gastric emptying,
uncertainty regarding the reported dose and interindividual
variability in caffeine pharmacokinetics may explain this
discrepancy. Therefore, the reported ingested dose should be
interpreted cautiously to avoid underestimating the potentially
lethal toxicity of massive caffeine overdose (1,2).

Supportive therapy remains the
cornerstone of caffeine intoxication
management.

While gastrointestinal decontamination should be considered
after potentially life-threatening caffeine ingestion, its
application may be limited by agitation and inability to
maintain nasogastric access (1,2). Increased muscle activity
caused by excessive catecholamine release and psychomotor
agitation may lead to muscle injury (2,3). Rhabdomyolysis has
been described in about 10% of cases of caffeine intoxication
and may lead to acute kidney injury. In this case report,
the patient did not develop renal complications, despite CK
levels exceeding 5000 IU/L, likely due to prompt initiation of
supportive therapy. Serial creatine kinase monitoring should be
performed in patients with severe caffeine intoxication, even in
the absence of malignant arrhythmias or acute kidney injury, as
early recognition of rhabdomyolysis allows timely supportive
treatment and may prevent renal complications (1,2,6).

Hemodialysis should be considered in
life-threatening caffeine intoxication.

Treatment of acute caffeine intoxication remains supportive
and is based on fluid replacement, correction of electrolyte
disbalances and cardiac monitoring. In contrast to the
favorable outcome of supportive therapy in our patient, several
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cases required hemodialysis (7,8). In hemodynamically stable
patients, conservative therapy may be adequate; however close
clinical and laboratory monitoring is essential due to potential
life-threatening complications (1,7,8). Recent studies suggest
that the largest proportion of severe caffeine intoxication cases
resulted from intentional self-poisoning. The second-largest
proportion was due to accidental consumption. Ingestion of
caffeine with suicidal intent occurs mostly among young adults
with underlying psychiatric disorders (1,9).

Reported ingested doses should be
interpreted cautiously, as absorption
may vary.

Conclusion

Caffeine intoxication may present with a wide range of
clinical symptoms, followed by potentially severe systemic
complications, such as malignant arrhythmias and acute
kidney injury. This case highlights the need for close clinical
observation and awareness of less common manifestations,
specifically rhabdomyolysis. Early supportive therapy remains
crucial when managing intoxicated patients, as well as
psychiatric evaluation in cases of intentional overdose.
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CASE REPORT / PRIKAZ SLUCAJA

WALKING AND TALKING WITH A pH
OF 6.93: ACUTE KIDNEY INJURY MISSED
IN A RESOURCE-LIMITED EMERGENCY
SETTING

HODA I RAZGOVARA S pH 6,93: PREVID AKUTNE _
OZLJEDE BUBREGA U HITNOJ MEDICINSKO] SLUZBI S
OGRANICENIM RESURSIMA
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Abstract

Background: Acute kidney injury may present with nonspecific symptoms, particularly 1 Institute of Emergency Medicine of
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nonspecific presentation, especially in elderly patients. Serum creatinine is a delayed marker,
PoC testing for acid-base parameters can signal acute kidney injury before creatinine rises.
In remote settings, integrating PoC testing for creatinine, urine biomarkers, and blood gas/
acid-base analyzers may reduce diagnostic delay. Metabolic disturbances like severe acidosis
themselves raise acute kidney injury suspicion, making PoC acid-base testing a valuable
adjunct in remote emergency care.

Conclusion: Severe metabolic derangements may present with mild, nonspecific symptoms,
particularly in elderly patients. This case also highlights the importance of prompt access
to PoC devices in remote settings to enable early recognition, appropriate referral, and
timely treatment.

Keywords: Dyspnea; Acute kidney injury; Acidosis; Hyperkalemia; Hemodialysis; Point-
of-care devices.

Sazetak

Uvod: Akutno ostecenje bubrega moze se ocitovati nespecificnim simptomima, osobito u
starijih bolesnika. Ogranicene dijagnosticke moguénosti u udaljenim podru¢jima mogu
odgoditi pravodobno postavljanje dijagnoze i prepoznavanje Zivotno ugrozavajucih stanja,
ukljucujuéi metabolicke poremecaje.

Prikaz slucaja: Osamdesetogodisnja bolesnica javila se u udaljenu hitnu sluzbu zbog umora
i blage dispneje. Uredaji za dijagnostiku uz bolesnika (engl. point-of-care, PoC) nisu bili
dostupni te je bolesnica upucena u tercijarni centar, gdje su dijagnosticirani akutno ostecenje
bubrega te teski metabolicki poremecaji. Nakon pocetnog lijecenja ukljucena je u program
kroni¢ne hemodijalize.
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Rasprava: Akutno oste¢enje bubrega ¢esto se ne prepoznaje u ranoj fazi zbog asimptomatske
ili nespecifi¢ne klinicke slike, osobito u starijih bolesnika. Buduéi da porast koncentracije
serumskog kreatinina kasni, PoC odredivanje acidobaznih pokazatelja moze upozoriti na
akutno ostecenje bubrega prije porasta kreatinina. U udaljenim sredinama uvodenje PoC
odredivanja kreatinina i bioloskih pokazatelja u mokraci te analizatora krvnih plinova i
acidobaznog statusa moze smanjiti dijagnosticko kasnjenje. Metabolicki poremecaji poput
teske acidoze sami po sebi pobuduju sumnju na akutno o$tecenje bubrega, zbog ¢ega je PoC
analiza acidobaznog statusa vrijedan dodatak hitnom zbrinjavanju u udaljenim podrucjima.
Zakljucak: Teski metabolic¢ki poremecaji mogu se ocitovati blagim i nespecifi¢nim
simptomima, osobito u starijih bolesnika. Ovaj slucaj takoder naglasava vaznost pravodobne
dostupnosti PoC uredaja u udaljenim sredinama radi ranog prepoznavanja bolesti,

odgovarajuceg upucivanja i pravodobnog lijecenja.

Klju¢ne rijeci: acidoza; akutno o$tecenje bubrega; dispneja; hemodijaliza; hiperkalemija;

uredaji za dijagnostiku uz bolesnika

Introduction

Acute kidney injury is an abrupt decline in renal function
that carries high morbidity and mortality, particularly when
recognition and treatment are delayed. Clinically, acute kidney
injury is defined by increases in serum creatinine and/or
reduced urine output. However, creatinine is a delayed marker
that may rise only after substantial kidney injury has occurred,
and urine output can be difficult to monitor reliably outside
institutional settings.

Acute kidney injury is a rare but
potentially life-threatening condition.
Elderly patients with severe acute
kidney injury may present with minimal
or no symptoms.

The most common cause of acute kidney injury in elderly
patients is prerenal due to dehydration, accounting for 43%
of cases in patients over 65 years compared to 29% in younger
patients (1). Renal hypoperfusion accounts for 68.8% of acute
kidney injury cases outside the intensive care unit. The most
frequent comorbidities are hypertension, chronic kidney
disease, coronary artery disease, diabetes, and heart failure.
Most common triggers are diarrhea, infections, acute heart
failure, dehydration and hypotension (2). Early manifestations
are often nonspecific-fatigue, dyspnea, and subtle changes
in mental status-and may be overlooked in elderly patients
or those with chronic comorbidities (3). Without prompt
diagnosis and supportive care, acute kidney injury can
progress rapidly to severe metabolic derangements, including
life-threatening hyperkalemia and profound metabolic acidosis
(4).

In remote or resource-limited settings, the absence of basic
laboratory diagnostics further delays recognition and
appropriate referral. Point-of-care (PoC) testing could enable
decentralized diagnostic analysis by offering portability,
automation, and the ability to deliver results more quickly and
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at lower cost. Common PoC devices include those for blood
glucose, pregnancy testing, blood gas and electrolyte analysis,
urine testing, bacterial screening, and forensic medicine
applications (5).

Integrating PoC blood gas analysis into
clinical pathways in remote settings
may provide a critical diagnostic bridge,
enabling earlier recognition of severe
metabolic disturbances and prompting
timely transfer and treatment.

Case presentation

An eighty-year-old woman presented to a remote emergency
department with fatigue and mild dyspnea. She was undergoing
treatment for scabies associated with troublesome sleeping and
reduced oral intake the preceding week. The patient medical
history included arterial hypertension, type 2 diabetes mellitus
and hyperlipidemia. Examination was unremarkable with
normal vital parameters and electrocardiogram. There was no
available PoC devices and no available laboratory or imaging
testing in surrounding area. Given her age and acute treatment
of scabies, she was discharged as likely exhaustion and sleep
deprivation, with instructions to return/call if her condition
aggravates or doesn’t improve. Upon re-presentation with
persistent symptoms two days later, she was referred to tertiary
center. At admission at the hospital, she was hemodynamically
stable. Arterial blood gas revealed severe metabolic acidosis
and laboratory findings presented acute kidney injury and
increased potassium levels (Table 1.)

Initial management included calcium gluconate, insulin with
glucose, furosemide, and sodium bicarbonate followed by
urgent hemodialysis at the intensive unit. She was subsequently
initiated in a chronic hemodialysis program. A chronological
summary of key events of this case is presented in Table 2.
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Table 1. Arterial blood gas and laboratory results indicating

metabolic acidosis and acute kidney injury.

Table 2. Timeline of the patient’s clinical course

Time Clinical event

pH 6.93 Day -7 Scabies diagnosis and initiation of treatment
cBase -26.8 Days —7 to 0 | Poor sleep and reduced oral intake

pCO2 (kPa) 2.06 Day 0 Initial patient contact and examination

HCO3 (mmol/L) 5.2 Re-presentation and referral to the tertiary
e¢GFR (ml/min/1.73m?) 2.4 Day 2 center; hospital admission, initial management,
Creatinine (umol/L) 1145 and emergency hemodialysis

Urea (mmol/L) 53 Day 3+ Enrollment in a chronic hemodialysis program
K* (mmol/L) 7.1
Discussion was over one hour away and advanced transport options were

Acute kidney injury is frequently under-recognized in its early
stages, as many patients with mild to moderate disease remain
asymptomatic and are identified only after laboratory testing
(4). When symptoms do occur, they are often nonspecific:
nausea or vomiting (33.3%), dyspnea (14.5%), oligoanuria
(16.2%), and confusion (6.8%), while up to 31.6% of patients
may remain asymptomatic, which can delay recognition
particularly in elderly individuals with multiple comorbidities
(3.

In the present case, despite a pH of 6.93 and bicarbonate
level of 5.2 mmol/L, the patient remained hemodynamically
stable and presented only with fatigue and mild dyspnea.
This marked discordance between biochemical severity and
clinical presentation highlights how advanced metabolic
derangements may remain clinically subtle and contribute to
delayed recognition of critical illness.

Serum creatinine, although central to diagnosis, is a delayed
marker of decreased glomerular filtration rate and may
require 24-72 hours to reach a new steady state following
acute kidney injury, thereby postponing detection of clinically
significant renal dysfunction (6). While PoC creatinine
testing is not yet sufficiently validated to replace standard
laboratory measurements (7), PoC blood gas analysis may
offer a practical and reliable alternative for early detection of
metabolic disturbances. PoC blood gas analysis can rapidly
assess acid-base status and selected hematologic, metabolic,
and electrolyte parameters (pH, pO,, pCO,, hematocrit,
hemoglobin, sodium, potassium, chloride, ionized calcium,
ionized magnesium, glucose, lactate, anion gap and some other
parameters depending on the device model) (8). Among these,
pH, pCO,, and bicarbonate levels are particularly useful for
identifying severe metabolic acidosis, which may serve as an
early indicator of acute kidney injury (9).

Severe metabolic acidosis may be an
early indicator of acute kidney injury
before serum creatinine rises.

This has potential to be of importance in remote emergency
settings, such as in this case, where the nearest tertiary center

limited. Severe acidosis could have raised suspicion of acute
kidney injury and justified urgent escalation of care. In such
environments, the absence of diagnostic tools, including
laboratory testing and PoC devices, possibly increases the risk
of delayed diagnosis and referral.

Conclusion

Acute kidney injury in elderly patients may present with
minimal symptoms despite severe metabolic derangement and
normal vital signs. In this remote emergency case, the absence
of laboratory diagnostics and PoC testing delayed recognition
of acute kidney injury and life-threatening acidosis. PoC blood
gas analysis may help identify critical metabolic abnormalities
earlier, guide initial supportive treatment, and support timely
referral in remote emergency settings.
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Abstract

Background: Valproate is a broad-spectrum antiepileptic drug. Valproate-induced
hyperammonemic encephalopathy is an uncommon but serious adverse effect of valproate
therapy.

Case presentation: We present the case of a 33-year-old woman on long-term valproate
therapy who was admitted to the emergency department due to progressive impairment
of consciousness. She had pharmacoresistant epilepsy and alcohol use disorder. Workup
excluded structural, infectious, and psychiatric causes. Electroencephalography showed
diffuse slowing of background activity consistent with generalized encephalopathy. Routine
laboratory tests, including liver function, were within the normal range. Plasma ammonia
was elevated. In the context of ongoing valproate use, normal liver function, and elevated
ammonia, valproate-induced hyperammonemic encephalopathy was suspected. Valproate
dosage was reduced and lactulose was initiated. Ammonia levels gradually decreased,
accompanied by complete clinical recovery and return to baseline neurological status.

Conclusion: This case highlights that any sudden change in mental status in a patient
receiving valproate should raise suspicion for valproate-induced hyperammonemic
encephalopathy, enabling prompt diagnosis and timely treatment.

Keywords: encephalopathy; hyperammonemia; valproate.

Sazetak

Uvod: Valproat je antiepileptik $irokog spektra. Hiperamonemijska encefalopatija rijedak
je, ali ozbiljan neZeljeni u¢inak terapije valproatom.

Prikaz slucaja: Prikazujemo slucaj 33-godisnje Zene na dugotrajnoj terapiji valproatom koja
je primljena na hitni bolnicki prijam zbog progresivnog poremecaja svijesti. Bolovala je od
farmakorezistentne epilepsije i ovisnosti o alkoholu. Dijagnostickom obradom isklju¢eni
su strukturni, infektivni i psihijatrijski uzroci. Elektroencefalografija je pokazala difuzno
usporenje mozdane aktivnosti u skladu s generaliziranom encefalopatijom. Rutinski
laboratorijski nalazi, uklju¢ujuéi funkciju jetre, bili su unutar normalnih granica. Razina
amonijaka u plazmi bila je povidena. S obzirom na kontinuiranu primjenu valproata,
normalnu funkciju jetre i povi$eni amonijak, posumnjalo se na valproatom uzrokovanu
hiperamonemijsku encefalopatiju. Doza valproata je smanjena, a uvedena je laktuloza.
Vrijednosti amonijaka postupno su se snizavale, uz potpuni oporavak svijesti i povratak
na pocetnu neurolosku funkciju.

Zakljuc¢ak: Ovaj slucaj naglasava da svaka nagla promjena mentalnog statusa u bolesnika na
terapiji valproatom treba pobuditi sumnju na valproatom uzrokovanu hiperamonemijsku
encefalopatiju, sto omogucuje pravodobnu dijagnozu i lijecenje.

Kljucne rijeci: encefalopatija; hiperamonemija; valproat.
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Introduction

Valproate is commonly prescribed for epilepsy, bipolar disorder,
and various psychiatric conditions. While generally regarded
as safe, valproate has been linked to several adverse effects,
including hepatotoxicity, pancreatitis, thrombocytopenia,
and hyperammonemia. Hyperammonemia frequently occurs
during valproate therapy; however, progression to valproate-
induced hyperammonemic encephalopathy (VHE) is rare but
can be life-threatening (1).

The pathophysiology of VHE is not fully understood. Current
evidence indicates that valproate disrupts the urea cycle by
inhibiting key enzymes responsible for ammonia metabolism,
leading to elevated serum ammonia levels. This accumulation
of ammonia in the central nervous system increases cerebral
glutamine production, causes astrocyte swelling, and results
in cerebral edema, which ultimately leads to neurological
dysfunction (2,3).

Hyperammonemic encephalopathy is
a rare but potentially life-threatening
adverse effect of valproate.

Clinical manifestations of VHE range from mild cognitive
impairment and lethargy to confusion, altered mental status,
vomiting, focal neurological deficits, increased seizure
frequency, and, in severe cases, coma. Because these symptoms
are often nonspecific and may resemble the progression of
underlying neurological or psychiatric disorders, clinicians
should consider VHE in any patient receiving valproate who
presents with unexplained changes in mental status (1,4).We
report a case of VHE in a patient receiving valproate therapy
who achieved complete clinical recovery.

Altered mental status in patients
receiving valproate should prompt
ammonia testing.

Case presentation

A 33-year-old woman presented to our emergency department
(ED) with progressive impairment of consciousness. According
to family members, she became increasingly somnolent over
3 days prior to admission and was soporous on the day of
presentation. There was no reported history of recent seizures,
head trauma, fever, or clinical signs of infection.

She had a history of pharmacoresistant epilepsy, which was
initially diagnosed as juvenile myoclonic epilepsy and was
later complicated by posttraumatic structural epilepsy after
traumatic brain injury. She was also receiving psychiatric care
for alcohol use disorder. Her long-term antiseizure regimen
consisted of valproate (500 mg in the morning and 750 mg
in the evening), levetiracetam (1000 mg twice daily), and
zonisamide (75 mg twice daily). Concomitant psychotropic

medications included escitalopram, diazepam, mirtazapine,
and quetiapine. Topiramate was not included in her treatment
regimen. Given her psychiatric history, an acute psychiatric
decompensation was initially considered; however, psychiatric
evaluation did not support a primary psychiatric etiology.

Neurological examination revealed a quantitative disturbance
of consciousness, characterized by marked somnolence,
without focal neurological deficits. An urgent diagnostic
workup was performed. Non-contrast brain computed
tomography showed no acute intracranial pathology.
Electroencephalography demonstrated diffuse slowing
of background activity, predominantly in the bilateral
frontotemporal regions, consistent with a generalized
encephalopathic process. Routine laboratory investigations,
including complete blood count, serum electrolytes, renal
function tests, and inflammatory markers, were within
normal limits. Liver function tests were also within the
reference range (aspartate aminotransferase (AST) 32 U/L,
alanine aminotransferase (ALT) 40 U/L, gamma-glutamyl
transferase (GGT) 43 U/L, alkaline phosphatase (ALP) 112
U/L, and total bilirubin 12 pmol/L). Given the patient’s
history of chronic alcohol use, plasma ammonia levels were
measured and found to be elevated (151 pmol/L; reference
range 18 - 72 umol/L). In the context of ongoing valproate
therapy, normal liver function, elevated plasma ammonia,
and electroencephalographic findings suggestive of metabolic
encephalopathy, VHE was suspected. The patient was admitted
to the neurology department for further management.
Valproate dosage was reduced, but not discontinued due to
pharmacoresistant epilepsy, and lactulose therapy was initiated
to enhance ammonia elimination. Levocarnitine was not
administered. Plasma ammonia levels gradually decreased
to 73 umol/L on hospital day 2.57 umol/L on day 4, and 65
umol/L on day 8, accompanied by complete clinical recovery
and return to baseline neurological status. Based on the clinical
presentation, exclusion of alternative etiologies, elevated
plasma ammonia, and favorable response to valproate dose
reduction and ammonia-lowering therapy, a diagnosis of VHE
was established.

Discussion

Valproate-induced hyperammonemic encephalopathy (VHE)
is a significant adverse effect of valproate therapy that may
occur more often than is generally recognized. Valproate-
associated hyperammonemia is thought to be uncommon but
has been reported with widely varying incidence rates. Overt
encephalopathy may occur with normal liver function tests
and therapeutic serum valproate concentrations. Therefore,
the diagnosis may be missed unless there is a high index of
suspicion in patients developing an acute change in mental
status during valproate therapy (1,4).The pathogenesis of VHE
is not fully understood. There are several mechanisms involved
and they are interrelated. Valproate may inhibit carbamoyl
phosphate synthetase I and thus impair the urea cycle and
reduce ammonia clearance. Other contributing factors
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include the accumulation of toxic metabolites, mitochondrial
dysfunction, and carnitine depletion, all of which may
further promote hyperammonemia. The resulting elevation
in ammonia induces neurotoxic effects, mainly through
astrocytic glutamine accumulation, osmotic swelling, and
cerebral edema. Electroencephalography in VHE typically
shows generalized slowing or other diffuse encephalopathic
patterns, consistent with a metabolic disturbance of cerebral
function (1,5).

Several risk factors have been associated with VHE, including
underlying urea cycle disorders, liver disease, concomitant
antiepileptic therapy (particularly topiramate), fasting, poor
nutritional status, and intellectual disability. Nevertheless,
VHE may occur without identifiable predisposing factors
and does not seem to correlate reliably with valproate dose,
treatment duration, or serum drug level. This variability
suggests that individual susceptibility plays an important role
in its development (1,4).

Management is focused on reducing ammonia levels and
withdrawal or reduction of valproate exposure. In general,
valproate should be discontinued; however, dose reduction
may be required in selected patients in whom seizure
control must be maintained. Lactulose and levocarnitine
are adjunctive therapies in common use (4,6,7). In the
present case, levocarnitine was not administered because
the patient demonstrated prompt clinical improvement
following reduction of the valproate dose and initiation of
lactulose therapy. In the absence of acute valproate overdose,
hepatotoxicity, or progressive neurological deterioration,
additional treatment with levocarnitine was not considered
necessary.

Valproate dose reduction and lactulose
therapy may be effective when
valproate withdrawal is not an option.

In our patient, the diagnosis of VHE was based on subacute
deterioration in consciousness, elevated plasma ammonia
levels, preserved liver function, and electroencephalographic
evidence of diffuse encephalopathy. The difterential diagnosis
was initially broadened by the patient’s alcohol use disorder
and psychiatric comorbidities; however, neuroimaging,
laboratory evaluation, and psychiatric assessment did not
support an alternative etiology. Although complete withdrawal
of valproate was not feasible due to pharmacoresistant epilepsy,
the time-related association between hyperammonemia,
neurological deterioration, and subsequent improvement
following valproate dose reduction and lactulose therapy,
together with exclusion of alternative causes, strongly supports
valproate as the most likely precipitating factor. Nonetheless,
because valproate was reduced rather than fully discontinued,
causal attribution remains partly inferential and cannot be
established with absolute certainty.
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Conclusion

VHE should be considered in any patient receiving valproate
who presents with otherwise unexplained encephalopathy, even
when liver function tests and serum valproate concentrations
are within the normal range. Prompt recognition and timely
intervention are essential to prevent serious neurological
sequelae.

Patient confidentiality

The patient’s confidentiality and anonymity were maintained
throughout the preparation of this manuscript. No identifying
personal information has been included.
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PREHOSPITAL BLOOD PRODUCT

ADMINISTRATION IN CIVILIAN

EMERGENCY MEDICAL SYSTEMS:
EVIDENCE, CONTROVERSIES, AND
IMPLEMENTATION CHALLENGES

PRIMJENA KRVNIH PRIPRAVAKA U IZVANBOLNICKO]
HITNOJ MEDICINSKOJ SLUZBI U CIVILNIM SUSTAVIMA:
DOKAZI, KONTROVERZE I IZAZOVI UVODEN]
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Abstract

Hemorrhagic shock remains a major preventable cause of trauma-related mortality,
prompting increasing interest in prehospital blood product administration as a strategy for
earlier hemostatic resuscitation. However, evidence supporting widespread implementation
in civilian emergency medical systems (EMS) remains inconsistent. This review critically
examines contemporary evidence regarding the effectiveness, feasibility, and limitations
of prehospital blood product administration in civilian trauma care. While some studies
suggest improved survival and physiological stabilization, others have failed to demonstrate
meaningful benefit in mortality or major clinical outcomes, particularly in systems with
short transport times. Interpretation of available evidence is further complicated by
heterogeneity in patient populations, transport duration, and transfusion protocols. Current
trauma and transfusion guidelines do not uniformly support routine prehospital blood
product administration and generally advocate a selective, context-dependent approach.
In addition to uncertain clinical benefit, implementation presents important logistical
and organizational challenges, including storage requirements, cold-chain maintenance,
traceability, and product wastage. Current evidence suggests that prehospital blood product
administration may be most beneficial in carefully selected patients with severe hemorrhagic
shock, prolonged transport intervals, or delayed access to definitive hemorrhage control.

Keywords: civilian trauma care; hemorrhagic shock; prehospital blood transfusion.

Sazetak

Hemoragijski je Sok i dalje jedan od glavnih sprjecivih uzroka smrtnosti povezane s
traumom, zbog Cega raste interes za primjenu krvnih pripravaka u izvanbolnickim uvjetima
kao strategiju ranijeg zapocinjanja hemostatske resuscitacije. Medutim, dokazi koji podupiru
njezino Siroko uvodenje u civilne sustave hitne medicinske sluzbe su i dalje neujednaceni. U
ovom preglednom radu kriticki se analiziraju suvremeni dokazi o u¢inkovitosti, izvedivosti i
ogranicenjima primjene krvnih pripravaka u izvanbolni¢kom zbrinjavanju traumatiziranih
bolesnika. Dok neka istrazivanja upu¢uju na pobolj$ano prezivljenje i fiziolosku stabilizaciju,
druga nisu pokazala znacajnu korist u pogledu smrtnosti ili drugih vaznih klinickih ishoda,
osobito u sustavima s kratkim vremenom transporta. Tumacenje dostupnih dokaza dodatno
je otezano heterogeno$¢u populacija bolesnika, trajanjem transporta i transfuzijskim
protokolima. Aktualne smjernice za zbrinjavanje traume i transfuzijsko lijecenje ne
podupiru jednoznacno rutinsku primjenu krvnih pripravaka u izvanbolnickim uvjetima
te uglavnom zagovaraju selektivan pristup prilagoden okolnostima. Uz neizvjesnu klinicku
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korist, uvodenje takve prakse povezano je sa znac¢ajnim logisti¢kim i organizacijskim
izazovima, uklju¢ujuci zahtjeve za skladiStenjem, odrzavanje hladnog lanca, sljedivost i
neiskoristavanje odnosno otpis krvnih pripravaka. Trenuta¢ni dokazi upucuju na to da bi
primjena krvnih pripravaka u izvanbolnickim uvjetima mogla biti najkorisnija u pazljivo
odabranih bolesnika s teskim hemoragijskim $okom, produljenim vremenom transporta

ili odgodenim pristupom definitivnoj kontroli krvarenja.

Kljucne rijeci: civilno zbrinjavanje traumatiziranih bolesnika; hemoragijski $ok;

izvanbolnic¢ka transfuzija krvi

Introduction

Uncontrolled hemorrhage remains a major contributor to
preventable trauma-related mortality, particularly during
the early post-injury period (1-3). Conventional trauma
resuscitation strategies have historically emphasized rapid
transport to definitive care while relying primarily on crystalloid
administration during the prehospital phase (2). However,
increasing recognition of trauma-induced coagulopathy
(TIC), the dilutional effects of excessive crystalloid use,
and the importance of early hemostatic resuscitation has
prompted renewed interest in prehospital blood product
administration (4,5). Military experience, particularly from
contemporary combat settings, demonstrated encouraging
results associated with early transfusion strategies, including
reduced mortality and improved physiological stabilization
among severely injured patients with hemorrhagic shock (6).
These observations stimulated growing interest in translating
similar approaches into civilian emergency medical systems
(EMS), particularly within physician-led retrieval teams,
helicopter emergency medical services (HEMS), and remote
or rural trauma networks (7,8).

Despite increasing implementation across selected EMS
systems, an important question remains unresolved: is
prehospital blood product administration truly justified in
civilian medicine, or has implementation advanced faster
than supporting evidence? Although several studies suggest
potential benefit in selected high-risk populations, findings
remain inconsistent and highly dependent on transport
duration, patient selection, severity of shock, and healthcare
system organization (9,10). Importantly, the clinical question
is no longer whether prehospital blood product administration
can improve outcomes under ideal circumstances, but rather
under which conditions, in which patients, and within which
EMS systems such interventions provide meaningful benefit
sufficient to justify operational complexity and resource
allocation. This distinction is particularly relevant for European
civilian EMS models characterized by relatively short transport
intervals and rapid access to definitive hospital care.

Prehospital blood product
administration may benefit selected
patients with severe hemorrhagic
shock, but its role in civilian EMS
remains dependent on patient selection,
transport time, system organization, and
available evidence.
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The aim of this review is to critically examine the current
evidence regarding prehospital blood product administration
in civilian trauma care, with particular emphasis on
randomized evidence, observational studies, logistical
feasibility, and the balance between potential clinical benefit
and practical implementation challenges.

Pathophysiological rationale for early blood
product administration

The theoretical rationale for prehospital blood product
administration is grounded in the time-sensitive nature
of traumatic hemorrhage and the early physiological
derangements that emerge following severe injury.
Hemorrhagic shock is not merely a consequence of
progressive blood loss but a dynamic process characterized
by impaired tissue perfusion, oxygen debt, metabolic acidosis,
endothelial dysfunction, systemic inflammation, and the
rapid development of trauma-induced coagulopathy (TIC)
(2,11,12). Importantly, many of these processes begin during
the prehospital phase, often before definitive hemorrhage
control can be achieved, suggesting that clinically relevant
physiological deterioration may already be underway prior
to hospital arrival.

Trauma-induced coagulopathy represents one of the earliest
and most clinically relevant therapeutic targets in trauma care.
Historically regarded primarily as a dilutional consequence
of blood loss and fluid resuscitation, TIC is now increasingly
recognized as an endogenous and multifactorial process
initiated shortly after injury and driven by tissue trauma,
hypoperfusion, endothelial dysfunction, inflammation,
platelet dysfunction, and dysregulated fibrinolysis (13). Early
coagulopathy has consistently been associated with increased
transfusion requirements, multiple organ dysfunction, and
substantially higher mortality among severely injured trauma
patients (13,14).

Trauma-induced coagulopathy develops
early after severe injury, supporting
the rationale for initiating hemostatic
resuscitation before hospital arrival.

The early onset of TIC raises an important therapeutic question:
should hemostatic interventions begin before hospital arrival?
If coagulopathy is already evolving during transport, delayed
correction following emergency department admission may
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represent a missed therapeutic opportunity. Consequently,
early administration of plasma, fibrinogen-containing
products, packed red blood cells (PRBCs), or low-titer group O
whole blood (LTOWB) has emerged as a biologically plausible
strategy aimed not only at restoring circulating volume but also
at simultaneously supporting oxygen delivery and coagulation
during the earliest phases of hemorrhagic shock (9, 14,16).

Historically, prehospital trauma resuscitation emphasized
rapid crystalloid administration to restore intravascular
volume and maintain systemic blood pressure until definitive
hemorrhage control could be achieved. However, this paradigm
has increasingly been challenged. Excessive crystalloid
administration may contribute to dilutional coagulopathy,
worsening acidosis and hypothermia, endothelial glycocalyx
disruption, tissue edema, and impaired oxygen delivery while
failing to replace clotting factors or oxygen-carrying capacity
(2,5,15). Furthermore, aggressive fluid resuscitation prior to
hemorrhage control may increase intravascular hydrostatic
pressure, disrupt early clot stability, and potentially exacerbate
ongoing bleeding, particularly in patients with uncontrolled
hemorrhage (15).

Recognition of these limitations contributed to a paradigm
shift toward damage control resuscitation and hemostatic
resuscitation strategies, which prioritize rapid hemorrhage
control, permissive hypotension in selected patients,
minimization of crystalloid exposure, and balanced
replacement of blood components (16). Within this
framework, prehospital blood product administration has
been proposed as a strategy to attenuate progression of
hemorrhagic shock before hospital arrival. The biological
rationale is compelling: early blood product administration
may restore oxygen-carrying capacity, preserve intravascular
volume, attenuate coagulopathy, improve tissue perfusion,
and potentially mitigate secondary physiological deterioration
during transport.

Nevertheless, biological plausibility alone is insufficient to
justify widespread implementation of a complex and resource-
intensive intervention. The key question remains whether
these theoretical benefits translate into clinically meaningful
improvements in outcomes within civilian emergency medical
systems, where transport times, trauma epidemiology,
logistics, and organizational structures differ substantially
from military settings. Determining whether prehospital blood
product administration improves survival, reduces transfusion
requirements, or attenuates trauma-induced physiological
deterioration in civilian trauma populations therefore remains
an important area of ongoing investigation.

Clinical evidence for prehospital blood product
administration

Despite strong pathophysiological rationale supporting early
hemostatic resuscitation, clinical evidence regarding the
effectiveness of prehospital blood product administration in
civilian trauma care remains inconsistent. Over the past decade,
several randomized controlled trials, observational cohort

studies, and registry analyses have attempted to determine
whether early transfusion strategies improve survival and
physiological outcomes in patients with traumatic hemorrhagic
shock. However, interpretation of available evidence remains
challenging because of substantial heterogeneity in study
design, patient selection, transport duration, injury severity,
and the type of blood products administered.

Among the most influential randomized investigations,
Sperry et al. reported an association between prehospital
plasma administration and lower 30-day mortality among
severely injured trauma patients transported by helicopter over
prolonged distances (9). Patients at risk of hemorrhagic shock
who received thawed plasma during transport experienced
lower mortality compared with standard care. Importantly,
the observed benefit appeared greatest among patients with
prolonged transport intervals and more severe physiological
derangement, suggesting that timing of hemostatic
intervention may be clinically relevant (9).

In contrast, Moore et al. failed to demonstrate a mortality
benefit from prehospital plasma administration in an urban
emergency medical system characterized by relatively short
transport intervals (17). Although plasma administration was
feasible and safe, no significant differences were observed in
mortality or major clinical outcomes between intervention
and standard care groups. These findings raised important
questions regarding the influence of transport duration
and healthcare system organization on the effectiveness of
prehospital blood product administration, suggesting that
benefit may be context-dependent rather than universal (17).

Similarly, Crombie et al. evaluated prehospital administration
of packed red blood cells and lyophilized plasma compared
with standard crystalloid resuscitation in trauma patients at
risk of hemorrhagic shock and failed to demonstrate significant
improvement in the primary composite outcome of mortality
or lactate clearance (18). Although some physiological
benefits were observed, interpretation of these findings was
complicated by heterogeneity in injury severity, variability in
timing of intervention, and relatively short transport intervals
within participating trauma systems (18).

The benefit of prehospital blood
product administration appears to
be context-dependent, with greater
potential benefit in patients with severe
hemorrhagic shock, prolonged transport
times, and delayed access to definitive
hemorrhage control.

Taken together, randomized evidence does not uniformly
support routine implementation of prehospital blood
product administration across all civilian emergency medical
systems. Rather, available findings suggest that effectiveness
may depend on factors such as transport duration, severity
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of hemorrhagic shock, timing of intervention, and patient
selection. Importantly, studies conducted within systems
characterized by rapid access to definitive trauma care have
generally demonstrated less consistent benefit than those
involving prolonged prehospital intervals (9, 17,18).

In addition to randomized evidence, several observational
studies and trauma registry analyses have reported associations
between prehospital blood product administration and
improved hemodynamic stabilization, reduced markers of
shock severity, and lower mortality among selected high-risk
trauma populations (19,20). Military experience has also
substantially influenced enthusiasm for early transfusion
strategies, with multiple combat-based studies reporting
improved survival among severely injured patients receiving
blood products early in the resuscitative process (21,22).
However, translation of these findings into civilian systems
remains challenging because of substantial differences in
injury mechanisms, evacuation times, resource availability,
and organizational structure.

More recently, growing interest has focused on the prehospital
use of low-titer group O whole blood, which may offer both
physiological and logistical advantages compared with
conventional component therapy. By simultaneously providing
red blood cells, plasma, and platelets in a single product,
whole blood more closely approximates balanced hemostatic
resuscitation while potentially simplifying transfusion logistics
and reducing product complexity (23).

Observational studies have reported encouraging safety
profiles and a potential survival benefit associated with low-
titer group O whole blood use in selected trauma populations,
although high-quality randomized evidence remains limited
and important questions regarding patient selection, storage
logistics, and comparative effectiveness remain unresolved
(22,23)

Overall, current evidence suggests that prehospital blood
product administration may confer clinically meaningful
benefit in carefully selected trauma patients, particularly
those with severe hemorrhagic shock, prolonged transport
intervals, or delayed access to definitive hemorrhage control.
Nevertheless, findings remain heterogeneous and insufficient
to support universal implementation across all civilian
emergency medical systems. Consequently, the question has
increasingly shifted from whether prehospital blood products
should be administered to under which conditions, in which
patients, and within which systems such interventions provide
sufficient benefit to justify operational complexity and resource
utilization.

Current guideline perspective, implementation
challenges, and future directions

Despite increasing interest and implementation of prehospital
blood product administration in selected EMS systems, current
international guidelines do not recommend its routine use in
civilian trauma care. The available evidence is characterized
by substantial heterogeneity in study design, patient selection,
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transport duration, healthcare system organization, and
transfusion protocols, making universal recommendations
difficult (2,4,5).

This uncertainty is reflected in contemporary international
trauma guidelines. Importantly, no major contemporary
guideline currently recommends routine prehospital blood
product administration for all civilian trauma patients. The
most recent European guideline on the management of major
bleeding and coagulopathy following trauma recognizes the
potential role of prehospital blood product administration
within the concept of damage control resuscitation but does not
recommend its routine use in civilian prehospital care because
the available evidence remains limited and heterogeneous (2).
Likewise, the recent Position Statement and Resource Document
of the National Association of EMS Physicians (NAEMSP)
emphasizes early recognition of life-threatening hemorrhage,
minimization of excessive crystalloid administration, and rapid
transport to definitive care, while acknowledging that evidence
supporting universal prehospital transfusion strategies is still
insufficient (5). Similarly, the most recent systematic review and
clinical practice guideline update concluded that current data do
not justify routine implementation and highlighted the need for
further high-quality studies before stronger recommendations
can be made (4).

Logistical barriers, including cold-
chain maintenance, product availability,
wastage, traceability, and coordination
with transfusion services remain major

challenges to widespread civilian

implementation.

Consequently, the major challenge is no longer determining
whether blood products can be administered safely in the
prehospital environment, but rather identifying the patients
and healthcare systems in which such an approach provides
meaningful clinical benefit. Patients with severe hemorrhagic
shock, prolonged transport intervals, remote geographical
locations, or delayed access to definitive hemorrhage control
appear to be the most plausible candidates; however, reliable
tools for their early identification remain limited (9,17,18).
Implementation also requires considerable logistical and
organizational resources. Maintaining an uninterrupted cold
chain, ensuring product availability, minimizing wastage,
guaranteeing traceability, and coordinating transfusion
services with emergency medical systems all represent
substantial operational challenges. These factors may
significantly influence the cost-effectiveness and feasibility
of widespread implementation, particularly in civilian EMS
systems characterized by short transport times and rapid
access to trauma centers (4,5).

Growing interest in low-titer group O whole blood may
partially overcome some of these limitations by simplifying
transfusion logistics and providing balanced hemostatic
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resuscitation through a single product. Nevertheless,
important questions regarding optimal patient selection,
storage protocols, comparative effectiveness, and economic
sustainability remain unanswered (6,22,23).

Therefore, the current debate is no longer whether prehospital
blood product administration is biologically plausible, but
whether sufficient clinical evidence exists to justify its routine
implementation in civilian emergency medical systems. At
present, both the available evidence and contemporary
guidelines support a selective, individualized, and system-
dependent approach rather than universal adoption.

Importantly, this position is reinforced by the most
recent randomized trials published in 2026, which have
not demonstrated a clear clinical benefit of prehospital
whole blood transfusion. The SWiFT trial (24) showed
that, among patients with life-threatening hemorrhage,
prehospital transfusion of two units of whole blood was
not superior to standard care in reducing the risk of
death or massive transfusion within 24 hours. Similarly,
the TOWAR trial (25) found that, in injured patients
with hemorrhagic shock, the use of whole blood for
prehospital transfusion did not result in lower 30-day
mortality compared with blood component therapy.
Several factors may explain the neutral findings observed
in these trials. Both studies included heterogeneous
trauma populations treated within mature trauma systems,
where relatively short transport intervals and rapid access
to definitive care may have reduced the opportunity for
prehospital transfusion to influence clinical outcomes.
These findings therefore do not necessarily exclude
a benefit in carefully selected patients experiencing
prolonged transport or delayed hemorrhage control.
These contemporary findings further suggest that,
despite a strong biological rationale and encouraging
observational data, current evidence does not support
the routine universal implementation of prehospital blood
product administration. Future research should therefore
focus on identifying the patients most likely to benefit,
optimizing transfusion strategies, and determining
the organizational settings in which prehospital blood
product administration provides clinically meaningful
and cost-effective improvements in outcomes (2,4,5).

Gonclusion

Prehospital blood product administration represents
a promising strategy for the early management of
traumatic hemorrhagic shock and is supported by a strong
pathophysiological rationale. However, current clinical
evidence remains heterogeneous and does not support
its routine implementation across all civilian emergency
medical systems. Moreover, the most recent randomized
trials published in 2026 have also failed to demonstrate a
clear clinical benefit of prehospital whole blood transfusion,
further emphasizing the uncertainty regarding its universal
use. Contemporary guidelines therefore advocate a selective,

individualized, and system-dependent approach rather than
routine implementation. Future research should focus on
identifying the patients most likely to benefit, optimizing
transfusion strategies, and determining the healthcare
systems and organizational settings in which prehospital
transfusion provides clinically meaningful, logistically
feasible, and cost-effective improvements in outcomes. Until
such evidence becomes available, a selective and evidence-
based implementation tailored to local resources and patient
populations appears to be the most appropriate strategy for
civilian emergency medical systems.

References

1. Kauvar DS, Lefering R, Wade CE. Impact of hemorrhage on trauma outcome: an
overview of epidemiology, clinical presentations, and therapeutic considerations.
J Trauma. 2006;60(6 Suppl):S3-11. doi: 10.1097/01.ta.0000199961.02677.19.

2. Rossaint R, Afshari A, Bouillon B, Cerny V, Cimpoesu D, Curry N et al. The
European guideline on management of major bleeding and coagulopathy
following trauma: sixth edition. Crit Care. 2023;27(1):80. doi: 10.1186/s13054-
023-04327-7.

3. Maegele M. Update on the pathophysiology and management of acute trauma
hemorrhage and trauma-induced coagulopathy based upon viscoelastic testing.
Clin Exp Emerg Med. 2024;11(3):259-267. doi: 10.15441/ceem.24.202.

4. Hussmann B, Hilbert-Carius P, Berk T, Struck ME Strasser E, Oezkurtul O et al.
Prehospital coagulation management and fluid replacement therapy in patients
with multiple and/or severe injuries - A systematic review and clinical practice
guideline update. Eur ] Trauma Emerg Surg. 2025;51(1):328. doi: 10.1007/
$00068-025-02984-7.

5. McMullan J, Curry BW, Calhoun D, Forde E Gray JJ, Lardaro T et al. Prehospital
Trauma Compendium: Fluid Resuscitation in Trauma - a Position Statement
and Resource Document of NAEMSP. Prehosp Emerg Care. 2024:1-11. doi:
10.1080/10903127.2024.2433146.

6. Ripoll-Gallardo A, Caviglia M, Ratti M, Ceriotti D, Meneghetti G, Pigozzi L et al.
Fresh whole blood: A feasible alternative in disasters and mass casualty incidents?
a systematic review and meta-analysis. Confl Health. 2024;18(1):74. doi: 10.1186/
§13031-024-00635-z.

7. Burns B, Nolan B, Ferguson I, Peddle M, Partyka C, Healy G et al. Prehospital
transfusion strategies in haemorrhagic shock. Scand ] Trauma Resusc Emerg
Med. 2026;34(1):37. doi: 10.1186/s13049-026-01547-y.

8. McNeilly B, Samsey K, Kelly S, Pennardt A, Guyette FX. Prehospital Blood
Administration in Traumatic Hemorrhagic Shock. ] Am Coll Emerg Physicians
Open. 2025;6(2):100041. doi: 10.1016/j.acepjo.2024.100041.

9. Sperry JL, Guyette FX, Brown JB, Yazer MH, Triulzi DJ, Early-Young BJ et al;
PAMPer Study Group. Prehospital Plasma during Air Medical Transport in
Trauma Patients at Risk for Hemorrhagic Shock. N Engl ] Med. 2018;379(4):315-
326. doi: 10.1056/NEJMoa1802345.

10. Chapman MP, Moore EE, Chin TL, Ghasabyan A, Chandler J, Stringham J et al.
Combat: Initial Experience with a Randomized Clinical Trial of Plasma-Based
Resuscitation in the Field for Traumatic Hemorrhagic Shock. Shock. 2015;44
Suppl 1(0 1):63-70. doi: 10.1097/SHK.0000000000000376.

11. Ishikura H, Kitamura T. Trauma-induced coagulopathy and critical bleeding:
the role of plasma and platelet transfusion. J Intensive Care. 2017;5(1):2. doi:
10.1186/540560-016-0203-y.

12. Savioli G, Ceresa IF, Caneva L, Gerosa S, Ricevuti G. Trauma-Induced
Coagulopathy: Overview of an Emerging Medical Problem from Pathophysiology
to Outcomes. Medicines (Basel). 2021;8(4):16. doi: 10.3390/medicines8040016.

13. Jiang S, Wang L, Qi W, Wei J, Rao T, Lv X et al. From molecular networks to
precision therapeutics: the evolving landscape of trauma-induced coagulopathy.
World ] Emerg Surg. 2026;21(1):26. doi: 10.1186/s13017-026-00689-9.

14. Kornblith LZ, Moore HB, Cohen MJ. Trauma-induced coagulopathy: The past,
present, and future. ] Thromb Haemost. 2019;17(6):852-862. doi: 10.1111/
jth.14450.

15. LaGrone LN, Stein D, Cribari C, Kaups K, Harris C, Miller AN et al. American
Association for the Surgery of Trauma/American College of Surgeons Committee
on Trauma: Clinical protocol for damage-control resuscitation for the adult
trauma patient. ] Trauma Acute Care Surg. 2024;96(3):510-520. doi: 10.1097/
TA.0000000000004088.

205



Journal of the Croatian Society of Emergency Medicine

September 2026, Volume 2, Number 5, PP 149-223

16.

17.

18.

19.

20.

206

Tubert P, Kalimouttou A, Bouzat P, David JS, Gauss T. Are crystalloid-based
fluid expansion strategies still relevant in the first hours of trauma induced
hemorrhagic shock? Crit Care. 2024;28(1):416. doi: 10.1186/513054-024-05185-7.

Moore HB, Moore EE, Chapman MP, McVaney K, Bryskiewicz G, Blechar R et al.
Plasma-first resuscitation to treat haemorrhagic shock during emergency ground
transportation in an urban area: a randomised trial. Lancet. 2018;392(10144):283-
291. doi: 10.1016/S0140-6736(18)31553-8.

Crombie N, Doughty HA, Bishop JRB, Desai A, Dixon EF, Hancox JM et al.
RePHILL collaborative group. Resuscitation with blood products in patients
with trauma-related haemorrhagic shock receiving prehospital care (RePHILL): a
multicentre, open-label, randomised, controlled, phase 3 trial. Lancet Haematol.
2022;9(4):250-€261. doi: 10.1016/52352-3026(22)00040-0.

Shackelford SA, Del Junco DJ, Powell-Dunford N, Mazuchowski EL, Howard JT,
Kotwal RS et al. Association of Prehospital Blood Product Transfusion During
Medical Evacuation of Combat Casualties in Afghanistan With Acute and 30-
Day Survival. JAMA. 2017;318(16):1581-1591. doi: 10.1001/jama.2017.15097.

Williams J, Merutka N, Meyer D, Bai Y, Prater S, Cabrera R et al. Safety profile
and impact of low-titer group O whole blood for emergency use in trauma. J
Trauma Acute Care Surg. 2020;88(1):87-93. doi: 10.1097/TA.0000000000002498.

21.

22.

23.

24.

25.

Spinella PC, Perkins JG, Grathwohl KW, Beekley AC, Holcomb JB. Warm fresh
whole blood is independently associated with improved survival for patients
with combat-related traumatic injuries. ] Trauma. 2009;66(4 Suppl):S69-76. doi:
10.1097/TA.0b013e31819d85tb.

Shea SM, Staudt AM, Thomas KA, Schuerer D, Mielke JE, Folkerts D et al. The
use of low-titer group O whole blood is independently associated with improved
survival compared to component therapy in adults with severe traumatic
hemorrhage. Transfusion. 2020;60 Suppl 3:52-59. doi: 10.1111/trf.15696.

Spinella PC, Pidcoke HE Strandenes G, Hervig T, Fisher A, Jenkins D et al. Whole
blood for hemostatic resuscitation of major bleeding. Transfusion. 2016;56 Suppl
2:5190-202. doi: 10.1111/trf.13491.

Smith JE, Cardigan R, Sanderson E, Silsby L, Rourke C, Barnard EBG et al, SWIFT
trial group. Prehospital Whole Blood in Traumatic Hemorrhage - a Randomized
Controlled Trial. NEJM. 2026 Mar 17. doi: 10.1056/NEJMoa2516043.

Sperry JL, Guyette FX, Cotton BA, Luther JE Utarnachitt RB, Kutcher ME et al.
TOWAR Study Group. Prehospital Resuscitation with Type O Whole Blood for
Trauma and Hemorrhage. N Engl ] Med. 2026;394(23):2317-2328. doi: 10.1056/
NEJMoa2602167.



Journal of the Croatian Society of Emergency Medicine

September 2026, Volume 2, Number 5, PP 149-223

REVIEW ARTICLE / PREGLEDNI CLANAK

DIGITAL COGNITIVE OVERLOAD IN THE
EMERGENCY DEPARTMENT: IMPACT ON
CLINICAL PERFORMANCE AND PATIENT

SAFETY

DIGITALNA KOGNITIVNA PREOPTERECENOST U 5
HITNOM BOLNICKOM PRIJAMU: UTJECA] NA KLINICKU

IZVEDBU I SIGURNOST BOLESNIKA

*Valentina JeSi¢1,2, Sabina Babic?
https://doi.org/10.64266/amu.2.5.10

Abstract

The digitalization of healthcare systems has significantly transformed clinical work in
emergency departments. Electronic documentation, patient monitoring systems, alarm
systems, digital notifications and parallel team communication enable faster access to
information, but simultaneously increase the cognitive burden on healthcare professionals.
In emergency settings, where decisions must be made rapidly, often under conditions of
uncertainty and incomplete information, an excessive number of digital stimuli may impair
attention, slow down decision making and increase the risk of errors.

Digital cognitive overload refers to a state in which the volume of information, the number
of concurrent tasks and frequent interruptions exceed an individual’s capacity for effective
information processing. This narrative review presents current knowledge on digital
cognitive overload in emergency care, with a particular focus on its impact on clinical
performance, patient safety and work organization. Special attention is given to the sources
of digital burden, its effects on clinical decision making, the role of alarms and interruptions,
and potential strategies for reducing cognitive load in everyday clinical practice.

Keywords: clinical decision making; digital cognitive overload; emergency department;
interruptions; patient safety

Sazetak

Digitalizacija zdravstvenog sustava znacajno je promijenila rad u hitnoj sluzbi. Elektronicka
dokumentacija, monitori, alarmni sustavi, digitalne obavijesti i paralelna komunikacija
unutar tima omogucuju brzi pristup informacijama, ali istodobno povecavaju kognitivno
opterecenje zdravstvenih djelatnika. U hitnoj sluzbi, gdje se odluke donose brzo, ¢esto uz
nepotpune informacije i visok stupanj nepredvidivosti, prevelik broj digitalnih podrazaja
moze narusiti odrzavanje paznje, usporiti donosenje odluka i povecati rizik pogresaka.
Digitalna kognitivna preoptere¢enost oznacava stanje u kojem koli¢ina informacija,
broj istodobnih zadataka i ucestalost prekida rada nadilaze sposobnost pojedinca da ih
ucinkovito obradi. Ovaj narativni pregled prikazuje suvremene spoznaje o digitalnoj
kognitivnoj preopterecenosti u hitnoj sluzbi, s naglaskom na njezin utjecaj na klinicku
izvedbu, sigurnost bolesnika i organizaciju rada. Posebna pozornost posvecena je izvorima
digitalnog opterecenja, posljedicama za donosenje odluka, ulozi alarma i prekida rada te
mogucim strategijama smanjenja optere¢enja u svakodnevnoj klinickoj praksi.

Kljucne rijeci: digitalna kognitivna preopterecenost; hitna sluzba; klinicko odlucivanje;
prekidi rada; sigurnost bolesnika.
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Introduction

The emergency department (ED) is one of the most dynamic
and demanding clinical environments within the healthcare
system. Clinical work is performed under conditions of time
pressure, unpredictable patient inflow, varying levels of
illness severity, and the need for rapid decision-making (1).
In this setting, healthcare professionals simultaneously assess
patients, prioritize care, perform diagnostic and therapeutic
interventions, communicate with team members, and
document clinical activities (2). Such complexity requires a
high level of concentration, rapid information processing, and
the ability to manage multiple tasks concurrently (1,3).

The development of digital technologies has substantially
transformed workflow organization in emergency medicine.
Electronic health records, continuous patient monitoring
systems, laboratory and radiology information systems, and
various digital communication platforms enable faster access
to clinical data, improved coordination of care, and greater
availability of real-time information (4). These advances have
the potential to facilitate timely clinical decision-making
and improve patient outcomes. However, alongside these
advantages, digitalization has introduced new demands that
may increase the cognitive burden on healthcare professionals,
particularly in environments where decisions must be made
under significant time pressure (5).

Digital cognitive overload occurs when
the volume of information, concurrent
tasks, and interruptions exceeds
clinicians’ capacity to efficiently
process information and make safe
decisions.

In routine clinical practice, healthcare professionals in the ED
are frequently required to simultaneously process information
from multiple sources. These include continuous monitoring
of vital signs, electronic documentation, interpretation
of laboratory and radiological findings, communication
with team members, and responses to alarms and other
notifications (6). In addition, workflow is often interrupted
by telephone calls, requests for consultation, or the arrival of
new patients. When these demands occur continuously and
overlap, they place increasing strain on attention and working
memory, potentially compromising the quality of clinical
decision-making (1,5).

Within this context, the concept of digital cognitive overload
has gained increasing attention. It refers to a state in which the
volume of information, the number of concurrent tasks, and
the frequency of workflow interruptions exceed an individual’s
capacity to efficiently process and integrate information for
decision-making (3). Importantly, digital cognitive overload
represents more than a subjective perception of mental
fatigue; it is associated with measurable reductions in
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information-processing efficiency, an increased risk of errors,
and impaired ability to sustain attention.

The consequences of excessive cognitive load are particularly
pronounced in the emergency department. Even brief
lapses in attention may result in delayed recognition of
patient deterioration, inaccurate prioritization, or failures in
communication within the clinical team (2). These factors
increase the risk of patient safety incidents, particularly in
situations requiring rapid and precise coordination among
multiple healthcare professionals. Furthermore, chronic
exposure to excessive cognitive demands may contribute to
mental fatigue, reduced work performance, and professional
burnout (7).

The aim of this review is to examine the role of digital cognitive
overload in the emergency department, with particular
emphasis on its impact on clinical performance, decision-
making, and patient safety. In addition, the review seeks to
identify the principal sources of digital cognitive burden and
to highlight potential strategies for reducing cognitive load and
improving the alignment of digital systems with the needs of
contemporary clinical practice.

Methodology

This study was designed as a narrative review of recent
scientific and professional literature with the aim of
synthesizing current knowledge on digital cognitive overload
in the emergency department. A narrative review approach
was selected because it allows the integration of heterogeneous
sources, including studies from emergency medicine, nursing,
health informatics, ergonomics, and human factors, which
provide complementary perspectives on this topic.

The literature search was conducted using the PubMed, Scopus,
and Web of Science databases. Publications from 2015 onwards
were considered, with particular emphasis on recent studies
reflecting contemporary trends in healthcare digitalization.
The search strategy included keywords related to cognitive
workload, digital health systems, workflow interruptions,
alarm systems, electronic health records, and patient safety
in acute clinical settings.

The review included original research articles, systematic
and narrative reviews, and relevant professional publications
examining the impact of digital technologies on the work of
healthcare professionals in emergency departments, intensive
care units, and other acute care settings. Particular attention
was given to studies investigating the relationship between
cognitive workload, clinical performance, and patient safety
outcomes.

Studies focusing exclusively on the technical development of
software solutions without clinical application, investigations
conducted in non-clinical settings, and publications without
a clear relevance to clinical practice or patient safety were
excluded. This approach ensured that the review included
literature directly applicable to the emergency department
setting.
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Table 1. Main Sources of Digital Cognitive Overload in the Emergency Department

Source Description Consequence

Electronic medical records Multiple data entries and complex system Fragmentation of attention and prolonged
(6,8) navigation information-processing time

Alarm systems and monitors Large number of auditory and visual alerts, Alarm fatigue and reduced sensitivity to
(9,10,27) often with low clinical relevance important signals

Work interruptions Telephone calls, questions from team Loss of focus and increased risk of errors
(1,11,17,22,23) members, and arrival of new patients

Parallel use of multiple systems Insufficient integration of laboratory, radiology, | Increased mental workload and impaired
(6,12,13) and documentation systems navigation

Continuous data interpretation Large volume of information requiring rapid | Impaired decision-making and selective
(2,6,12) assessment information processing

Source: Prepared by the author based on a synthesis of the literature (1-3,6,8-13,17,22,23,27).

This study did not involve human participants or the processing
of personal data; therefore, ethics committee approval was not
required.

Discussion

Sources of Digital Cognitive Overload in the
Emergency Department

The cognitive demands of the digital environment in the
emergency department arise from the combination of
multiple interrelated factors that operate simultaneously and
cumulatively burden healthcare professionals’ attention and
working memory (3). Rather than resulting from a single
source, digital cognitive overload reflects the interaction of
numerous technological, organizational, and human factors
that collectively create substantial challenges in everyday
clinical practice.

One of the principal contributors to digital cognitive overload
is the electronic health record (EHR). Although EHR systems
improve data standardization and accessibility, their use often
requires repeated data entry, navigation through complex
interfaces, and frequent switching between different modules
(8). Workflows characterized by repetitive documentation,
complex navigation, and continuous transitions between
system interfaces may fragment attention and prolong the
time required to process clinical information, particularly in
situations that demand rapid decision-making.

Patient monitoring systems and clinical alarm systems
represent another major source of cognitive burden. Patients
in the ED are frequently connected to multiple monitoring
devices that generate large numbers of audible and visual alerts
(2,9). A high frequency of alarms, particularly those lacking
clinical relevance, may contribute to alarm fatigue and reduce
clinicians’ ability to recognize alerts requiring immediate
intervention (10). Consequently, an environment characterized
by continuous auditory and visual stimuli requires constant
redistribution of attention and increases mental workload.

Frequent workflow interruptions further intensify cognitive

demands. In the emergency department, interruptions are an
integral part of routine clinical practice and include telephone

calls, questions from team members, the arrival of new
patients, and additional documentation requests (11). Such
interruptions increase the risk of clinical errors and reduce
work efficiency.

The concurrent use of multiple digital systems further increases
workflow complexity. Healthcare professionals often interact
simultaneously with electronic documentation systems,
laboratory information systems, radiology platforms, and
digital communication tools (8,12). Insufficient interoperability
between these systems may result in duplicated information,
inefficient navigation, and increased cognitive workload.
Rather than simplifying clinical practice, technology may,
under such circumstances, become an additional source of
complexity (12).

An important but often overlooked contributor to cognitive
overload is the continuous need to interpret large volumes of
clinical data. The increasing availability of patient information
requires rapid assessment and integration into clinical
decision-making (2). Under conditions of significant time
pressure, these cognitive demands may exceed an individual’s
capacity for efficient information processing.

In addition to these technological and organizational factors,
individual characteristics also play an important role.
Professional experience, level of training, and the ability to
manage attention all influence susceptibility to cognitive
overload (13). Less experienced healthcare professionals
may be particularly vulnerable because they require greater
cognitive effort to process clinical information, whereas
experienced clinicians, despite greater routine and expertise,
may be exposed to chronic cognitive burden resulting from
prolonged work in a highly demanding environment (14).

Digital cognitive overload in the
emergency department results from the
cumulative interaction of technological,

organizational, and human factors
rather than from a single source.
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Overall, digital cognitive overload in the emergency department
is not attributable to a single cause but rather reflects the
complex interaction of technological, organizational, and
human factors. Understanding these contributing factors
represents an essential step toward developing strategies aimed
at reducing cognitive burden and improving patient safety.

Impact of Digital Cognitive Overload on Clinical
Performance

Excessive digital demands have a direct and measurable
impact on the clinical performance of healthcare professionals
working in the emergency department (ED). In an
environment where decisions must be made rapidly and
often on the basis of incomplete information, any disruption
in information processing or sustained attention may have
significant consequences for patient management (15).

One of the most important aspects of clinical performance
affected by cognitive overload is decision-making. Under
conditions of increased digital workload, working memory
capacity is reduced and the integration of information from
multiple sources becomes more difficult (2,13). As a result,
healthcare professionals may make decisions based on
incomplete or selectively processed information, increasing
the risk of diagnostic errors and suboptimal therapeutic
interventions (16). These challenges are particularly
pronounced in the emergency department, where patients’
clinical conditions may change rapidly. Furthermore, the
complexity of digital systems and the need to use multiple
platforms simultaneously may slow workflow, fragment
attention, and reduce the overall efficiency of healthcare
professionals (17).

Another critical component of clinical performance is the
ability to maintain situational awareness (18). In the
emergency department, situational awareness involves
continuous monitoring of patient status, understanding the
clinical context, and anticipating potential complications.
The large volume of information and continuous stream of
digital stimuli may compromise this ability by making it more
difficult to distinguish clinically relevant information from
less important data (12). Consequently, deterioration in a
patients condition may be recognized later, and early signs of
complications may be overlooked.

Team communication is also highly susceptible to the
effects of cognitive overload. Under conditions of increased
mental workload, healthcare professionals may shorten
or simplify communication, thereby increasing the risk of
misunderstandings (19). Workflow interruptions and digital
distractions further impair information exchange among
team members, particularly during critical phases of patient
care (20). Communication failures may directly affect care
coordination and compromise patient safety.

Digital cognitive overload is also associated with increased
mental fatigue, which develops following prolonged exposure
to high information-processing demands. Mental fatigue
reduces concentration, slows reaction time, and increases
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susceptibility to errors (21). In the emergency department,
where sustained attention is essential, these effects may
significantly compromise the quality of patient care.

The consequences of excessive cognitive workload often
manifest as a gradual decline in performance over the course of
a work shift (2). As cognitive demands accumulate, the ability
to maintain a consistently high level of clinical performance
progressively decreases, leading to an increased likelihood of
errors, particularly during the later stages of the shift (22).
Collectively, these factors adversely affect key components
of clinical performance, including clinical decision-making,
workflow efﬁciency, situational awareness, and communication
within the healthcare team.

Impact of Digital Cognitive Overload on Patient Safety

Patient safety is a fundamental indicator of healthcare quality,
particularly in the emergency department, where clinical
decisions are made rapidly and often under conditions of
considerable uncertainty (23). In such an environment,
excessive digital cognitive workload is not merely an individual
challenge for healthcare professionals but also a systemic risk
that may directly affect patient safety outcomes.

One of the primary mechanisms through which cognitive
overload compromises patient safety is by increasing the
likelihood of clinical errors. Under conditions of excessive
demands on attention and working memory, healthcare
professionals may overlook critical information, misinterpret
clinical findings, or make decisions based on incomplete data
(22). Importantly, these errors are not necessarily the result
of insufficient knowledge or experience but frequently reflect
the limitations of human cognitive capacity under conditions
of high workload.

Workflow interruptions and digital distractions represent
another important threat to patient safety. Healthcare
professionals in the ED are continuously exposed to multiple
simultaneous stimuli, including monitor alarms, notifications
from electronic information systems, and communication
with other members of the clinical team (20). Each
interruption increases the risk of losing focus and forgetting
previously initiated tasks. During medication administration,
clinical documentation, or patient monitoring, such
interruptions may lead to delays in intervention or errors in
task execution (17).

Digital cognitive overload is
a systemic patient-safety risk that
can delay recognition of clinical
deterioration, increase errors, and
impair communication and timely
clinical responses.

Excessive digital demands may also impair the timeliness
of clinical responses. When healthcare professionals must
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Table 2. Strategies for Reducing Digital Cognitive Overload in the Emergency Department

Level Strategy Clinical effect

Technological Simplification of user interfaces (29,30) Reduced information-processing time

Technological Filtering and prioritization of alarms (27,31) Reduced distractions and alarm fatigue

Technological Integration of digital systems (6,12,29) Easier access to information and reduced mental
workload

Organizational Standardization of protocols (32) Reduced need for continuous decision-making

Organizational Clear distribution of responsibilities (32,33) Improved coordination and patient safety

Organizational Limiting interruptions during critical tasks (17,32,33) | Preservation of focus and reduction of errors

Individual Education on cognitive workload (2,3,34) Improved decision-making

Individual Training in prioritization and time management (2,17) | Increased work efficiency

Individual Simulation-based training (35) Better preparation for high-workload situations

Source: Prepared by the author based on a synthesis of the literature (2,3,6,12,17,27,29-35).

simultaneously process large volumes of information, the time
required to recognize clinically significant changes may be
prolonged (22). Delayed recognition of patient deterioration
may have serious consequences, particularly in acute
conditions requiring immediate intervention (24).

Reliable communication within the healthcare team is another
essential component of patient safety. Increased cognitive
workload may lead to simplified or incomplete communication,
thereby increasing the risk of misunderstandings (25).
Ambiguous or insufficiently precise information exchange may
result in misinterpretation of clinical instructions, delays in
treatment, or duplication of interventions (26).

Although digital systems are designed to enhance patient
safety, they may under certain circumstances introduce
additional risks. The large number of electronic alerts and
notifications may lead to reduced responsiveness to clinically
important warnings, a phenomenon commonly referred to as
alert fatigue (27). When healthcare professionals are exposed
to excessive numbers of digital alerts, important notifications
are more likely to be ignored or their response delayed.

The cumulative effects of prolonged cognitive workload
become particularly evident during extended work shifts.
As mental fatigue increases, the ability to maintain sustained
attention and accuracy progressively declines, further
increasing the likelihood of errors (28). Consequently, even
routine and standardized clinical tasks may be performed with
greater variability and a higher risk of safety incidents.

Patient safety incidents rarely result from a single contributing
factor. Instead, they typically arise from the interaction
of multiple elements, including organizational processes,
technological systems, and human factors. Digital cognitive
overload acts as an intermediary mechanism that amplifies
the effects of these risks and reduces healthcare professionals’
ability to respond promptly to changes in the clinical
environment (17,22).

Overall, digital cognitive overload represents a significant

but still underrecognized risk factor for patient safety in the
emergency department. A better understanding of its effects is

essential for developing effective strategies aimed at reducing
clinical errors, improving working conditions, and enhancing
the overall quality and safety of patient care.

Strategies to Reduce Digital Cognitive Overload in the
Emergency Department

Reducing digital cognitive overload in the emergency
department (ED) requires a systematic, multilevel approach
that encompasses organizational changes, optimization
of digital technologies, and the development of individual
competencies among healthcare professionals (17). Because
digital cognitive overload arises from the complex interaction
between humans, technology, and the work environment,
effective interventions must address all of these domains.

One of the key strategies involves optimizing digital systems.
Clinical information systems should be designed to support,
rather than burden, the work of healthcare professionals (8,29).
This includes simplifying user interfaces, reducing unnecessary
data entry steps, and presenting clinical information in
accordance with users’ priorities. Systems requiring repeated
entry of identical information or presenting data in complex
and poorly organized formats substantially increase cognitive
workload and reduce work efficiency (30).

Particular attention should also be paid to the management
of digital notifications and alarm systems. A large number
of alerts, especially those of limited clinical relevance, may
lead to alert fatigue and reduced responsiveness to important
warnings (30). Prioritizing notifications, filtering non-
essential alerts, and adjusting alarm thresholds according
to the clinical context can substantially reduce unnecessary
workflow interruptions (31). Such measures enable healthcare
professionals to focus their attention on clinically relevant
information and support more effective decision-making.

Work organization also plays an important role in reducing
cognitive workload. Clearly defined team responsibilities,
standardized clinical workflows, and structured protocols
can reduce the need for repeated decision-making in routine
situations (32). By minimizing routine cognitive demands,
workflow interruptions, and the need to process multiple
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information streams simultaneously, healthcare professionals
can devote greater attention to clinically critical tasks, such
as assessing unstable patients and making timely therapeutic
decisions (33).

In the emergency department, where interruptions are
frequent, specific organizational measures may further reduce
distractions and the risk of errors. These include limiting non-
urgent communication during critical procedures, establishing
interruption-free zones during medication administration,
and using visual indicators to signal that high-risk tasks are
being performed.

Reducing digital cognitive overload
requires a multilevel approach that
combines better-designed digital
systems, smarter alarm management,
optimized workflows, and targeted staff
education

Education of healthcare professionals represents another
essential component of reducing cognitive overload.
Understanding the concept of cognitive workload and
its effects on clinical performance may help clinicians
recognize high-risk situations and adapt their work practices
accordingly (34). Educational initiatives may include training
in time management, task prioritization, and effective team
communication. In this context, simulation-based training may
be particularly valuable, as it enables healthcare professionals
to practice working under conditions of high cognitive demand
without compromising patient safety (35).

The role of nurses in mitigating cognitive overload is
particularly important. As healthcare professionals who
remain continuously present at the patient’s bedside, nurses
play a central role in workflow organization, prioritization of
care, and coordination of clinical activities. Their experience
and ability to identify clinically relevant information in
complex environments constitute important protective factors
for maintaining patient safety (2,17). Furthermore, actively
involving nurses in the design and adaptation of digital systems
may contribute to the development of solutions that are better
aligned with the realities of clinical practice (34).

Technological innovations may also contribute to reducing
cognitive workload, provided they are implemented
appropriately (17). Automation of routine tasks, integration
of multiple information systems, and the use of intelligent
clinical decision support systems may reduce the need for
manual data entry and facilitate rapid access to relevant
clinical information (6). However, it is essential to ensure
that these technologies do not introduce additional cognitive
burden through unnecessarily complex or non-transparent
functionalities.

At the organizational level, it is important to recognize
cognitive workload associated with digital systems as a
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significant occupational challenge (2). Systematic assessment
of cognitive workload, analysis of clinical workflows, and active
involvement of healthcare professionals in decisions regarding
the implementation of new technologies may contribute
to creating a safer and more efficient work environment.
Measures promoting adequate rest, task rotation, and balanced
work schedules may further reduce the cumulative effects of
cognitive overload during clinical shifts (36).

Healthcare professionals should be
actively involved in the design and
implementation of digital systems to
ensure that technology supports clinical
work rather than adding to cognitive
burden.

The overarching goal of these strategies is to achieve an
appropriate balance between technological capabilities and
human cognitive capacity. Only an integrated approach that
acknowledges the complexity of emergency department
practice can effectively reduce digital cognitive overload and
improve patient safety.

Conclusion

Digital cognitive overload represents an increasingly
important, yet still underrecognized, challenge in everyday
emergency department (ED) practice. In an environment
characterized by time pressure, unpredictability, and the need
to manage multiple concurrent tasks, continuous exposure to
digital information, notifications, and workflow interruptions
may exceed the cognitive capacity of healthcare professionals.
Consequently, the risk of clinical errors, delayed responses, and
communication failures increases, directly affecting patient
safety.

Current evidence suggests that excessive digital demands are
not solely a consequence of the growing use of technology,
but rather of the way digital systems are integrated into
clinical workflows. Systems that are not aligned with the
practical needs of emergency care may increase workflow
complexity and impair clinical decision-making. Conversely,
well-designed and optimized digital tools have the potential to
improve workflow efficiency, support clinical decision-making,
and enhance the quality and safety of patient care.

Reducing the cognitive demands imposed by digital systems
requires coordinated interventions at multiple levels,
including optimization of digital technologies, improvements
in workflow organization, and continuous education of
healthcare professionals. Nurses play a particularly important
role in this process, as their continuous presence at the patient’s
bedside and responsibility for coordinating clinical activities
contribute substantially to maintaining patient safety in a
complex healthcare environment.
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Ultimately, recognizing and proactively addressing digital
cognitive overload represents an important step toward
improving patient safety and the overall quality of emergency
care. Future research should further elucidate the mechanisms
underlying digital cognitive overload and evaluate the
effectiveness of targeted interventions aimed at reducing
cognitive burden and optimizing digital workflows in clinical
practice.
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ORIGINAL ARTICLE / IZVORNI ZNANSTVENI CLANAK

IS HEAD CT ALWAYS NECESSARY??
EXPERIENCES WITH THE CANADIAN
HEAD CT RULE IN THE EMERGENCY

DEPARTMENT SETTING

JE LI CT GLAVE UVIJEK POTREBAN? ISKUSTVA S
PRIMJENOM KANADSKOG PRAVILA ZA CT GLAVE U

HITNOM BOLNICKOM PRIJAMU

*Faruk Ajdinovié', Amel Mizi¢ ', Dzenisa Selimovic¢ ', Irma Arifovi¢'
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Abstract

Introduction: Head injuries are among the most common reasons for patient presentation
to the Emergency Department and represent a significant diagnostic challenge. Computed
tomography (CT) is considered the gold standard in the initial assessment of patients with
head trauma due to its availability and high sensitivity in detecting intracranial injuries.
However, the widespread and often indiscriminate use of CT contributes to emergency
department overcrowding and prolonged patient length of stay. In an effort to rationalize
CT utilization, several clinical decision-making tools have been developed, among which
the Canadian Head CT Rule (CCHR) holds a prominent role. The aim of this retrospective
study was to evaluate the use of the Canadian Head CT Rule (CCHR) in patients presenting
to the Emergency Department and to assess its potential in rationalizing indications for
head CT without compromising patient safety.

Materials and methods: This retrospective observational study analyzed patients admitted
with head injuries over a one-year period, with data collected from medical records. The
results were analyzed using descriptive statistical methods and presented as absolute and
relative values.

Results: The study sample included 272 patients with head injuries who underwent
head CT in the Emergency Department. Based on the presence of exclusion criteria for
the application of the Canadian Head CT Rule (CCHR), 54 patients were excluded from
the study, resulting in a final sample size of 218 patients. Exclusion criteria included
age under 16 years, anticoagulant therapy, and seizure occurring immediately after
the injury. Of the total sample, 65% were male and 35% female. The most common
positive finding within the CCHR criteria was amnesia lasting longer than 30 minutes,
present in 81 patients, whereas signs of skull or basilar skull fracture were the least
common, observed in only 5 patients. In 70% of performed head CT scans, there was
an indication for imaging according to the CCHR criteria. In the remaining 30% of
cases, CT imaging was not indicated according to the CCHR. Overall, CT findings were
normal in 82% of patients, while 18% had pathological findings. Among patients with
normal CT findings, an indication for CT according to the CCHR was present in 89%
of cases. Among patients with pathological CT findings, the CCHR did not indicate CT
imaging in 11 % of cases.

Conclusion: This analysis demonstrates that the CCHR has high sensitivity but limited
specificity. The large number of normal CT findings despite fulfilled criteria suggests
potential overutilization of imaging. On the other hand, the substantial proportion of
pathological CT findings in patients for whom the CCHR did not indicate CT confirms
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that the rule should not be applied in isolation. The CCHR is a valuable decision-making
tool, but it should always be combined with thorough clinical assessment.

Keywords: computed tomography; emergency medicine; head trauma

Sazetak

Uvod: Ozljede glave jedan su od najces¢ih razloga dolaska pacijenata u Centar urgentne
medicine te predstavljaju znacajan dijagnosticki izazov. Kompjuterizirana tomografija (CT)
predstavlja zlatni standard u inicijalnoj dijagnostici pacijenta s traumom glave zbog svoje
dostupnosti i visoke osjetljivosti u detekeiji intrakranijalnih ozljeda. Medutim, $iroka i
Cesto nekri¢na primjena CT-a dovodi do prevelikog opterecenja hitnih sluzbi te produzenog
boravka pacijenata u urgentnom centru. S ciljem racionalizacije uporabe CT-a razvijeni su
klini¢ki alati za dono$enje odluka, medu kojima Canadian Head CT Rule (CCHR) zauzima
istaknuto mjesto. Cilj ove retrospektivne studije bio je analizirati uporabu CCHT skora kod
pacijenata u Centru urgentne medicine, te procijeniti njegov potencijal u racionalizaciji
indikacija za CT glave bez ugrozavanja sigurnosti pacijenta.

Materijali i metode: Rije¢ je o retrospektivnoj opservacijskoj studiji kojom su analizirani
pacijenti zaprimljeni zbog ozljede glave u toku jedne godine, a podaci su prikupljeni na
osnovu medicinske dokumentacije. Rezultati su analizirani deskriptivnim statistickim
metodama te prikazani u obliku apsolutnih i relativnih vrijednosti

Rezultati: Ukupni uzorak je obuhvatio 272 pacijenata sa ozljedom glave kojima je uraden
CT glave u urgentnom centru. Na osnovu prisustva iskljuc¢ujucih kriterija za primjenu
Canadian CT head rule CCHR) operacione skale iz istrazivanja su isklju¢ena 54 ispitanika,
te ukupan uzorak za ovo istraZivanje iznosi 218. Iskljuc¢ujuci kriteriji su Zivotna dob ispod
16 godina, uzimanje antikoagulanasa i epi-napad neposredno nakon ozljede. Od ukupnog
uzorka, 65 % su ¢inili muskarci, a 35 % zene. Najces¢i pozitivan odgovor u CCHR skoru kod
nasih pacijenata bilo je prisustvo amnezije za period duzi od 30 minuta koji je bio prisutan
kod 81 pacijenta, dok je najrijede prisutan bio znak preloma lobanja/baze lobanje - u svega
5 pacijenta. Kod 70 % ucinjenih CT snimanja zbog ozljede glave, postojala je indikacija
po CCHR skoru. U prostalih 30 % CT snimanje nije bilo indicirano po CCHR skoru. U
ukupno 82 % pacijenata CT nalaz je bio uredan, dok je u 18% CT nalaz bio patoloski. Kod
pacijenata koji su imali uredan CT nalaz, u 89 % slucajeva je postojala indikacija za CT
snimanjem. Medu pacijentima koji su imali patoski nalaz CT-a, u 11 % slu¢ajeva CCHR
skor nije indicirao CT.

Zakljucak: Ova analiza pokazuje da CCHR ima visoku osjetljivost, ali ogranic¢enu
specifi¢nost. Veliki broj urednih CT nalaza unato¢ ispunjenim kriterijima ukazuje na
mogucu prekomjernu uporabu snimanja. S druge strane, zabiljezen je visok procent
patoloskih nalaza kod kojih CCHR nije indicirao CT $to potvrduje da pravilno ne smije
biti primjenjeno izolirano. CCHR je vrijedan alat u dono$enju odluka, ali ga je potrebno
kombinirati s klinickom procjenom.

Klju¢ne rijeci: hitna medicina; kompjuterizirana tomografija; trauma glave
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Introduction

Head injuries represent one of the most common reasons
for visits to emergency services and emergency departments
worldwide. In general, head injuries are among the most
frequent types of both open and closed traumatic injuries in
humans. They are also encountered across all age groups. It
is important to emphasize that the pathophysiology, initial
diagnostic approach, and management of head injuries differ
significantly among different age populations (1). Regardless
of these differences, computed tomography (CT) remains the
gold standard for the diagnosis of head injuries (2). Although
CT is therefore an indispensable diagnostic tool in emergency
departments and acute care settings, the justification for its

widespread use continues to be questioned. To some extent,
owing to its broad availability and ease of application, CT
has become a form of triage method in the urgent diagnostic
evaluation of traumatic injuries. Consequently, numerous
clinical decision-making tools have been developed to guide
diagnostic assessment. Several diagnostic scoring systems
and algorithms have been designed to identify patients who
genuinely require CT imaging, while simultaneously reducing
unnecessary CT utilization without compromising patient
safety.

The Canadian Head CT Rule (CCHR) is currently one of the
most commonly cited and widely used clinical decision tools
in emergency medicine settings (3). The CCHR was developed
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at the Ottawa Hospital Research Institute and is intended to
facilitate the identification of patients at increased risk of
clinically significant traumatic brain injury among individuals
presenting with head trauma. Compared with previously
developed algorithms, such as the New Orleans Criteria, the
CCHR has demonstrated higher specificity, which is why it is
considered one of the most broadly applicable diagnostic tools
in cases of minor head injury (4).

Head injuries represent one of
the most common reasons for
patient presentation to Emergency
Departments.

It is important to note that the CCHR is structured as a
clinical assessment tool consisting of 10 questions, with the
first three representing the so-called “exclusion criteria.”
These exclusion criteria include patients younger than 16
years of age at the time of injury, patients receiving chronic
anticoagulant therapy, and patients who experienced a post-
traumatic seizure immediately following the head injury. The
presence of one or more of these factors renders the CCHR
inapplicable in the specific clinical case, and its use in such
patients is therefore not recommended. In these populations,
serious traumatic brain injury cannot be reliably identified
using the CCHR. Furthermore, the CCHR is intended for
patients with clinically minor head injuries. It is not designed
for use in polytraumatized patients or in patients with severe
traumatic brain injury.

The aim of this study was to evaluate whether implementation
of the CCHR in patients presenting to our Emergency
Department could reduce the use of head CT for diagnostic
purposes without compromising patient safety.

Although computed tomography (CT)
is widely available, it is frequently
overutilized in the evaluation of head
trauma, often without a clear clinical
indication.

Materials and methods

This retrospective observational study analyzed all patients
presenting with minor head injury to the Emergency
Department of Cantonal Hospital Biha¢ over a one-year period.
It is important to emphasize that the Canadian Head CT Rule
(CCHR) was not applied prior to patient admission or before
the decision to perform CT imaging. Instead, the CCHR was
applied retrospectively, meaning that the CCHR score was
calculated for all patients who had already been examined,
treated, and underwent head CT imaging due to head trauma.

Data were obtained through review of medical records and
the hospital information system. Personal patient data and
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patient initials were not used in the study. The use of medical
documentation was approved by the institutional director
through an internal administrative authorization. The results
were statistically analyzed and presented in the form of tables,
graphs, and descriptive text.

Results

The total number of patients admitted to the Emergency
Department of our hospital due to head trauma was 272.
This number represents patients who underwent computed
tomography (CT) imaging of the head following the initial
clinical assessment and examination for head injury. During
the retrospective application of the Canadian CT Head Rule
(CCHR), exclusion criteria were taken into consideration.
Accordingly, the CCHR could not be applied to 54 patients,
as these included individuals younger than 16 years of age,
patients receiving long-term anticoagulant therapy, and
patients who experienced a seizure immediately following
head trauma. Consequently, the total number of cases eligible
for CCHR score calculation was 218.

Regarding sex distribution, male patients predominated,
accounting for 65% of the study population, while female
patients comprised 35%. Following the application of the
CCHR in patients who underwent head CT imaging, the
frequency of individual parameters considered by the CCHR
when determining recommendations for CT imaging was
analyzed. The most frequently positive variable among our
patients was retrograde amnesia lasting longer than 30 minutes
prior to injury, which was identified in 37.2% of cases. Other
parameters were observed less frequently, with suspected open
or depressed skull fracture being the least common criterion,
present in only 2.3% of cases.

Within our study sample, at least one positive CCHR criterion
was identified in 71% of patients following application of the
score, whereas no positive CCHR criteria were present in 29% of
patients. Considering the methodology and recommendations
of the CCHR, head CT imaging was indicated in 70% of
patients, while no indication for CT imaging was present in
30% of cases.

Although all patients underwent head CT imaging, normal
CT findings were reported in 82% of patients. Pathological CT
findings, indicating the presence of intracranial injuries, were
identified in 18% of cases. Analysis of patients with normal
CT findings demonstrated that, following application of the
CCHR, CT imaging had not been indicated in 89.2% of cases.
Conversely, among patients with pathological CT findings,
retrospective application of the CCHR demonstrated that
head CT imaging would not have been indicated in 10.8% of
patients.

Detailed results are summarized in Table 1.

Discussion

Analysis of the results obtained in our study clearly
demonstrated that patients with head injuries were
predominantly younger males. This finding is consistent with
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Table 1. Patient demographics overview

Sociodemographic Age 50,47+21,63 (16-89)
characteristics Gender Male 141 (64,7%)
Female 77 (35,3%)
CCHR criteria Age >65 years No 152 (69,7)
Yes 66 (30,3)
GCS 14,79+1,08 (3-15)
GCS <15 No 203 (93,1%)
Yes 15 (6,9%)
Vomiting >2 puta No 178 (81,7%)
Yes 40 (18,3%)
Retrograde amnesia >30 min. No 137 (62,8%)
Yes 81 (37,2%)
Dangerous injury mechanism No 187 (85,8%)
Yes 31 (14,2%)
Signs of skull fracture or basilar skull fracture No 213 (87,7%)
Yes 5(2,3%)
At least one of CCHR criteria is met No 62 (28,4%)
Yes 156 (71,6%)
According to CCHR Head CT was 65 (29,8%)
Head CT was indicated not indicated
153
(70,2%)
CT results Normal CT 178 (81,7%)
Pathological CT 40 (18,3%)

recent international studies confirming that males are more
frequently affected by head trauma.(5)

Taking into account the exclusion criteria that render the
Canadian CT Head Rule (CCHR) inapplicable in specific
cases of head injury, the total number of patients who
underwent head computed tomography (CT) imaging
in our Emergency Department was 272. Since the CCHR
was applied retrospectively to patients who had already
undergone clinical evaluation and head CT imaging, we
were able to exclude patients receiving anticoagulant
therapy, patients younger than 16 years of age, and patients
who experienced seizures immediately following the injury.
As there were 54 such patients, the final sample on which
the CCHR was retrospectively applied consisted of 218
patients.

It is important to emphasize that, in our Emergency
Department, head CT imaging is indicated only in patients
whose clinical presentation raises suspicion of significant
traumatic brain injury. Patients with very mild head trauma
are generally not referred for CT imaging. Considering that
head injuries are globally among the most common reasons for
Emergency Department visits (6), the findings of our analysis
are consistent with the expected prevalence of traumatic head
injuries.

We demonstrated that the CCHR is
a highly sensitive clinical decision-
making tool, with CT imaging indicated
in more than two-thirds of our cases.

Following the analysis of sociodemographic characteristics,
the CCHR was retrospectively applied to each individual case
in order to assess whether the rule would inaccurately classify
patients or accurately identify those requiring CT imaging of
the head. It should be emphasized that the CCHR is structured
as a clinical decision-making tool in which the presence or
absence of specific symptoms in patients with minor head
injury is evaluated, after which recommendations regarding CT
imaging are generated based on the recorded findings. Analysis
of symptoms in our study population demonstrated that the
most common positive CCHR criterion was the presence of
retrograde amnesia lasting longer than 30 minutes prior to the
traumatic event, which was observed in 37.2% of patients. In
clinical practice, this symptom was most commonly identified
through the patient’s inability to reconstruct the events
preceding the injury, which was interpreted as retrograde
amnesia. The duration of retrograde amnesia has been shown
in most studies to correlate with the severity of brain injury (7),
thereby justifying the use of head CT imaging in such patients.
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However, in nearly 11% of cases, the
CCHR would not have recommended
CT imaging despite the presence
of findings revealing significant
intracranial injury.

The second most frequent positive CCHR criterion in our
sample was age greater than 65 years. Previous studies have
clearly demonstrated that elderly patients are at increased
risk of more severe intracranial injury; therefore, the CCHR
appropriately recommends CT imaging in this patient
population. (8) As illustrated graphically, the least frequently
encountered CCHR criterion in our cohort was suspicion of
an open or depressed skull fracture.

Subsequently, we analyzed the number of patients for whom
the CCHR, based on the previously entered criteria, would
recommend CT imaging of the brain. It is important to reiterate
that all patients included in our sample had already undergone
head CT imaging, while the primary objective of the study
was to evaluate the potential of the CCHR to safely reduce the
number of unnecessary CT examinations. In our cohort, the
CCHR would have recommended CT imaging in 70% of cases,
whereas CT imaging would not have been indicated in 30%
of patients. Based solely on this finding, it could be argued
that CT imaging may have been unnecessary in approximately
30% of cases. However, it is evident that the CCHR cannot
be used as a triage tool. Previous studies have demonstrated
its effectiveness only when interpreted in conjunction with
clinical findings. (9)

We then analyzed head CT findings in our patient cohort.
It should be clarified that CT findings without evidence of
traumatic pathology were classified as normal CT findings,
whereas pathological CT findings were defined as those
demonstrating any form of traumatic injury involving the skull
and/or brain. Normal CT findings were observed in 82% of
patients, while pathological findings were present in 18% of
cases. The proportion of CT scans demonstrating traumatic
pathology correlates with findings from studies with larger
patient samples (10) and therefore cannot be interpreted as
evidence of unnecessary or indiscriminate CT utilization in
patients with head trauma.

Perhaps the most important aspect of the study was the
evaluation of the ability of the CCHR to identify patients
with intracranial pathology. Among patients with normal CT
findings, the CCHR would nevertheless have recommended
CT imaging in 78% of cases. However, among patients whose
CT findings demonstrated some form of intracranial injury,
application of the CCHR alone would not have indicated CT
imaging in 10.8% of cases. This finding suggests that these
cases would potentially have been missed.

This result strongly emphasizes that the CCHR should be
regarded as a clinical decision-support tool rather than
a screening method and, as such, should not be used
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independently or in isolation from comprehensive clinical
assessment that considers the broader clinical context of the
patient. Therefore, while the CCHR demonstrates potential
in reducing the number of unnecessary CT examinations in
patients with mild head injury, it also has limitations regarding
its specificity. (11)

Conclusion

Based on the results of our study, it can be concluded that head
injuries, as one of the most common reasons for Emergency
Department visits, represent a significant diagnostic challenge.
Although head CT remains the gold standard in the evaluation
of head trauma, its use is often non-selective.

The Canadian CT Head Rule (CCHR) is a highly sensitive
clinical decision-making tool whose application may contribute
to reducing the number of unnecessary head CT examinations.
However, the CCHR is not a triage method and should not be
applied in isolation, as a substantial proportion of pathological
CT findings could otherwise remain undetected.
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