DEPAT !

Emergency Physicians
Association of Turkey

EAJEV

Eurasian Journal of Emergency IVledicine

Citation abbreviation: Eurasian | Emerg Med

ISSN 2149-5807 « EISSN 2149-6048

Volume: 24
Issue: 3

September

2025

www.eajem.com

@ galenOS Official Journal of Emergency Physicians Association of Turkey

yayinevi




V' | @ ATUDER

k1

23-26 April 2026

Royal Seginus Hotel, Lara / Antalya

13™ INTERCONTINENTAL EMERGENCY
MEDICINE CONGRESS
&
13™ INTERNATIONAL CRITICAL CARE AND
EMERGENCY MEDICINE CONGRESS

IN CONJUNCTION WITH

22™ NATIONAL EMERGENCY MEDICINE CONGRESS
& .
2026 WACEM SUMMER LEADERSHIP SUMMIT

Silver Jubilee
1999-2026

o e

ETchc!lH EVENT & CONGRESS

Mah Dereboyu Cad Noc VA Brandium AVM RS Blok D:22 K3 Atagehr anbul

SCIENTIFIC SECRETARIAT  EmERGENCY PHYSICIANS ASSOCIATION OF TURKEY

Yukan Ayrana Galery(z Sk. No:26/19
> EPAT  coiim WETHI @ON ORGANIZATION SECRETARIAT
’ unus ozsumbul@ethiccon com - Phone: | )S

Emergency Physicians RROISI? 4261214 F:300 3124261244 1A |0 E-S==cvevent §iescscess HRTRMAL(ONGRESS
A ation o(Turkey Info@atuder.ong.ur www.atuder.orng.ur INTERNATIONAL CONGRESS

ne: (+90) 536 255 4040
Mrs. Guzern Qzgeli - Mail: gizem ozcesk@ethiccon.com - Phone: (+90) 538 845 3898
= e



EAJEM

Eurasian Journal of Emergency Medicine

Citation abbreviation: Eurasian | Emerg Med

OWNER AND RESPONSIBLE MANAGER ON BEHALF OF THE EMERGENCY PHYSICIANS ASSOCIATION OF TURKEY
Basar Cander
Department of Emergency Medicine, Bezmialem Vakif University Faculty of Medicine, Istanbul, Tiirkiye
basarcander@yahoo.com
ORCID ID: 0000-0003-1035-1907

Editors in Chief

Basar Cander

Department of Emergency Medicine, Bezmialem Vakif University Faculty
of Medicine, istanbul, Tiirkiye

basarcander@yahoo.com

ORCID ID: 0000-0003-1035-1907

Salvatore Di Somma

Postgraduate School of Emergency Medicine, University La Sapienza Rome,
Italy

salvatore.disomma@uniroma’l.it

ORCID ID: 0000-0002-1717-6585

Sagar Galwankar
Director for Research In Emergency Medicine Florida State University,
Florida, USA

gesagar@yahoo.com
ORCID ID: 0009-0007-4530-9107

Editorial Board

Ahmet Caglar

Beyhekim Training and Research Hospital, Clinic of Emergency Medicine,
Konya, Tiirkiye

drcaglard@gmail.com

ORCID ID: 0000-0002-0161-1167

Ali Gur

Atatiirk University, Clinic of Emergency Medicine, Erzurum, Tiirkiye
Bahadir Tashdere

Bezmialem Vakif University, Clinic of Emergency Medicine, istanbul,
Tiirkiye

doktoraligur@gmail.com

ORCID ID: 0000-0002-7823-0266

Behcet Al

Department of Emergency Medicine, Medeniyet University, Goztepe Prof.
Dr. Siileyman Yalgin City Hospital, istanbul, Tiirkiye
behcetal@gmail.com

ORCID ID: 0000-0001-8743-8731

Publisher Contact

Printing at: Son Siirat Daktilo Dijital Baski San. Tic. Ltd. Sti.

Printing Date: September 2025 ISSN: 2149-5807 E-ISSN: 2149-6048

&) galenos

International scientific journal published quarterly.

Harun Gilines

Balikesir University Faculty of Medicine, Department of Emergency
Medicine, Balikesir, Tiirkiye

haroonsun@hotmail.com

ORCID ID: 0000-0003-4899-828X

Kasim Turgut

Adiyaman Training and Research Hospital, Clinic of Emergency Medicine,
Adiyaman, Tiirkiye

kasimturgut@yahoo.com

ORCID ID: 0000-0003-2955-1714

Lukasz Szarpak

Medical Simulation Center, Faculty of Medicine, Lazarski University,
Warsaw, Poland

lukasz.szarpak@gmail.com

ORCID ID : 0000-0002-0973-5455

Scientific Advisory Board

Abdiilkadir Giindiiz

Karadeniz Technical University School of Medicine, Department of
Emergency Medicine, Trabzon, Tiirkiye

Abu Hassan Asaari B. Abdullah

Ministry Health Kuala Lumpur Hospital, Department of Emergency
Medicine, Kuala Lumpur, Malaysia

Anwar AL-Awadhi

Mubarak Al-Kabeer Hospital, Department of Emergency Medicine, Kuwait

Ajith Venugopalan
MOSC Medical College Hospital, Department of Emergency Medicine,
Kolenchery, Ernakulam, Kerala, India

Constantine Au
Emergency Care Training-Hong Kong, Medical Director, Hong Kong

Eddy Lang
Calgary University Faculty of Medicine, Department of Emergency
Medicine, Calgary, Canada

Address: Molla Giirani Mah. Kagamak Sk. No: 21/1 34093 istanbul, Tiirkiye Phone: +90 (530) 177 30 97
E-mail: info@galenos.com.tr/yayin@galenos.com.tr Web: www.galenos.com.tr Publisher Certificate Number: 14521

Gayrettepe Mah. Yildizposta Cad. Evren Sitesi A Blok No: 32 D: 1-3 34349 Besiktas, istanbul, Tiirkiye Phone: +90 (212) 288 45 75




EAJEM

Eurasian Journal of Emergency Medicine

Citation abbreviation: Eurasian | Emerg Med

Gireesh Kumar
Amrita Institute of Medical Sciences, Department of Emergency Medicine,
Cochin, India

Gregory Luke Larkin

University of Auckland, Department of Emergency Medicine, New
Zealand

Halil Kaya

University of Health Sciences Tiirkiye, Bursa Faculty of Medicice, Bursa,
Tiirkiye

Jameel Talal Abualenain

King Abdulaziz University Hospital, Department of Emergency Medicine,
Jeddah, Saudi Arabia

Jabeen Fayyaz

Aga Khan University Hospital, Department of Emergency Medicine,
Karachi, Pakistan

Jonathan H. Valente

Rhode Island Hospital, Department of Emergency Medicine, New York,
USA

Julie Mayglothling

Virginia Commonwealth University, Surgery Medical Center, Department
of Emergency Medicine, Richmond, VA, USA

Junaid A. Razzak

The Aga Khan University, Department of Emergency Medicine, Karachi,
Sindh, Pakistan

Mahmood Al Jufaili

Royal Hospital, Department of Emergency Medicine, Muscat, Sultanate
of Oman

Marc Sabbe

University Hospital Gasthuisberg, Department of Emergency Medicine,
Leuven, Belgium

Mehmet Giil

Necmettin Erbakan University School of Medicine, Department of
Emergency Medicine, Konya, Tiirkiye

Mehmet Okumus
Ankara Traning and Research Hospital, Department of Emergency
Medicine, Ankara, Tiirkiye

Oktay Eray

Department of Emergency Medicine, Bandirma Onyedi Eyliil University
School of Medicine, Balikesir, Tiirkiye

Osama Kentab

King Saud Bin Abdulaziz University, Paediatrics and Emergency Medicine
Department, Saudi Arabia

Rasha Buhumaid

Sheikh Khalifa Medical City, Emergency Department and Assistant
Program Director, Abu Dhabi, UAE

S.V Mahadevan

Stanford University Faculty of Medicine, Department of Emergency
Medicine, Stanford, USA

Saleh Saif Fares

Zayed Military Hospital Department of Emergency Medicine, Abu Dhabi,
UAE

Samad Shams Vahdati

Tabriz University of Medical Science, Department of Emergency Medicine,
Tabriz, Iran

Sedat Yanturali

Dokuz Eyliil University School of Medicine, Department of Emergency
Medicine, [zmir, Tiirkiye

Sharon E. Mace

Ohio State University School of Medicine, Department of Emergency
Medicine, Cleveland, OH, USA

Sreekrishnan T P

Amrita Institute of Medical Sciences, Department of Emergency Medicine
and Critical Care, Kochi, India

Sahin Aslan

Uludag University School of Medicine, Department of Emergency
Medicine, Bursa, Tiirkiye

Yunsur Cevik

Clinic of Emergency Medicine, Ankara Atatiirk Sanatorium Training and
Research Hospital, University of Health Sciences Tiirkiye, Ankara, Tiirkiye




EAJEM

Eurasian Journal of Emergency Medicine

Citation abbreviation: Eurasian | Emerg Med

/ List of the reviewers who reviewed papers for Eurasian Journal of Emergency Medicine September 2025. \
Esra Ersoz Geng Mert Ozen
Alper Solakoglu Fatih Cemal Tekin Mustafa Bogan
Ayse Ertekin Gokhan Yilmaz Osman Lutfi Demirci
Behcet Varisli Hiseyin Mutlu Oya Given
Betul Cigdem Yortanh ilker Kager Sema Ayten
David Adam Jacek Smeraka Serkan Giinay
Demet Acar Lukasz Chabowski Serife Ozding
Emine Emektar Mahmut Sami ince Turgut Dolanbay
Emine Ozdemir Kacer Melih Yiiksel Yesim isler




EAJEM

Eurasian Journal of Emergency Medicine

Citation abbreviation: Eurasian | Emerg Med

n o«

Please refer to the journal’s webpage (https://eajem.com/) for “Aims and Scope”, “Instructions to Authors” and “Ethical Policy”.

The editorial and publication process of the Eurasian Journal of Emergency Medicine are shaped in accordance with the guidelines of ICMJE, WAME, CSE, COPE, EASE,
and NISO. The journal is in conformity with the Principles of Transparency and Best Practice in Scholarly Publishing.

Eurasian Journal of Emergency Medicine is indexed in Web of Science-Emerging Sources Citation Index, TUBITAK ULAKBIM TR Index, British Library, EBSCO,
Gale, Embase, CABI, Directory of Research Journals Indexing, J-Gate, Tiirk Medline, Tiirkiye Atif Dizini, DOAJ, Hinari, GOALI, ARDI, OARE, AGORA, and ProQuest.

The journal is printed on an acid-free paper and published online.

Owner: Emergency Medicine Physicians Association of Turkiye

Responsible Manager(s): Basar Cander, Salvatore Di Somma, Sagar Galwankar




EAJEM

Eurasian Journal of Emergency Medicine

Citation abbreviation: Eurasian | Emerg Med

Contents

Editorial

150 Hematologic Inflammation Indices in Emergency CIN Risk Stratification in patients with Acute Coronary Syndrome-promise, Perspective,
and Prudence
Sekhar Jyoti Sharma; Guwahati, India

Original Articles

152 Vvalidity and Reliability of the Turkish Version of the Stanford Proxy Test for Delirium
Ebru Cakir Ozden, Korhan Kollu, Dursun Elmas, Eda Ferahkaya, Sevim Bozkus, Miinevver Demirel, Jose Maldonado, Muhammet Cemal Kizilarslanoglu; Konya, Tiirkiye;
Stanford, United States

163 Dominant vs. Non-dominant Hand in Pediatric Cardiopulmonary Resuscitation: A Randomized Crossover Simulation Trial
Burak Katipoglu, Malgorzata Kietlinska, Michal Pruc, Alla Navolokina, Wojciech Wieczorek, Basar Cander, Lukasz Szarpak, Halla Kaminska, Monika Tomaszewska;
Ankara, istanbul, Tiirkiye; Warsaw, Lublin, Katowice, Poland; Kyiv, Ukraine

171 Evaluation of ChatGPTs Performance in Tiirkiye’s First Emergency Medicine Sub-Specialization Exam
Hiiseyin Mutlu, Kamil Kokulu, Ekrem Taha Sert, Muhammed Ali Topuz; Aksaray, Tiirkiye

176 The Role of the K/iCa Ratio in Predicting in Hospital Mortality in Patients with Upper Gastrointestinal Bleeding
Handan Ozen Olcay, Emine Emektar, Seref Kerem Corbacioglu, Metin Uzman, Sedat Akkan, Yunsur Cevik; Ankara, Tiirkiye

183 Healthcare Under Attack
Hasan Demirbas, Ekim Saglam Giirmen, Mustafa Yorgancioglu; Kocaeli, Manisa, izmir, Tiirkiye

190 The Role of Serum Beta-Trace Protein in the Diagnosis and Prognosis of Sepsis Patients in the Emergency Department
Mehmet Yortanli, Ramazan Koylii, Oznur Koylii, Betiil Cigdem Yortanli, Basar Cander; Konya, istanbul, Tiirkiye

196 Comparison of Surgical and Non-Surgical Approaches on Mortality in Hip Fracture Patients
Doguhan Bitlisli, Muhammed Ikbal Sasmaz, Biilent Demir; Manisa, Tiirkiye

201 Large Language Models in Generating Differential Diagnoses in the Emergency Department: A Comparative Study of ChatGPT, Copilot, and
Emergency Physician
Banu Arslan, Biisra Erdem, Merve Osoydan Satici, Cagatay Nuhoglu, Hasan Yasin Soylu, istanbul, Tiirkiye

208 Performance of Modified Pneumonia Severity Indexes in Community-Acquired Pneumonia
Yasemin Yilmaz, Aynur Yurtseven; Ankara, Tiirkiye

214 Reasons, Outcomes, and Risk Factors for Emergency Department Visits in Pediatric Tracheostomy Patients: A Five-Year Single-Center Study
Hanife Tugge Caglar, Sevgi Pekcan, Gokgen Unal, Fatih Ercan, Fatma Nur Ayman, Suat Savas, Bahar Ece Tokdemir, Talha Kuyucuoglu, Ali Batuhan Alkan, Ozge Metin
Akcan, Mustafa Gengeli; Konya, Ankara, Tiirkiye

219 Emergency Department Evaluation of NLR, PLR, and LMR for Predicting Contrast-Induced Nephropathy in Acute Coronary Syndrome Patients:
A Retrospective Observational Study
Veysi Siber, Serdal Ates, Kaan Yildiz, Merve Berfin Onen, Meryem Sara Dayan, Burak Katipoglu; Ankara, Tiirkiye

228 Clinical Profile and Prognostic Indicators of Papaver Rhoeas Poisoning in Adults: A Retrospective Analysis from Tiirkiye
Emin Fatih Visneci; Konya, Tiirkiye

Letter to the Editor

232 Prehospital Electrocardiography Training: Cross-Industry Standard Process for Data Mining Method or Traditional Method?
GoOknur Yildiz; Eskisehir, Tiirkiye




e b . » —.,,1’
S L
B ; INEE —— - \ “"'“‘4‘ ‘{
" 1 4 ! ; .
:;“ I )| .:: H —v : 1 /A:”4“‘{“ ‘jiu
_ﬂ'm “'?! ¥ ' - ‘ 4 “4“‘”144411
B/ STR L e L A
. ‘g""“ﬁ 53‘ ‘)-’P‘ “::;, M‘. e mg.ﬁ) jf‘:.'}..'_ga

 s— T—A,.,.* mand

12. ULUSLARARASI

@ ATUDER AciL TIP VE ic HASTALIKLARI

Acil Tip Uzmanlari Dernegi KONGRESI

6. ULUSAL
AKORT aiLe HEkiMi VE KORUYUCU

AlLE HEKIMLIGI VE

KORUYUCU HEKIMLIK TIP DERNEG HEKIML'K TIP KONGRESI

W ETHIEoN




KTO KARATAY
UNIVERSITESI

’2nd INTERNATIONAL

TRAUMA
CONGRESS

KONYA CITY HOSPITAL

Qe

27-30th November

Visit for info and registration: Send your abstracts via e-mail:

@l} acil42.com/travmakongresi @ travmakongresi@gmail.com




EURASIAN JOURNAL OF EMERGENCY MEDICINE

DOI: 10.4274/eajem.galenos.2025.77785

Editorial

Eurasian | Emerg Med. 2025;24(3): 150-1

Hematologic Inflammation Indices in Emergency CIN Risk
Stratification in patients with Acute Coronary Syndrome-promise,

Perspective, and Prudence

® Sekhar Jyoti Sharma

All India Institute of Medical Sciences Faculty of Trauma and Emergency, Department of Trauma and Emergency, Guwahati, India

Keywords: ACS, contrast-induced nephropathy, hematologic indices, risk stratification

In the rapidly evolving and high-stakes environment of the
emergency department (ED), clinicians often confront the dual
imperatives of diagnostic efficiency and clinical prudence,
particularly in patients presenting with acute coronary
syndrome (ACS). The integration of contrast-enhanced imaging
or percutaneous coronary intervention into the diagnostic and
therapeutic algorithms for ACS has become ubiquitous. However,
this advancement carries a known iatrogenic risk: contrast-
induced nephropathy (CIN) (1). The need to balance life-saving
interventions against preventable complications such as CIN
underscores the necessity for rapid, cost-effective and accessible
risk stratification tools.

CIN has been defined as the impairment of renal function gauged
aseithera25%rise inserum creatinine from baseline oran increase
of 0.5 mg/dL (44 umol/L) in absolute serum creatinine value within
48-72 hours following intravenous contrast administration (2).
The prevalence of diabetes and chronic kidney disease is rising by
the day. Both of these are risk factors for acute kidney injury after
cardiac catheterization and percutaneous coronary interventions.
Based on current definitions the incidence of CIN ranges from 2%
to 30%. Most cases are completely reversible within two to four
weeks (3).

In this context, a study published in this issue, offers valuable
insights by evaluating the prognostic utility of hematologic
inflammation indicesnamely neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-

monocyte ratio (LMR) in predicting CIN among ACS patients in the
emergency setting. This retrospective observational study of 814
patients identifies a modest but clinically relevant role for these
biomarkers in early CIN risk stratification, with an emphasis on
accessibility and rapidity.

What sets this study apart is not merely its focus on NLR, PLR,
and LMR parameters that are increasingly recognized in the
literature (4-7) but the real-world application in an emergency
care context, where complex risk scoring systems often fall short
due to time constraints or incomplete data. The authors aptly
point out that most existing CIN prediction models (e.g., Mehran
score) (8) are resource- and time-intensive, making them less
practical in emergent settings. In contrast, inflammation indices
derived from routine complete blood count offer a rapid, low-
cost, and universally available alternative. The study’s findings
are notable. Patients who developed CIN (10.9% of the cohort)
were significantly older and had higher NLR and PLR values,
and lower LMR. Age >64 had the highest area under the ROC
curve [area under the curve (AUQ): 0.697], followed by NLR >5.2
(AUC: 0.615), PLR >137 (AUC: 0.590), and LMR <2.0 (AUC: 0.578).
Importantly, NLR showed the highest specificity (84%), and LMR
exhibited the highest sensitivity (86%) a compelling combination
that underscores their potential complementary utility in ruling
in or ruling out CIN risk.

Despite their statistical significance, the relatively modest AUC
values of these markers underscore an important caveat: they are
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not definitive diagnostic tools, but rather adjunctive indicators.
Their true strength may lie in their negative predictive value
high across all indices which allows clinicians to confidently rule
out CIN in low-risk patients and potentially reduce unnecessary
testing, delays, or interventions.

Furthermore, these biomarkers may serve as a screening
step prior to deploying more complex risk scores or initiating
nephroprotective strategies, such as hydration protocols or
minimizing contrast volume. The study thus aligns with the
evolving concept of tiered risk assessment, where readily
available data triage patients into different levels of monitoring
or intervention intensity.

The study is grounded in a biologically plausible framework.
Inflammation plays a central role in CIN pathogenesis,
primarily through endothelial dysfunction, oxidative stress,
and ischemic injury. NLR, PLR, and LMR are surrogate markers
of this inflammatory milieu. Elevated NLR reflects neutrophilia
and lymphopenia, both indicators of stress and systemic
inflammation. A high PLR, meanwhile, suggests a pro-thrombotic,
pro-inflammatory state, while a low LMR reflects monocytosis
and suppressed adaptive immunity, both of which are implicated
in tissue injury and impaired renal perfusion.

Like all retrospective single-center studies, this investigation is
not without limitations. The absence of data on contrast type
and volume, hydration status, and nephroprotective measures
introduces potential confounding. Moreover, the use of only
baseline values of the inflammatory markers overlooks the
dynamic nature of inflammation, especially in acute settings like
ACS. Nonetheless, the authors appropriately acknowledge these
limitations, and their meticulous data screening and exclusion
criteria lend credibility to their findings.

This study lays the groundwork for prospective, multicenter
investigations that can validate these findings across diverse
populations and healthcare systems. Future research should aim
to:

- Integrate these hematologic indices into multivariable CIN
prediction models.

- Examine serial measurements of NLR, PLR, and LMR for
dynamic risk stratification.

- Evaluate the cost-effectiveness of using these markers in ED
workflows.

Additionally, studies comparing these inflammatory indices with
established scoring systems (e.g., Mehran, AKI risk index) could
determine whether hybrid models offer improved performance.

Conclusion

This study provides timely and actionable insights into the use
of inflammatory hematologic indices for CIN risk prediction in
ACS patients undergoing contrast-enhanced procedures. While
not definitive on their own, NLR, PLR, and LMR serve as practical,
rapid-access tools that can assist emergency physicians in early
decision-making. Their incorporation into clinical practice could
enhance patient safety, optimize resource use, and support
individualized care core pillars of modern emergency medicine.

As we continue to seek precision in patient care without
compromising speed or simplicity, this study reminds us that
sometimes, the answers lie not in more complexity, but in better
use of what’s already in front of us.
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Abstract

Aim: The aim of this study was to perform a Turkish validation of the Stanford proxy test for delirium (S-PTDTV).

Materials and Methods: The original English version of the S-PTD was translated into Turkish using forward-backward translation methods.
The Turkish version S-PTDTV was then administered by experienced nurses to elderly patients in an intensive care unit (ICU). The validation
process involved assessing the sensitivity and specificity of the S-PTDTV by comparing its results with delirium diagnoses based on the
diagnostic and statistical manual of mental disorders, fifth edition (DSM-5) and the confusion assessment method for the ICU (CAM-ICU).
Reliability was assessed using internal consistency, intra-rater, and inter-rater reliability analyses.

Results: A total of 102 patients (50% female, mean age 74+9 years) participated in the study. When the cut-off score for the Turkish S-PTD
was set at 7 points, the test showed a sensitivity of 96.6% and a specificity of 94.4% for the detection of delirium (area under the curve=0.985,
p<0.001). High agreement was observed between S-PTD scores and both DSM-5 (k=0.885, p<0.001) and CAM-ICU (x=0.932, p<0.001). In
addition, reliability analyses showed high consistency for both inter-rater [intraclass correlation coefficient (ICC=0.993, p<0.001)] and intra-
rater (1(C=0.996, p<0.001) ratings. Internal consistency was also high, with a Cronbach’s alpha of 0.914.

Conclusion: The results of this study indicate that the Turkish version of the S-PTD is a valid and reliable tool for the diagnosis of delirium

in elderly ICU patients.

Keywords: A screening tool, delirium, intensive care unit, older patients

Introduction

Delirium and confusion are among the most common mental
disorders in the elderly and medically ill patients. They are
associated with many complex underlying medical conditions (1).
Improving the recognition of delirium has the potential to reduce
healthcare costs as well as patient morbidity and mortality, and
minimise long-term adverse complications.

The diagnostic and statistical manual of mental disorders, fifth
edition (DSM-5) criteria (2) are considered the gold standard for
diagnosing delirium. However, many clinicians have difficulty
with applying the DSM-5 criteria to diagnose delirium in clinical
cases (1). Therefore, several diagnostic tools have been developed
to help clinicians diagnose delirium, especially for non-psychiatric
physicians (3). The most commonly used tools are the confusion
evaluation method in the intensive care unit (CAM-ICU) and the
delirium rating scale-revised-98 (DRS-R-98) (4,5).
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The Stanford proxy test for delirium (S-PTD) is a new delirium
screening tool developed by Maldonado et al. (6), which is
based on the recently published criteria of the DSM-5 and the
10" revision of the international classification of diseases and
is designed specifically for use by nurses who follow patients
throughout shifts (7-9). Compared with the data reported in the
currentliterature, the S-PTD is more effective than other screening
tools and is quicker and easier to use when administered under
similar conditions. In addition, unlike other delirium screening
tools, the use of the S-PTD is not hindered by the patient’s
unwillingness or inability to cooperate. This diagnostic tool is
an important adjunct in the detection of delirium, improving
patient care and allowing assessment by nurses, who spend the
most time with patients and know them best (6).

The S-PTD consists of a total of 12 questions, which are scored as
never (worth 0 points), sometimes (worth 1 point) and most of the
time (worth 2 points). These parameters are attention, awareness/
orientation, memory, communication, learning new information,
reasoning and decision making, visuospatial difficulties,
perception, disorganised thinking, behaviour and psychomotor
activity, and sleep patterns. In addition, the time of development
of all these changes, the fluctuation during the day and the age of
the study participants were assessed. There is a 13-item, age, which
is scored based on its actual numerical value (i.e, <55 y/o = “07,
56-70 y/o = “1”, >70 y/o = “2”). To the best of our knowledge, the
validity and reliability of the Turkish version of the S-PTD have not
been investigated. Therefore, the aim of this study is to investigate
the validity and reliability of the Turkish version of the S-PTD.

Materials and Methods

This study was conducted in the Internal Medicine and
Nephrology Intensive Care Units at Konya City Hospital. Ethics
Committee approval was obtained (decision number: 38/17,
date: 17.12.2021).

The Study Protocol and Its Universe

Prior to commencing the study, Prof, Jose R. Maldonado was
contacted by email to obtain copyright permission for the use
of S-PTD, and the study commenced once permission had been
obtained.

Stages of the Study
Forward-backward Translation Processes

First, the S-PTD was translated from its original language,
English, into Turkish by professional native translators (forward
translation). Then, the final version of the Turkish S-PTD was
analysed by a team consisting of intensive care specialists,
psychiatrists, internal medicine, and geriatrics specialists, and

nurses, and compared with the original version in terms of
meaning. The consensus version of the Turkish S-PTD was then
reviewed by a linguist and the final version was produced.

The Turkish version of the S-PTD was then translated from
Turkish back into English by another professional team,
scientifically proficient in both Turkish and English, who had
never read the original S-PTD before (back translation). The
same team described above checked this version again. Finally,
the backward translated form was compared with the original
S-PTD for integrity of meaning. A linguist then reviewed the final
version of the S-PTD to make any necessary adjustments. The
final version of the S-PTD translated into Turkish can be found
in Appendix 1.

Validity and Reliability Steps
Location and Population of the Study

This study was conducted at the Konya City Hospital. Patients aged
60 years and older who were treated in the internal medicine
and nephrology intensive care units (ICUs) at the hospital with
45 beds were included in the study. Before enrolling, volunteers
were given detailed information about the study. Subsequently,
participants signed the informed consent form, by the patient
or their relatives, and were enrolled in the study consecutively.

Sample Size and Statistical Power

ICUs are where delirium is most common. Some studies have
reported that the incidence of delirium in elderly patients
hospitalised in ICUs can be as high as 87% (4). Taking this into
account, the sample size was calculated. The analysis was
performed using OpenEpi version 3.01 (Andrew G. Dean and
Kevin M. Sullivan, Atlanta, GA, USA). Our hospital has an ICU with
45 beds. It is predicted that the number of patients over the age
of 60 who can be admitted to this ICU within three months will
be around 200. Therefore, to achieve a 5% alpha error and a
95% confidence interval, with a design effect of 1, the minimum
number of patients needed to reach power was determined to
be 94.

Internal Consistency

The same nurse administered the Turkish version of the
S-PTD to all patients included in the study. Cronbach’s alpha
coefficient was used to determine the internal consistency
of the parameters of this test, with a value of 0.70 and above
interpreted as indicating a strong level of consistency. As a result
of the correlation analysis (Spearman’s rank correlation test)
between each parameter, the correlation coefficient of 0.81 and
above was considered excellent, 0.61-0.80, was considered very
good, 0.41-0.60, was considered adequate, correlations with a
correlation coefficient between 0.21-0.40 were interpreted as
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having an acceptable correlation, and values of 0.20 and below
were accepted as an insufficient correlation.

Construct Validity

The diagnosis of delirium was assessed in three ways, and its
validity was tested by examining the compatibility of these
assessments. First, all patients in the study underwent a
neuropsychiatric evaluation according to the DSM-5 criteria,
which is considered the gold standard for the diagnosis of
delirium. The DSM-5-based clinical assessment was performed
by a team consisting of an internist, a psychiatrist, an intensive
care physician, and a geriatrician. As a result of this assessment,
all patients were categorized as having or not having delirium.
In addition, patients diagnosed with delirium were further
subdivided into hypoactive, hyperactive, or mixed delirium.
This assessment was considered the gold standard. In addition,
all patients were assessed by an internal medicine specialist
using the CAM-ICU (10) as an objective test in this context. As
previously described, patients were assessed with the S-PTD by
the study nurse. The S-PTD and the gold standard assessment
were administered within 60 minutes of each other. Members
of the DSM-5-based diagnostic team and the study nurse were
blinded to each other’s diagnostic results and findings.

Patients with or without delirium were independently
categorised according to the DSM-5 criteria, and according to the
S-PTD. Agreement between the two assessments was analyzed
using Kappa statistics. Kappa coefficient was considered: <0,
no agreement; 0.0-0.20, insignificant agreement; 0.21-0.40,
fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80,
significant agreement; 0.81-1.00, almost perfect agreement. In
addition, receiver operating characteristic curve (ROC) analysis
was performed to determine the best S-PTD estimate that could
diagnose delirium using the gold standard method (DSM-5). An
area under the curve (AUC) of 0.6 and above, and a p value of
<0.05 were accepted as strong results.

Inter-rater Reliability

To test interrater reliability, two nurses were asked to perform
the S-PTD on the same patients at different times (within 60
minutes). A total of 40 patients underwent this assessment. The
S-PTD scores obtained from these assessments were tested by
intraclass correlation coefficient (ICC) analysis. An ICC value of
0.70 or higher is regarded as indicating acceptable reliability.

Intra-rater Reliability

To test intra-practitioner reliability, a nurse was asked to perform
the S-PTD on the same patients at two different times, with
the second assessment occurring at least 30 minutes and no
more than 60 minutes after the first assessment. A total of 40
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patients underwent this assessment. ICC analysis was performed
to test intra-rater reliability, and a value of 0.70 and above was
considered acceptable.

Inclusion Criteria

All patients aged 60 years and older who were hospitalised in the
ICU for at least 24 hours were consecutively included.

Exclusion Criteria

Patients under 60 years of age with a diagnosis of severe
dementia, suspected delirium tremens, stupor/coma, intubation,
acute cerebrovascular accident with intracranial haemorrhage,
and unable to communicate were excluded from the study.

General Characteristics of The Patients

General  demographic  characteristics, education level,
comorbidities, medications, reasons for ICU admission, date
of ICU admission, and Acute Physiology and Chronic Health
Evaluation-Il (APACHE 11) score were recorded. Chronic diseases
were assessed using the Charlson comorbidity index (CCl). In
addition, risk factors for delirium were assessed, including
chronic diseases; presence of sepsis; acute vascular events;
central nervous system pathologies; electrolyte imbalance;
hypoxia; malnutrition risk (determined by the Nutritional risk
screening-2002 score, which was routinely completed by the
service nurses, with a score of three and above being accepted
as a risk of malnutrition); dehydration (decided by physical
examination); trauma; cancer; history of alcohol consumption;
central venous catheter and urinary catheterisation.

Statistical Analysis

IBM SPSS version 21.0 package (Armonk, NY, USA) was used for
statistical analysis. The Kolmogorov-Smirnov test, histogram,
and coefficient of variation were used to test whether numerical
variables were normally distributed. Normally distributed
numerical variables were expressed as mean * standard
deviation, and non-normally distributed numerical variables
were expressed as median (minimum-maximum). Categorical
variables were presented as numbers and percentages.

When comparing numerical variables between independent
groups, the Student’s t-test was used for those with a normal
distribution and the Mann-Whitney U test for those without
a normal distribution. Chi-square or Fisher's exact tests were
used to compare categorical data between independent groups.
For reliability analyses, Cronbach’s alpha was used for internal
consistency, and 1CC analysis was used to assess intra- and inter-
practitioner reliabilities. Kappa and ROC analyses were used for
validity. A p value of <0.05 was accepted as statistically significant.
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Results

General Clinical Features and Delirium Status

The mean age of the patients was 7419 years (50% female). The
incidence of delirium was 29.4% and 27.5% according to DSM-
5 and CAM-ICU criteria, respectively. The median values for the
CCl, body mass index, and APACHE Il score were 7, 25, and 21,
respectively, while the number of medications used in the ICU
was 5. The demographic data and general characteristics of the
patients are summarised in Table 1.

When the S-PTDTV sub-parameters were evaluated in detail, it
was found that all three categories were adequately scored in
11 out of 13 parameters. However, it was noted that item 9
(rating of disorganised thinking) was not adequately rated when
the dimensions were explored. Therefore, the third column of
this item was not scored after the assessments. On the other
hand, it was noted that item-13, evaluation of age, was given
1 or 2 points. This is because we only conducted the study with
older patients. The numbers and percentages of patients who
responded to the S-PTDTV sub-parameters in detail are shown in
Table 2. According to the DSM-5 criteria, the patients were divided
into two groups with present or absent delirium and compared
in terms of clinical characteristics (Table 3). As expected, the
number of risk factors for delirium was higher in patients with
delirium than in those without (p=0.045).

Validity and Reliability Analysis Results

ROC analyses showed that in our sample, the S-PTDTV had an
overall sensitivity of 96.6% and specificity of 94.4% (p<0.001)
for detecting delirium (compared with the DSM-5-based
assessment/gold standard) when the cut-off was considered
to be >6 (AUC=0.985). A difference was observed between
hyperactive and hypoactive cases. In fact, these rates were 100%
sensitivity and 97.22% specificity to detect hyperactive delirium
(AUC=0.997, S-PTDTV cut-off >8, and p<0.001), while these
rates had 87.5% sensitivity and 95.83% specificity in patients
with hypoactive delirium (AUC=0.957, S-PTDTV cut-off >7, and
p<0.001), compared to the gold standard DSM-5-based clinical
assessment.

As the correlation coefficients of item-9 (disorganized thinking)
and item-13 (age) were below 0.2 (as shown in the internal
consistency analysis), the ROC analyses were repeated without the
mentioned parameters. The cut-off for delirium were then found
to be >5 when excluding item-13 only (AUC=0.984, p<0.001,
96.67% sensitivity and 95.83% specificity) or a different value
when excluding both item-9 and 13 from the S-PTD (AUC=0.981,
p<0.001, 96.7% sensitivity and 97.2% specificity). The results of
the ROC curve analysis are shown in detail in Table 4.

Table 1. General clinical characteristics of the study population

Features p value
Gender, female 51 (50.0)
Age, years 74£9
cal 7 (2-13)
Number of drugs 5(0-12)
BMI, kg/m? 25 (12-47)
APACHE Il score, median (min.-max.) 21 (8-48)
Comorbidities

Hypertension 59 (57.8)
Diabetes mellitus 45 (44.1)
Coronary artery disease 22 (21.6)
Cerebrovascular events 9(8.8)
Malignancy 22 (21.6)
Educational status

illiterate 52 (51.0)
Primary school graduate 42 (41.2)
Secondary school graduate 6(5.9)
High school graduate 2(2.0)
Reason for hospitalization

Acute kidney injury 13(12.7)
Sepsis 29 (28.4)
Respiratory failure 15(14.7)
Hypervolemia 6(5.9)
Pancreatitis 1(1.0)
Gastrointestinal system bleeding 7(6.9)
Other 31(30.4)
Marital situation

Married 69 (67.6)
Unmarried 2(2.0)
Widowed 31(30.4)
Smoking

Unused 54 (52.9)
Smoker 25 (24.5)
Ex-smoker 23 (22.5)
Use of alcohol

Unused 92(90.2)
Active/social drinker

Ex-drinker

Delirium status according to DSM-5 criteria

Present 30 (29.4)
Hypoactive 8(7.8)
Hyperactive 16 (15.7)
Mixed type 6(5.9)
Absent 72 (70.6)
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Table 1. Continued Table 2. Continued
Features ‘ p value Parameters n (%)
Delirium status according to CAM-ICU criteria Item-9 (Disorganized thinking)
Present 28 (27.5) None 97 (95.1)
Absent 74 (72.5) Sometimes 5(4.9)
Categorical variables were shown as numbers (n) and percentages (%). Normally Most of the time -
distributed continuous parameters were presented as mean + standard deviation X T
while the skew distributed ones were as median (min.-max.). CCl: Charlson Item-10 (Behavior or psychomotor activities)
comorbidity index, BMI: Body mass index, CAM-ICU: Confusion assessment method None 85 (83.3)
for the ICU, DSM-5: Diagnostic and statistical manual of mental disorders, fifth -
edition, BMI: Body mass index, APACHE 1I: Acute physiology and chronic health Sometimes 12(11.8)
evaluation-Il, min.-max.: Minimum-maximum Most of the time 5 (4‘9)
Item-11 (Sleep pattern)
Table 2. The numbers and rates of patients assessed for the None 75 (73.5)
S-PTD sub-parameters X
Sometimes 22 (21.6)
Parameters n (%) -
- Most of the time 5(4.9)
Item-1 (Attention) . .
Item-12 (Fluctuation in severity)
None 55 (53.9)
- None 70 (68.6)
Sometimes 38(37.3) -
- Sometimes 23 (22.5)
Most of the time 9(8.8) -
- - Most of the time 9(8.8)
Item-2 (Awareness- orientation)
Item-13 (Age)
None 66 (64.7)
- <55 R
Sometimes 26 (25.5)
, 56-70 37(36.3)
Most of the time 10(9.8)
>70 65 (63.7)
Item-3 (Memory)
S-PTD: Stanford proxy test
None 64 (62.7)
Sometimes 25 (24.5) In addition, inter- and intra-practitioner reliability analyses
Most of the time 13(12.7) were evaluated using the ICC, which showed high reliability. The
ltem-4 (Communication) results are summarized in Table 5.
None 76 (74.5) S-PTDTV scores were compared with DSM-5 and CAM-ICU scores
Sometimes 19 (18.6) and evaluated using Kappa concordance analyses. S-PTDTV cut-
Most of the time 7(6.9) off were considered separately. The grading system proposed by
Item-5 (Learning new information) Maldonado et al. (6), and according to the cut-off we found in our
None 67 (65.7) study (by removing age and disorganised items), was accepted.
Sometimes 27 (26.5) As a result of the Kappa analyses for each score, it was found
Most of the time 8(7.8 that there was excellent agreement (Kappa values were in the
Item-6 (Decision-making) range of 0.761-0.932) (Table 6). The internal consistency analysis
None 75 (73.5) showed a high Cronbach’s alpha coefficient of 0.914 (Table 7).
Sometimes 21(20.6) The correlation coefficients of item 9 (disorganised thinking) and
Most of the time 6 (5.9) item 13 (age) were below 0.2, indicating poor correlations.
Item-7 (Visuospatial) Di .
None 83 (81.4) IScussion
Sometimes 14 (13.7) This study has shown that the Turkish version of the S-PTD is
Most of the time 5(4.9) valid and reliable in detecting delirium when used in elderly
Item-8 (Perception) patients admitted to ICU.
None 90 (88.2) o o )
- The incidence of delirium in ICUs is about 20 percent and the
Sometimes 10(9.8) bt | i<l |
Most of the fime 220 cumulative prevalence is almost 40 percent (11). More scales
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are currently being used to assess delirium in these patients (4).
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However, simple methods that can be used by both clinicians
and nurses are needed. As a result, the diagnosis of delirium is
often missed by both doctors and nurses (12).

Our study evaluated the validity and reliability of the Turkish
version of the S-PTD. It showed that, when the cut-off score
was considered >6, the instrument had high sensitivity and
specificity rates for the diagnosis of delirium (sensitivity 96%,
specificity 94%, AUC=0.985). When items 9 and 13 were removed
from the parameters, as the correlation coefficients were <0.2
in the internal consistency analysis, and the cut-off score was
considered >5 in the diagnosis of delirium, the model was again
found to have high sensitivity and specificity rates (sensitivity
96%, specificity 97%, and AUC=0.984).

In the previous study by Maldonado et al. (6), the sensitivity was
80.72% and the specificity was 90.37% when the cut-off score was
>3 in the diagnosis of delirium; in the study by Alosaimi et al. (7),
the sensitivity was 82.7% and the specificity was 95.3% when the
cut-off score was >5. The sensitivity and specificity of the CAM-I1CU
test, another commonly used scale for the diagnosis of delirium,
were 76-84% and 95%, respectively (13). Another commonly used
tool for the diagnosis of delirium, the intensive care delirium
screening checklist (ICDSC), has a reported sensitivity of 74-83%
and specificity of 75-83%. Similarly, the DRS-R-98 has a reported
sensitivity of 56-93% and specificity of 82-92%, while the Nursing
delirium screening scale (Nu-DESC) has a reported sensitivity of
32-96% and specificity of 69-82% (5).

Table 3. Comparison of numerical and categorical data according to the delirium status

Parameters DEIirium present DEIirium absent p value
n=30 n=72

Gender, female 12 (40.0) 39(54.2) 0.192

Age, year 77£10 7319 0.082

ca 7 (2-11) 7 (2-13) 0.865

Number of drugs 4(0-11) 5(0-12) 0.515

BMI, kg/m? 24 (12-37) 25 (12-47) 0.141

The number of delirium risk factors 5 (2-9) 4(1-7) 0.045

APACHE Il score 20 (11-47) 21 (8-48) 0.727

DM 13 (43.3) 32 (44.4) 0.918

HT 15 (50) 44 (61.1) 0.303

CAD 5(16.7) 17 (23.6) 0.439

cvD 4(13.3) 5(6.9) 0.302

COPD 7(23.3) 8 (11.1) 0.114

Malignancy 5(16.7) 17 (23.6) 0.439

Categorical variables were shown as numbers (n) and percentages (%). Normally distributed continuous parameters were presented as mean * standard deviation while the

skew distributed ones were as median (min-max). DM: Diabetes mellitus, HT: Hypertension, CVD: Cerebrovascular disease, CAD: Coronary artery disease, BMI: Body mass index,

CCl: Charlson comorbidity index, COPD: Chronic obstructive pulmonary disease, APACHE I1: Acute physiology and chronic health evaluation-I

Table 4. The ROC curve analysis results

Parameters AUC Cut-off p value Sensitivity (%) | Specificity (%) | NPV (%) | PPV (%)
Z‘:Igczcg%;ng deliriom) 0985 |>6 <0001 | 96.60 94.40 8790 | 98.60
S-PTD score

(In recognizing hyperactive delirium) 0.997 ~8 <0.001 100.0 97.22 88.90 100.00
S-PTD score o 0957 |>7 <0.001 87.50 95.83 70.00 98.60
(In recognizing hypoactive delirium)

S-PTD total score

(In recognizing delirium) 0.984 >5 <0.001 96.67 95.83 90.60 98.60
(item-13 was not included in S-PTD)

S-PTD total score

(In recognizing delirium) 0.984 >5 <0.001 96.70 97.20 93.50 98.60
(item-9 and -13 were not included in S-PTD)

AUC: Area under the curve, NPV: Negative predictive value, PPV: Positive predictive value, S-PTD: Stanford proxy test, ROC: Receiver operating characteristic curve
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Our current study found that using a cut-off score of >5 on the
S-PTDTV scale (excluding parameters 9 and 13) gave the best
results for diagnosing delirium. In addition, a higher sensitivity
rate (96%) was observed than in the two previous studies (7).
However, further studies may confirm this result, as the current
study was conducted in a single centre with a small sample size
and mostly older patients.

Although CAM-ICU, ICDSC, DRS-R-98, and other scales can be
widely used to detect ICU delirium (6-10), the limited patient
interaction due to ventilator dependence, especially in ICU
patients with hypoactive delirium, may limit their use (14-17).
Nevertheless, our findings from the current study, supported
by the literature, suggest that the Turkish version of the S-PTD
can be used quickly and safely in ICUs to assess delirium and its
subtypes in hypoactive or hyperactive forms.

Table 5. Reliability analysis results

1CC p value
Inter-rater 0.993 (0.98-0.99) <0.001
Intra-rater 0.996 (0.93-0.98) <0.001

ICC: Intraclass correlation coefficient

The S-PTDTV can be applied by a nurse in as little as one minute
(10). On the other hand, the Nu-DESC scale, one of the other scales
used, has been reported to take approximately 1-2 minutes;
the 1CDSC scale approximately 3 minutes; and the CAM scale
approximately 5 minutes (10,18,19). Therefore, the superiority
of the S-PTDTV over other tests is due to its speed of use and
because it can be administered by nurses; moreover, nursing
practice skills and patient-nurse interaction may influence the
results.

Age is known to be one of the most important risk factors for
delirium (20), and the risk of delirium increases with age (21).
In our study, the mean age of patients with delirium was higher
than that of patients without delirium. However, this finding did
not reach statistical significance (p=0.082) because only older
patients and a relatively small sample size were included in the
study. There is insufficient evidence on the effect of gender on
the development of delirium (22). However, some studies have
suggested that the risk of delirium may be higher in men (23).
In our study, 60% of the delirium group was male, and there was
no statistical difference compared with the non-delirium group.

Table 6. Validity analysis results

The S-PTD’s cut-offs in predicting delirium Kappa p value
DSM-5 vs. S-PTD 3 points and more 0.761 <0.001
DSM-5 vs. S-PTD Higher than 6 points 0.885 <0.001
DSM-5 vs. S-PTD When the age and disorganized substances were removed: higher than 5 points 0.930 <0.001
CAM-ICU vs. S-PTD 3 points and more 0.807 <0.001
CAM-ICU vs. S-PTD Higher than 6 points 0.932 <0.001
CAM-ICU vs. S-PTD When the age and disorganized substances were removed: higher than 5 points 0.931 <0.001
DSM-5: Diagnostic and statistical manual of mental disorders, fifth edition, CAM-ICU: Confusion assessment method for the ICU, S-PTD: Stanford proxy test
Table 7. Internal consistency analysis results

1. 2. 3. 4. 5. 7 8 9 10. 11 12 13

ltem-1 -
Iltem-2 0.650
Item-3 0.657 | 0.829
Item-4 0.653 | 0.570 | 0.659
Iltem-5 0.699 0.619 0.708 0.781 -
Iltem-6 0.568 0.663 0.725 0.661 0.750
Item-7 0.509 |0535 |0.628 |0.662 |0.584 |0.617 |-
Item-8 0353 [0248 0313 |0475 |0433 |[0318 |0408 |-
Iltem-9 0.297 0.187 0.288 0.333 0.351 0.186 0.157 0.493 -
Iltem-10 0.405 0.315 0.267 0.441 0.381 0.258 0.497 0.572 0.257
Item-11 0.576 0488 |0.394 |0459 |0.484 |0.321 0414 0512 |0.278 |0.715
Item-12 0.594 |0582 |0.524 |0.604 |0.641 0.490 |0557 |0.588 |0.351 0.680 | 0.790
Iltem-13 0.135 0.113 0.158 0.136 0.019 0.034 0.105 0.055 0.171 0.039 -0.051 0.028 -
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When the S-PTDTV sub-parameters were assessed in detail in our
study, it was found that all three categories were assessed and
scored appropriately in 11 out of 13 parameters. However, in the
question assessing item 9 (disorganised thinking), most patients
scored 0 and 1. This situation made us think that item 9 might
be difficult for nurses to understand in Turkish. Item-13 (age) was
scored only 1 or 2 points because we conducted our study on
patients over the age of 60. For these reasons, the correlation
coefficients of item 9 and item 13 in the internal consistency
analysis were <0.2.

Therefore, subtracting these two parameters from one another
may be an alternative way to evaluate older patients. However,
the ROC and Kappa analyses, both with and without the two
mentioned parameters, show that the S-PTD can be used in both
ways. In the case of 13 parameters, the sensitivity and specificity
for the diagnosis of delirium were 96% (AUC=0.985), when the
cut-off was above 6 points. When 9 and 13 were subtracted from
the parameters and the cut-off was considered >5 points, the
sensitivity was 96% and the specificity was 97% (AUC=0.984).

Study Limitations

The main limitations include the relatively small sample size,
that the study was conducted in a single centre, and that it only
included patients aged 60 years and older. Replication studies
with a larger sample, conducted in several medical centres,
might show more accurate results. However, as our findings are
supported by strong statistical results in the current study, we
believe that our study will demonstrate the potential of S-PTDTV
and stimulate further interest in this line of work.

Conclusion

The S-PTDTV is an efficient and easy-to-use delirium screening
tool that is not affected by the fluctuating clinical variability of
delirium, especially in clinical settings where patient cooperation
is limited, such as ICUs, and other similar settings. In addition,
the short time required to administer the S-PTDTV is likely
to encourage obtaining information from the nurse rather
than direct patient involvement in scoring. This study clearly
demonstrates that the Turkish S-PTD is valid and reliable in
assessing delirium in elderly patients hospitalized in ICUs.
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Appendix 1. The Turkish Version of S-PTD (S-DTT Tiirkce versiyonu)
Tiirkce Stanford Deliryum Temsil Testi (S-DTT)

Maldonado JR ve arkadaslari. Psychosomatic 2020;61(2):116-26.

Stanford Universitesi Tip Fakiiltesi, Psikiyatri Bolim

Aciklama — Calisma vardiyaniz sirasinda yapilan gozlemlere ve onceki 12 saat icinde diger personel

ve hastanin ailesi tarafindan gozlemlenen veya bildirilen bilgilere dayanarak, asagida listelenen Hig Bazen g:ﬁ:;n
maddelerden herhangi birinin hastaniz icin gecerli olup olmadigini degerlendiriniz.

1. Vardiyaniz siiresince hastaniz dikkat ile ilgili zorluklar yasadi mi?

Ornegin;

a) Soru sordugunuzda veya yonlendirme yaptiginizda odaklanmada 0 1 2

b) Konusma esnasinda dikkatinde kolayca dagilma
¢) Dikkat gerektiren gorevlerde dikkatinde kolayca dagilma (6rnegin; form doldurmak gibi)

2. Vardiyaniz siiresince hastaniz farkindalik/yonelim ile ilgili zorluklar yasadi mr?
Ornegin; asagidakileri bilmeyle ilgili zorluklar:

a) Nerede oldugunu 0 1 2
b) Tibbi durumunun ne oldugunu
¢) Neden burada oldugunu

d) Tarihin ne oldugunu

3. Vardiyaniz siiresince hastaniz bellek ile ilgili zorluklar yasadi mi?
Ornegin;

a) Hastaneye neden basvurdugunu unutmak 0 1 2
b) Ziyaretci, 6guin, prosedirler gibi giinliik olaylart unutmak

¢) Saglik ekibi ve diger personellerin kimliklerini/gorevlerini unutmak gibi

4. Vardiyaniz siiresince hastaniz sozlii veya yazili iletisim ile ilgili zorluklar yasadi mi? (Sadece
konusma degil)

Ornegin; asagidakilerle ilgili zorluklar:
a) Bir nesnenin ne oldugunu bilmek ancak nesnenin adini tam olarak hatirlayamamak 0 1 2
b) Dogru kelimeleri anlamsiz, sagma kelimelerle degistirmek
¢) Sorulan sorulara mantiksiz cevap vermek

d) Anlasiimayan sekilde veya mirildanarak konusmak

5. Vardiyaniz siiresince hastaniz yeni bilgi 6grenmede zorluklar yasadi mi?

Ornegin; asagidakilerle ilgili zorluklar:
a) Tibbi durumu ile ilgili 0 1 2
b) Fizyoterapi/Ergoterapi stiresince yeni rehabilitasyon hareketlerini

@) Yeni, hastane ekipmanlarini kullanmayi (mesela; yatak basi pisuvar, koltuk degnegi, tekerlekli sandalye,
aspirator cihazi)

6. Vardiyaniz siiresince hastaniz mantikli diisinme ve karar verme konularinda zorluk yasadi mr?
Ornegin,;

a) Saglik ekibi veya ailesi ile bakim seceneklerini tartisirken bilgileri mantikli bir sekilde kullanmada 0 1 2
b) Alternatifler onerildigi zaman tercih edilen secenegi secmede (mesela; yatagin konumlandiriimasi,
jaluzilerin acik veya kapali olmasi)

7. Vardiyaniz siiresince hastaniz gorsel mekansal (uzamsal) zorluklar yasadi mi?
Ornegin;

e 0 1 2
a) Yemek tepsisini getirip gotlirmede
b) Bir seyi tutarken kaybetme veya yerken, icerken, emerken agzini bulamama gibi

Tirkge Stanford-Delirium Temsil Testi (S-DTT)
Maldonado ve arkadaslari, 2020
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Aciklama — Calisma vardiyaniz siiresince yaptiginiz gozlemlere ve 6nceki 12 saat icinde diger personel ve Cogiu
hastanin ailesi tarafindan gozlemlenen veya rapor edilen bilgilere dayanarak “0” = “hi¢”, “1”= bazen, “2”= Hig Bazen zar%mn
¢ogu zaman” seklinde derecelendiriniz.
8. Vardiyaniz siiresince hastaniz algilar ile ilgili zorluk yasadi mi?
Ornegin;
a) illizyon (mesela; odadaki nesnelerin baska bir sey olduguna inanmak veya duydugu sesleri/konustugu dili 0 1 2
yanlis yorumlamak)
b) Isitsel ve/veya gorsel Haltisinasyonlar (6rnegin; derisini veya carsafindaki “seyleri” cekistirme, hayali nesneleri
tutma/isaret etme, odada olmayan insanlarla sohbet etme)
9. Vardiyaniz siiresince hastaniz dezorganize (daginik) diisiince sergiledi mi?
Ornegin,;
a) Daginik (dezorganize) konusma veya konuyu dagitma
b) Gergekle tutarsiz olan sabit, yanlis inanislar, mesela; 0 1 2
* Paranoya (ornegin; saglik ekibinin kendisini zehirlemeye calistigina dair inanislar)
* Grandiyoz (buyuklik) fikirler
* Referans fikirler (6rnegin; alakasiz olaylarin hayati icin 6zel bir onemi oldugunu dustndir)
10. Vardiyaniz siiresince hastaniz davranislarinda ve/veya psikomotor aktivitelerinde degisiklik sergiledi mi?
Ornegin;
a) Alisiimadik sekilde endiseli (ajite) ve asiri uyarilmis (hiperalert) davranma (mesela; diken tstiinde olma hali) 0 1 2
b) Ruh halinde hizl ve ongoriilemeyen degisiklikler gosterme
o) Alisiimadik sekilde yavas hareket etme (diisiince veya hareketlerde), ice kapanma ve gozle goriliir hareket
eksikligi sergileyerek, tizgtin veya depresif sekilde davranma
11. Vardiyaniz siiresince hastaniz uyku diizeninde degisiklik gosterdi mi?
Ornegin,;
a) Uykusuzluk yasama 0 1 2
b) Klinik olarak anlamli olan ve gtinliik islevlerini etkileyen giindiiz asiri uyku hali olmasi
) Gun icerisinde son derece canli ve rahatsiz edici riiyalar gorme
d) Riyasindaki olaylari gercekte olmus gibi anlatma
12. Yukanda aciklanan degisiklikler, nispeten kisa bir siire icerisinde (saatlerden giinlere) gelismistir ve
hastanin baslangictaki dikkat ve farkindalik diizeyinden farkhlik gostermektedir ve bu degisikliklerin siddeti | 0 1 2
giin icerisinde dalgalanma egilimindedir.
<55 56-70 | >70
13.Yas yas yas yas
0 1 2
TOPLAM PUAN
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Abstract

Aim: This study assessed the impact of hand dominance on the quality of pediatric chest compressions during simulated cardiopulmonary

resuscitation (CPR).

Materials and Methods: A randomized crossover trial was conducted with 31 medical students trained in pediatric life support. Each
participant performed chest compressions using both the dominant (DCC) and non-dominant hands (NDCC) on a high-fidelity pediatric
simulator. Key CPR metrics, including compression depth, rate, hand placement accuracy, and rescuer fatigue, were analyzed.

Results: No statistically significant differences were found between DCC and NDCC in terms of compression depth (p>0.05), compression
rate (p>0.05), rescuer fatigue (p=0.864), or perceived ease of compression (p=0.612). However, hand placement accuracy was significantly
better with NDCC (p=0.029). Additionally, anthropometric factors, particularly body mass index (BMI) and height, positively correlated with
compression depth and frequency, suggesting that individuals with higher BMI and height may achieve more effective compressions.

Conclusion: Hand dominance does not affect CPR quality, except for improved correct hand placement with NDCC. Personalized CPR training
should consider rescuer characteristics to optimize performance. Further research is needed to refine pediatric resuscitation strategies.

Keywords: Pediatric cardiopulmonary resuscitation, hand dominance, chest compression quality, fatigue, medical simulation

Introduction

The efficacy of cardiopulmonary resuscitation (CPR) relies on
the application of high-quality chest compressions, which are
essential for the effective return of spontaneous circulation
(ROSC) and post cardiac arrest neurological function, especially in
children (1,2). The American Heart Association (AHA) and European
Resuscitation Council guidelines recommend that, in adults, chest
compressions should be 5-6 cm deep and delivered at a rate of
100-120 CPM, while in children, compressions should be one-

third of the depth of the child’s chest (3,4). Unfortunately, those
standards can be quite difficult to implement in everyday clinical
practice. Epidemiological studies indicate that the prevalence of
out-of-hospital cardiac arrest in children varies from 8 to 20 per
100.000 individuals, with a survival rate to hospital discharge
of 6 to 12% (5,6). Conversely, in-hospital cardiac arrest (IHCA)
cases exhibit improved survival rates, ranging from 25% to 50%.
However, the quality of CPR remains a critical determinant of
long-term neurological outcomes (5,7).
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Insufficient quality of compressions results in hemodynamic
implications.  Previous studies have demonstrated that
insufficiently deep compressions (less than 5 cm for adults) might
reduce coronary perfusion pressure by 50%, hence diminishing
the likelihood of ROSC (8). This scenario in children is further
complicated by anatomical and physiological abnormalities. For
instance, in pediatric intensive care unit (ICU) scenarios involving
CPR, only 32.9% of instances adhered to the advised compression
rate of 100-120 per minute. Several instances demonstrate that a
chest compression rate of 80-100 compressions per minute (CPM)
adversely correlates with survival, demonstrating an adjusted
relative risk of 1.92 (9).

Interruption of chest compressions should be minimized to
maximize efficiency. Compressions with pauses over 10 seconds
reduce the survival probability by 3% for each five-second
interruption (5). The quality of CPR diminishes owing to rescuer
fatigue, which is prevalent even while adhering to established
compression criteria within 2-3 minutes, for the inexperienced
individual (8).

In children over one year of age, cardiac arrests mostly result
from cardiac conditions such as congenital heart disease and
cardiomyopathies (7). Furthermore, many comorbid variables
significantly impact outcomes; patients with congenital cardiac
disease constitute 21% of IHCA patients requiring extracorporeal
cardiopulmonary resuscitation (ECPR), with a survival rate of
46%. Children lacking cardiac issues exhibited a 30% survival
rate. In the past decade, the increased implementation of ECPR,
especially in ICUs, has shown improved results; yet, it remains
excessively dependent on the initial quality of CPR administered
(6,7).

Despite advancements in CPR techniques, the impact of hand
choice on compressions remains ambiguous. The one-hand
chest compression technique is recommended for children and
those with small thoracic dimensions; however, there are no
guidelines on the preference for the dominant or non-dominant
hand (NDCQ) in its application. Certain data suggest that the
dominant hand (DCC) may enhance the capacity to regulate
compression force and depth, although it may also result in
accelerated muscle fatigue (8). To enhance the efficacy of chest
compressions, adherence to established parameters is essential;
nevertheless, individual circumstances, including the rescuer’s
physique and the progression of tiredness, must also be taken
into account. The integration of current research on one-handed
CPR procedures with epidemiological data and pathophysiology
considerations may lead to revised training protocols and
enhanced worldwide survival rates.
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The aim of this study was to evaluate and compare the quality of
pediatric chest compressions performed using the DCCand NDCC
hand in a simulated resuscitation setting.

Materials and Methods

This research was executed as a randomized crossover trial to
assess and compare two pediatric chest compression methods:
with DCC and the NDCC. The study was conducted in a
regulated medical simulation environment, in compliance with
international ethical standards for research involving human
subjects. The Institutional Review Board of the Polish Society
of Disaster Medicine provided ethical permission for the study
(decision number: 44-2024-0312-IRB, date: 12.12.2024). All
participants provided voluntary written informed consent before
enrollment in the study.

The crossover design was deliberately employed to reduce inter-
individual variability by having each participant serve as their
own control, facilitating direct intra-individual comparisons
among the three approaches. This analytical approach improves
the accuracy of outcome evaluation and minimizes confounding
variables related to individual skill disparities. We conducted the
study in compliance with the CONSORT standards for reporting
randomized crossover trials to uphold methodological integrity
and enhance repeatability (10,11).

Participants

The study included medical students participating in pediatric life
support (PLS) training conducted by AHA-accredited instructors.
Inclusion criteria required prior completion of basic life support
training (3). Exclusion criteria included recent upper limb
injuries (within the past six months) and lack of prior exposure to
pediatric CPR training.

Study Procedure

Allparticipantswereenrolledinastructured pediatricresuscitation
training program, an essential part of their medical education.
Before taking part in the study, they attended a standardized
60-minute theoretical session that covered the pathophysiology
of pediatric cardiac arrest, CPR guidelines, and the technical
details of two compression techniques under evaluation. These
techniques were chest compressions performed with the DCC
and those performed with the NDCC.

After completing the theoretical session, participants engaged in
a practical training session under the guidance of an experienced
instructor. This session involved hands-on demonstrations and
supervised practice using an advanced pediatric simulator
(MegaCode Kid, Laerdal Medical, Stavanger, Norway). To ensure
proficiency and uniformity in technique, each participant was
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given a 30-minute practice period before the experimental
phase to become familiar with both compression methods.
For the experimental phase, a different pediatric simulator
(SimJunior®, Laerdal Medical, Stavanger, Norway) was utilized
to maintain standardization and eliminate bias that could
arise from performing CPR on the same simulator used during
training. This approach helped prevent potential learning
effects or unconscious adjustments to a familiar manikin, which
might influence compression technique, depth, or consistency.
The use of a separate, high-fidelity pediatric simulator for data
collection ensured an objective evaluation of each technique’s
effectiveness, independent of familiarity with the equipment.
To maintain measurement precision and reliability across all
participants, the simulator was calibrated before each session.
Additionally, to uphold consistency, the simulator was positioned
on a firm surface in a well-lit environment.

Participants were randomly assigned to one of two groups,
with one group beginning chest compressions using the DCC
technique and the other starting with the NDCC technique
(Figure 1). Each participant performed a continuous 2-minute
compression cycle, followed by a 10-minute rest period to
minimize fatigue and ensure sustained performance. The
sequence continued in a crossover design until all participants
had performed both techniques. This study design allowed each
individual to act as their own control, facilitating a direct intra-
individual comparison of compression efficacy, rescuer fatigue,

Research Group
(n=31)

ENROLLMENT

Excluded (n=0)
- declined to participate (n = 0)
- other reasons (n =0)

h 4

A 4

Randomization (first chest compression method
to be performer and order of participants)

Allocation

Allocation to start with DCC Allocation to start with NDCC
(n=16) (n=15)

Allocation to start with NDCC Allocation to start with DCC
(n=16) (n=15)

ANALYSIS

Collectedl numbers
of interventions (n = 62)

Figure 1. PRISMA flow chart
NDCC: Non-dominant hands, DCC: Dominant

and technique efficiency while reducing variability related to
individual skill levels.

Outcomes

The primary focus of this study was to evaluate the quality
and effectiveness of chest compressions by analyzing key CPR
performance metrics. These included the average compression
rate, and the percentage of compressions performed within
the recommended 100-120 CPM range, ensuring adherence to
international guidelines. Compression depth was also examined,
with an emphasis on the mean compression depth and the
proportion of compressions reaching the recommended depth
of >40 mm, as per the AHA guidelines (3). Additionally, chest
recoil was assessed by measuring the percentage of compressions
achieving full chest relaxation, which is crucial for optimizing
coronary perfusion. Hand placement accuracy was recorded to
determine the precision and consistency of chest compression
techniques.

The subjective and physiological reactions of participants to
different compression techniques were evaluated in more detail.
Each compression method was rated on ease of performance,
indicating how much effort was needed for each technique.
Participants were asked to rate their discomfort and fatigue
levels on the borg rating of perceived exertion as well as on
the Numerical Rating scale from 0-10. A composite score that
combined the objective measures of CPR performance and
subjective measures of performance was calculated to assess
both the quality of CPR and the effort needed from the rescuer.

All participants were required to perform CPR on the same
pediatric simulator, which ensured that there was no variation
in the participants’ experiences. To reduce bias, all data were
captured in real time via the feedback system of the pediatric
simulator. This enabled the measurement of CPR quality to be
independent of the participants’ subjective insights.

Sample Size Determination and Statistical Power

The sample size was derived from power analysis guided by
existing randomized crossover studies examining the efficacy
of various chest compression techniques during pediatric
resuscitation. The precision of estimates is increased by the
crossover design, which reduces inter-personal variability,
allowing every participant to act as their own control and making
a smaller sample size possible.

Intervention research has shown a mean difference in
compression depth of 3.0 mm [standard deviation (SD)= 2.5
mm] between different chest compression methods (12).
Consequently, these estimates are selected as the outcome
measure. A power calculation performed with G"Power 3.1 for a
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within-subject ANOVA test showed that with alpha equal to 0.05,
power set at 80 percent, and effect size set at (f) 0.25, at least 30
participants are required to detect observed differences in chest
compression performance.

Due to the within-subject design, fewer participants are needed
for this study than is typical with parallel-group designs. It is
reasonable to assume that a sample of 30 subjects is sufficient to
power statistical comparisons of compression depth, compression
rate, and rescuer fatigue for different techniques.

Statistical Analysis

All statistical analyses were conducted using RStudio (Version
2024.12.0+467, R Foundation for Statistical Computing, Vienna,
Austria). Descriptive statistics for continuous variables are
presented as means and SD. The Shapiro-Wilk test was employed
to assess the normality of data distributions, while Levene’s test
evaluated the homogeneity of variances. To compare participant
performance between the two chest compression techniques (DCC
vs. NDCC) within the framework of a randomized crossover design,
a paired t-test was used. In instances where the assumption of
normality was violated, the Wilcoxon signed-rank test served
as a non-parametric alternative. The relationships between
anthropometric parameters [gender, body weight, height, and
body mass index (BMI)] and chest compression performance
metrics were examined using Pearson’s correlation coefficient
(r) for variables exhibiting normal distributions and Spearman’s
rank correlation coefficient (p) for those not exhibiting normal
distributions. The statistical significance of these correlations
was determined, with a p value <0.05 considered indicative
of significance. All statistical tests were two-tailed, and results
are reported as Mean * SD for both techniques, accompanied
by the corresponding p values. Analyses were performed using
the stats and rstatix packages in R. Data visualization, including
boxplots, Bland-Altman plots, and correlation heatmaps, was
executed using the ggplot2 package, facilitating a comprehensive
comparison of the techniques.

Results

The study had 31 participants, whose average age was 21.19
years. The participants were found to have a mean body weight
of 69.97 kg, a mean height of 171.90 cm, and a mean BMI of
23.59, ranging from 17.31 to 37.34, respectively. The subset of
19 female respondents had an average age of 21.42 body weight
of 63.11 kg height of 166.11 cm BMI of 22.93. The remaining
12 participants, who constitute the rest of the sample, had
characteristics that include being 21.03-year-old males with a
body weight of 80.83 kg and a height of 181.08 cm, resulting in
an average BMI of 24.64.
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Results of Chest Compressions and Fatigue Outcomes

This included 31 participants who performed DCC and NDCC in
a randomized crossover design. We analyzed descriptive statistics
and the key performance parameters to compare DCC and NDCC
techniques and compiled these data in Figures 2 and 3.

The ease of compression score averaged 4.29+2.47 for DCC and
4.1342.01 for NDCC, exhibiting no statistically significant difference
(p=0.612; Table 1). Similarly, there was no difference noted in the
levels of fatigue (4.74%2.25 for DCC versus 4.81+2.32 for NDCC,
p=0.864). The levels of hand pain also did not differ between the
two techniques (4.32£2.23 versus 4.42+2.20, p=2.20).

On average, the performance score was better with NDCC,
(68.58%30.26) compared to DCC (62.521+30.49). The difference,
however, was not statistically significant (p=0.303). The average
chest compression frequency did not differ statistically between
the two techniques (115.81£16.05 versus 115.10+13.40,
p=0.773).

The difference in the proportion of subjects with correct hand
position was significantly higher for one technique (p=0.029),
which shows that the particular method used influenced the
hand positioning accuracy.
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Figure 2. Chest compression quality among research groups
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Figure 3. Effect of compression on fatigue and pain complaints

VAS: Visual Analog scale, NDCC: Non-dominant hands, DCC:
Dominant, CC: Contralateral comparison
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There were, however, no statistically significant differences in
all other parameters except for correct hand position, which
had a significant difference (p>0.05 for all other comparisons).
This suggests that the perceived effort level, skill to perform
compression, and the fatigue of the subjects were uniform across
the methods.

Relationship Between Performance of Chest Compressions
and Anthropometric Variables

Table 2 reveals the relationship between the anthropometric
variables of gender, body weight, height, BMI, and chest
compression performance. While weight and height may affect
body compression depth and rate, other CPR components seem
to be related to weight and height.

Table 1. Chest compression quality and fatigue outcomes among chest compression techniques

Parameter Dominant hand Non-dominant hand p value
Total score 62.52 (30.49) 68.58 (30.26) 0.303
Mean rate 115.8 (16.04) 115.1 (13.4) 0.772
Adequate rate (100-120) 53.8 (42.77) 56.35 (39.14) 0.693
Mean depth 47.8 (7.04) 48.58 (11.23) 0.669
Adequate depth 4532 (44.4) 49.26 (41.08) 0.604

Full relaxation 75.77 (33.58) 84.13 (28.35) 0.153
Correct hands position 90.61 (26.08) 100.0 (17.7) 0.029

Ease of chest compression 4.29 (2.46) 412 (2.01) 0.612
Fatigue level 4.74 (2.25) 4.81(2.31) 0.864
Hands pain 432 (2.23) 4.41 (2.20) 0.781
Table 2. Correlation between anthropometric parameters and chest compression quality

Parameter ‘ Gender differences ‘ Effect of body weight ‘ Impact of height Body mass index
Dominant hand

Total score -0.065 0.135 0.086 0.104
Mean rate -0.135 0.246 0.087 0.262
Adequate rate (100-120) -0.014 -0.137 -0.151 -0.065
Mean depth -0.289 0.387 0.396 0.212
Adequate depth -0.303 0.329 0.415 0.118
Full relaxation 0.138 -0.333 -0.007 -0.358
Correct hands position -0.084 0.287 -0.007 0.326
Ease of chest compression -0.096 -0.011 -0.043 -0.016
Fatigue level -0.032 -0.118 -0.070 -0.092
Hands pain 0.147 -0.268 -0.156 -0.226
Non-dominant hand

Total score -0.053 -0.004 -0.008 0.030
Mean rate -0.039 0.236 -0.137 0.349
Adequate rate (100-120) -0.099 -0.145 -0.048 -0.121
Mean depth -0.287 0.349 0.285 0.249
Adequate depth -0.155 0.205 0.214 0.118
Full relaxation -0.103 -0.288 0.019 -0.362
Correct hands position 0.145 -0.083 -0.335 0.105
Ease of chest compression -0.115 -0.085 0.080 -0.154
Fatigue level -0.300 0.013 0.274 -0.151
Hands pain -0.090 -0.049 0.166 -0.175
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In terms of the total compression score, chest compression with
the DCC technique showed weak positive relationships with
body weight and BMI (r=0.136), suggesting that individuals with
higher body mass tend to make more effective compressions.
Furthermore, the average compression rate was positively
related to BMI (r=0.262) and body weight (r=0.247), which
indicates that participants with high BMI and body weight made
a greater number of compressions. Compression depth was also
moderately positively correlated with BMI, body weight (r=0.213),
and height (r=0.396), indicating that deeper compressions were
achieved by taller and heavier persons. Good compression depth
was associated with BMI (r=0.118), body weight (r=0.329), and
height (r=0.415). Additionally, there was a positive correlation
between deep compressions and all other body composition
tools.

The outcome presented in this section follows a similar pattern,
with a difference in the strength of correlations. Total Skull
Compression score showed almost non-existent correlation with
BMI (r=0.030). Conversely, there was a moderate correlation
between the mean compression and both BMI (r=0.349) and body
weight (r=0.237). This suggests that those with a higher BMI and
body weight performed a greater number of compressions, with
BMI playing a greater role than it does with Technique A. Degree
of compression showed positive correlation coefficients with
BMI (r=0.250), body weight (r=0.350), and height (r=0.285), thus
adding credence to the proposition that body mass and stature
have an impact on compression effectiveness. In addition, good
compression depth have positive r values with BMI (r=0.119),
body weight (r=0.206), and height (r=0.215). As with technique
A, the anthropometric measurements and the proper alignment,
position, or frequency of hand compression did not correlate
significantly, which suggests these aspects of performance are
not greatly affected by body composition.

Discussion

This randomized crossover trial examines a significant gap in
pediatric resuscitation research by assessing the influence of
hand dominance on CPR quality in children, defined by the AHA
as those aged one year to puberty. Our data contest traditional
beliefs about the biomechanical advantage of the DCC in this age
group, demonstrating that compression depth, rate, and rescuer
fatigue are similar between DCC and NDCC compressions. The
only exception-improved hand placement accuracy with NDCC-is
especially pertinent in pediatric resuscitation, where anatomical
limitations, that include smaller sternal landmarks and changing
chest wall compliance, increase the likelihood of incorrect
compression positioning. These findings correspond with recent
research that supports method flexibility, while emphasizing
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the unique physiological and developmental factors specific to
pediatric CPR.

The absence of notable variations in essential CPR parameters
between DCC and NDCC contrasts with adult findings but aligns
with previous pediatric studies (13). While prior research on
baby resuscitation (<1 year) indicated comparable compression
efficiency for dominant and non-dominant two-finger
approaches, our findings broaden these insights to encompass
older children. The findings indicate that hand preference does
not inherently influence compression quality when appropriate
biomechanics are upheld. This may indicate developmental
adaptations: as children mature, the growing stiffness of the
chest wall (attaining 40% of adult thoracic rigidity by age 8)
requires greater compressive power, hence diminishing small
variations in the effects of hand dominance (14). Nonetheless,
the persistent dominance of NDCC in hand placement precision,
especially vital in younger children with sternal lengths under
5 cm, indicates that cognitive-motor techniques may offset
biomechanical constraints. Neuroergonomic studies suggest
that the utilization of the non-dominant limb stimulates
supplemental motor regions linked to intentional movement
planning, perhaps improving accuracy when addressing delicate
pediatric anatomy (13).

The enhanced hand placement accuracy reported with NDCC
(p=0.029) has clinical significance due to the severe repercussions
of improper positioning in pediatric patients. A recent registry
investigation associated a lateral compression displacement
of merely 1 cm in toddlers with a 22% rise in rib fracture rates
and a 15% decrease in the likelihood of ROSC (15,16). Our data
indicate that NDCC may provide a protective benefit, especially
for rescuers with minimal pediatric experience. This corresponds
with pediatric advanced life support standards that prioritize
anatomical landmarks over compression force, although existing
protocols do not address hand preference for children over one
year of age. The divergence in placement accuracy and other
performance metrics highlights the necessity for age-specific CPR
quality standards-a notion that is gaining prominence in neonatal
research but has not yet been systematically implemented in
pediatric populations beyond infancy (13).

Anthropometric correlations indicated that rescuer BMI and
height positively predicted compression depth, corroborating
results from previous pediatric manikin research while raising
distinct issues for application in older children. Although heavier
rescuers attain deeper compressions, this “advantage” becomes
a double-edged sword because of the significant variability in
chest wall resilience among children aged 6 to 12 years (2.4-4.2
cm anteroposterior depth) (15). Universal depth targets (e.g.,
one-third chest depth) may elevate the danger of iatrogenic
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damage if implemented without consideration of patient size
and rescuer physique. Our data indicate that a 10 kg increase in
rescuer weight is associated with 1.3 mm deeper compressions,
a clinically significant difference considering that a 4 mm depth
variation might affect cardiac perfusion pressure by 18% in
school-age children. These findings support the implementation
of weight-adjusted CPR algorithms similar to weight-based drug
dosage methods, especially as juvenile patients near pubertal
growth spurts that significantly affect chest biomechanics.

The contradictory relationship between objective performance
and subjective weariness necessitates careful examination
in  pediatric resuscitation. Notwithstanding comparable
compression measurements, participants indicated slightly
elevated perceived exertion with NDCC an effect that was
intensified in younger children during actual resuscitations.
Prior research on pediatric CPR suggests that perceived weariness
escalates as patient size diminishes, irrespective of actual
exertion (17). This psychological-physiological disjunction may
arise from the increased precision requirements of pediatric CPR
as rescuers inadvertently apply compensatory muscular tension
to prevent injury to perceived vulnerable patients. In pubertal
patients nearing adult size, this impact may lessen, indicating
that feelings of weariness are influenced by both the patient’s
size and the rescuer’s experience (18).

These findings underscore the necessity for enhanced pediatric
CPR instruction and protocols. For younger children (1-8 years),
in which hand placement errors pose a significant risk, training
could emphasize NDCC as a default strategy while retaining DCC
as an alternative (19). In school-age youngsters, educators may
advise on rescuer self-evaluation: “If landmarks are unclear,
utilize the NDCC for accuracy; if depth is insufficient, return
to the DCC for strength.” For pubertal patients nearing adult
physiology, adult CPR guidelines may become applicable earlier
than formally specified, particularly in children exhibiting early
pubertal development (20). Such age-stratified approaches
align with the AHA’s increasing recognition of developmental
physiology in pediatric resuscitation but require further
validation through multicenter trials (3).

Study Limitations

Despite the methodological rigor of this randomized crossover
trial, several limitations must be acknowledged. First, the use
of a simulated resuscitation environment, while necessary for
standardization, may not fully replicate the complexities of
real-world pediatric cardiac arrest scenarios. The controlled
nature of the study, including the absence of factors such as
emotional stress, variable patient presentation, and dynamic
clinical environments, limits the generalizability of our findings
to actual pediatric resuscitations. Second, the study cohort

consisted exclusively of medical students who had undergone
standardized PLS training. While this ensured a uniform baseline
of CPR competence, it did not account for potential performance
differences across a broader range of rescuers, including
laypersons, paramedics, and pediatric specialists. Variability in
clinical experience, strength, and technique among professional
rescuers could influence CPR quality in ways not captured in this
study. Third, the manikin used for data collection, while a high-
fidelity simulator, may not perfectly replicate the biomechanical
properties of a pediatric chest. Variations in thoracic compliance,
rib elasticity, and sternal landmarks among real pediatric patients
may impact compression accuracy and efficacy differently from
those observed in this study. Future research incorporating
cadaveric or live patient data is warranted to validate these
findings. Fourth, although our crossover design minimized
inter-individual variability, the 2-minute compression duration
may not fully capture the dynamics of fatigue during prolonged
resuscitations. In real-world settings, pediatric resuscitations
often extend beyond this timeframe, potentially exacerbating
rescuer fatigue and altering compression quality over time.
Studies assessing longer compression durations and real-time
fatigue accumulation are necessary. Fifth, the study did not
account for potential handedness-related cognitive and motor
adaptations over time. While our findings suggest no significant
difference in CPR quality between dominant and NDCC use,
prolonged training and experience may lead to compensatory
strategies that could influence results. Longitudinal studies
assessing the impact of repeated exposure and skill retention
over time are needed. Finally, while our statistical power was
sufficient for detecting differences in compression depth and
accuracy, larger multicenter studies are required to confirm these
findings across diverse populations and training backgrounds.
Further investigation into how anthropometric factors influence
CPR performance across different age groups and rescuer
demographics could refine resuscitation guidelines.

Future investigations should emphasize three principal
domains: 1) Biomechanical modeling of age-specific force-depth
relationships throughout pediatric developmental stages; 2)
Creation of adjustable CPR feedback systems that consider both
patient age and rescuer anthropometrics; and 3) Longitudinal
studies on technique retention in lay rescuers, noting that 67% of
pediatric out-of-hospital cardiac arrests occur at home.

Conclusion

The study found no statistically significant differences in fatigue,
pain, or ease of compression between the DCC and NDCC
techniques, indicating that both methods require a similar
level of effort and cause comparable discomfort. However, a
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significant difference was observed in correct hand positioning,
suggesting that one technique may offer an advantage in
precision, which warrants further investigation. Additionally,
anthropometric variables, particularly BMI, body weight, and
height, showed positive correlations with chest compression
depth and frequency. This suggests that individuals with greater
body mass and stature are capable of performing deeper
and more frequent compressions, potentially enhancing CPR
effectiveness. However, factors such as hand alignment and
compression frequency did not show significant associations
with body composition, indicating that certain aspects of CPR
performance are independent of physical attributes.
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Abstract

Aim: This study aims to evaluate ChatGPT’s performance in Tiirkiye’s Emergency Medicine Sub-Specialization Exam by assessing its success in
answering both standalone and scenario-based questions through repeated testing.

Materials and Methods: This study utilized 60 multiple-choice questions from the Emergency Medicine Sub-Specialization Exam, comprising
30 standalone questions (50%) and 30 scenario-based questions (50%). Each question was presented to ChatGPT five times on different days,
with all tests being conducted by researchers using the same computer. The latest version of ChatGPT, based on the GPT-4 architecture
and extensively trained on medical texts and journals as of October 2023, was employed to ensure the highest available level of medical
knowledge.

Results: ChatGPT achieved an overall accuracy rate of 85%, correctly answering 255 out of 300 questions across five trials. The accuracy rates
for the five trials were 85% (51/60), 86.7% (52/60), 86.7% (52/60), 85% (51/60), and 81.7% (49/60), respectively, with no statistically significant
difference between trials (p=0.94). ChatGPT demonstrated significantly higher accuracy in standalone questions compared to scenario-based
questions [91.3% (137/150) vs. 78.7% (118/150), p=0.002]. Notably, ChatGPT exhibited consistent accuracy in interpreting visual data and
correctly answering the two radiology-related questions across all five trials.

Conclusion: ChatGPT demonstrated high performance and consistency in Tirkiye's first Emergency Medicine Sub-Specialization
Exam, particularly excelling in standalone questions and radiological image interpretation. While the system is generally promising, its
lower performance on scenario-based questions highlights the need for further development of clinical reasoning skills. These findings
suggest potential applications of artificial intelligence systems in medical education and assessment, while emphasizing the necessity for

improvements in clinical decision-making abilities.

Keywords: ChatGPT, artificial intelligence, emergency medicine, sub-specialty examination, medical education

Introduction

Recent advancements in artificial intelligence (Al) technology
have introduced significant potential applications in the medical
field. Specifically, Large Language models (LLMs), a subset of Al
systems developed for natural language processing, have shown
promise in medical knowledge evaluation and clinical decision-
making (1). Among these, ChatGPT, developed by OpenAl and
launched in November 2022, has attracted considerable attention
for its performance in medical education (2).

Early studies evaluating ChatGPT's performance in medicine
focused on the United States Medical Licensing Examination,

where the system achieved success rates exceeding 60% (3).
Similarly, studies conducted in Europe reported its successful
performance in various specialty board exams (4). In the field
of emergency medicine, ChatGPT has demonstrated that it can
be used in successful triage of mass casualty events, and has
shown promising results in Taiwan’s Emergency Medicine Sub-
Specialization Exam (5,6). While these findings highlight Al's
potential in medical knowledge evaluation, they also underscore
the need for further research on its role in clinical reasoning and
decision-making processes.

Sub-Specialization  Exams comprehensively —assess  both
theoretical knowledge and clinical reasoning skills of the
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candidates (7,8). Previous studies have reported ChatGPT's
success in Sub-Specialization Exams for Medical Specializations
(YDUS) and evaluations of sub-specialty trainees (7-9). In this
study, we aim to evaluate ChatGPT’s performance in Tiirkiye’s
first Emergency Medicine in YDUS (ED-YDUS). Specifically, we
analyzed the system’s performance on standalone and scenario-
based questions, assessed its consistency across repeated tests,
and examined its accuracy in radiological image interpretation.

Materials and Methods

In this observational study, we evaluated ChatGPT’s performance
on the ED-YDUS. In Turkiye, YDUS has been administered by the
Student Selection and Placement Center (OSYM) across various
sub-specialties since 2010. The first ED-YDUS was conducted
on December 15, 2024 (10). The exam consists of 60 multiple-
choice questions, each with five answer options, and is prepared
in Turkish by OSYM. While designing the exam, OSYM refers to
standard reference textbooks in emergency medicine, including
Tintinalli’'s Emergency Medicine: Comprehensive Study Guide, 9"
Edition, and Rosen’s Emergency Medicine: Concepts and Clinical
Application, 10" Edition. In this study, we used ChatGPT-4 Omni
(ChatGPT-40), considered to have the highest level of medical
knowledge among its peers (11). ChatGPT-40 is an advanced
LLM developed by OpenAl using the GPT-4 architecture (12),
extensively trained on medical datasets, including texts and
journals, up to September 2024 (13).

YDUS exam questions were obtained from the official website
(https://ais.osym.gov.tr/bireyselgiris/yandalsorulari)  between
December 15 and 25, 2024. The 60 multiple-choice questions
were independently evaluated by two authors (Kamil Kokulu
and Hiseyin Mutlu) and categorized into two groups:
standalone questions and scenario-based questions. In cases
where the two authors had differing decisions in categorization,
a third author (Ekrem Taha Sert) reviewed the question, and
a final decision was reached. Of the total questions, 30 (50%)
were classified as standalone, while the remaining 30 (50%)
were categorized as scenario-based.

Each question was presented to ChatGPT-4 one time on five
separate days between December 25 and 31, 2024 by one of the
authors (Muhammed Ali Topuz), using the same computer. For
each question, five responses were generated. This methodology
aligns with previous research where each question is presented
three times to assess consistency and stability in responses
generated by LLMs (10,14). All data, including the official answer
key provided by OSYM, along with ChatGPT-4’s responses, were
systematically recorded in a Microsoft Excel 2023 document
(Version 16.73, Microsoft Corporation, Redmond, WA).
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Since this study did not involve human or animal subjects, ethical
committee approval was not required.

Statistical Analysis

Statistical analysis was conducted using SPSS software (Version
26.0, SPSS Inc., Chicago, IL, USA). A p<0.05 was considered
statistically significant. Categorical variables were presented
as absolute numbers and percentages. Comparisons between
categorical variables were performed using the chi-square test or
Fisher’s exact test as appropriate. Agreement between ChatGPT-
40’s responses was evaluated using Cohen’s kappa and Fleiss’s
kappa coefficients.

Results

ChatGPT correctly answered 255 out of 300 YDUS questions,
achieving an overall accuracy rate of 85%. When presented
with YDUS questions for the first time, ChatGPT demonstrated
an accuracy rate of 85% (51/60). The accuracy rates for
subsequent trials were 86.7% (52/60), 86.7% (52/60), 85%

100%
90%
80% 85% 86.7% 86.7% 85%

81.7%
70%

ChatGPT Exam 1 ChatGPT Exam 2 ChatGPT Exam 3 ChatGPT Exam 4 ChatGPT Exam 5

Figure 1. ChatGPTs Performances in Emergency Situation Medical
YDUS exam

ED-YDUS: Emergency Medicine in Sub-Specialization Exams for
Medical specializations
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Figure 2. Accuracy of ChatGPT in ED-YDUS. ChatGPT 5 answers
created for each question independently and scenario based

ED-YDUS: Emergency Medicine in Sub-Specialization Exams for
Medical specializations
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(51/60), and 81.7% (49/60), with no statistically significant
difference in accuracy across trials (p=0.94) (Figure 1).
ChatGPT demonstrated significantly better performance on
standalone questions compared to scenario-based questions,
with accuracy rates of 91.3% (137/150) and 78.7% (118/150),
respectively (p=0.002, Pearson’s chi-square test) (Figure 2).
Additionally, ChatGPT consistently provided correct answers
to both questions involving X-ray or computed tomography
images and requiring radiological image analysis across all
five trials (Figure 3).

Type of Question
ChatGPT Answer

Single question Scenario

W Wrong
B Correct

Number of Questions

Exam1 Exam2 Exam3 Exam4 Exam5

Exam1 Exam2 Exam3 Examd4 Exam5

Response_Number

Figure 3. Five different exam ChatGPTs performances independent
and scenario-based ED-YDUS questions
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Figure 4. ChatGPT answer correctness by response number and
question type
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Figure 5. ChatGPT answer correctness by correct times and
question type

Almost perfect agreement was found between the five answers
(answers 1,2,3,4, and 5) given by ChatGPT for each question,
when the answers correctly marked (or selected) by ChatGPT for
each question (choice A,B,C,D, or E) were analyzed [Fleiss’ kappa
=0.83, 95% confidence interval (Cl): 0.79-0.87, p<0.001] (Figure
4).

When the responses given by ChatGPT were categorised as
“correct” and “incorrect”, there was moderate agreement
between the five responses given by ChatGPT for each question
(Fleiss’ kappa =0.50, 95% Cl: 0.42-0.58, p<0.001) (Figure 5).

Of the exam questions: 12 Option A, 13 Option B, 11 Option C,
12 Option D, 12 Option E were correct answers. When the options
marked by ChatGPT were analyzed, ChatGPT selected Option A 61
times, Option B 61 times, Option C 57 times, Option D 60 times,
and Option E 61 times.

Discussion

The evaluation of medical knowledge and clinical reasoning
skills of Al systems has become an increasingly important area of
research in recent years (7,15). Our study is the first to evaluate
the performance of ChatGPT in the first ED-YDUS in Tirkiye.
ChatGPT’s overall success rate of 85% in five different exams
and its consistent performance in repeated exams show the
potential of Al systems in medical knowledge assessment. It is
particularly noteworthy that all questions requiring radiological
image analysis were answered correctly. This success parallels
the development of the ability of Al systems to interpret visual
medical data (7).

Ghanem et al. (9) reported that ChatGPT was less successful
in scenario-based questions (55.56%) than in standalone
questions (65.83%). Similarly, the study by Takagi et al. (16)
found that ChatGPT performed less well in complex scenarios
requiring clinical judgement. In our study, we also found that
the performance of ChatGPT on standalone questions (91.3%)
was statistically significantly higher than that on scenario-based
questions (78.7%) (p=0.002). This finding suggests that Al systems
are successful in assessing isolated medical knowledge, but have
room for improvement in analysing complex clinical scenarios.
This suggests that clinical decision-making processes should be
further optimised in future versions of Al systems (1).

The fact that the distribution of ChatGPT’s answers is balanced
(A: 61, B: 61, C: 57, D: 60, E: 61) and that this distribution is
similar to the distribution in the real answer key of the exam
(A: 12, B: 13, C: 11, D: 12, E: 12) shows that the system does
not respond randomly and makes a consistent evaluation. This
finding supports the idea that Al systems have an objective and
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systematic approach to the evaluation of medical information.
A similar consistency was observed by Skalidis et al. (4) in their
evaluation of the European Cardiology Board Examination,
and it was emphasised that Al showed a systematic approach,
choosing answers (2).

When analysing the performance of ChatGPT in repeated exams,
success rates of 85%, 86.7%, 86.7%, 85%, and 81.7% were obtained
from the first to the fifth exam, respectively. The study by Lee et
al. (17) on Basic Life Support and Advanced Cardiovascular Life
Support while Kokulu et al. (12) examined Paediatric Advanced
Life Support. Both studies showed that ChatGPT-4 performed
consistently in repeated assessments. This consistency suggests
that Al systems can be used as a reliable tool in the assessment
of medical information (18).

Ghanem et al. (9) reported that ChatGPT had little success with
questions containing images, and Panthier and Gatinel (19)
stated that questions containing images should be removed
from scoring in their study conducted in the Ophthalmology
Board Exam. In the study conducted by Toyama et al. (20) in the
Radiology Board Exam, it was emphasised that Al systems still have
areas requiring further development in image interpretation.
In contrast to these studies, one of the interesting findings of
our study was that ChatGPT correctly answered both questions
requiring radiological image analysis, in all five repetitions. The
success of ChatGPT in answering questions involving images
shows the development of Al systems’ skills in interpreting visual
medical data. This is a remarkable development, especially
given the importance of rapid and accurate interpretation of
radiological images in emergency medicine.

Study Limitations

Our study shows that the latest GPT-4 model makes significant
progress in addressing professional exam questions. However,
there are some limitations to our study. First, as previous research
has shown, the language in which questions are asked can have
a significant impact on results. Since there may be a difference
in meaning between the languages, when questions are asked in
Turkish or translated into English, the accuracy of the answers
may be affected. Secondly, if the sources of the questions
(Tintinalli’'s Emergency Medicine: A Comprehensive Study Guide,
9" Edition, and Rosen’s Emergency Medicine: Concepts and
Clinical Practice, 10" Edition) were not taught to GPT-4, this may
have influenced the accuracy of the answers. Third, since there
were no Emergency Medicine Sub-Specialization study questions,
they could not be uploaded to GPT-4. Finally, as analyses of the
ED-YDUS results have not been published, the performance of
GPT-40 could not be compared with actual exam results.
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Conclusion

ChatGPT exhibited remarkable success in the first ED-YDUS exam
in Turkiye with an overall success rate of 85% and an especially
high performance in standalone questions with a success rate of
91.3%. Interestingly, it showed consistent performance in all five
exams and correctly answered questions requiring radiological
image analysis. The high success rate of ChatGPT in ED-YDUS,
shows that Al systems can be used as a potential tool in medical
education and knowledge assessment. However, the system’s
relatively low performance in scenario-based questions and
clinical decision making suggests that Al cannot yet replace
human clinical reasoning, but it can only be used as a supporting
tool. Future research should focus on refining the clinical
reasoning capabilities of Al systems and optimising their role in
medical education.
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Abstract

Aim: Upper gastrointestinal bleeding (UGIB) is a common cause of emergency department presentation. Risk stratification of patients
presenting to the emergency department with UGIB is important to predict active bleeding, need for blood transfusion, and mortality. In
this study, we aimed to investigate the effect of potassium (K) and ionized calcium (iCa) on disease severity and mortality in UGIB patients.

Materials and Methods: This is a retrospective, single-center study. Patients aged 18 years and older who presented to the emergency
department with UGIB, underwent blood gas analysis within the first half hour of presentation to the emergency department, were admitted
to the hospital by the gastroenterology department, underwent endoscopy, and had complete data records were included in the study.

Results: The study included 699 patients. The in-hospital mortality rate was 7.7%. In the ROC analysis performed to determine the cut-off
value of the K/iCa ratio for predicting mortality and active bleeding, the area under the curve values were 0.892 [95% confidence interval (Cl):
0.845-0.939, p<0.001] and 0.832 (95% Cl: 0.792-0.871, p<0.001), respectively. Patients were divided into 2 groups: those with a K/iCa ratio
lower than 5.02 and those with a ratio higher than 5.02. This ratio has a high specificity value in terms of mortality prediction. Hemodynamic
instability, active bleeding, need for erythrocyte suspension, length of hospital stay, and mortality were higher in the high K/iCa ratio group
(p<0.001 for all values).

Conclusion: In patients presenting to the emergency department with suspected UGIB, assessment of the K/iCa ratio using blood gas analysis
may help to predict the risk of active bleeding and in-hospital mortality as a rapid, inexpensive, and practical assessment method. Patients

with a high K/iCa ratio may be candidates for early endoscopy and closer hemodynamic monitoring.

Keywords: Emergency department, upper gastrointestinal bleeding, in hospital mortality, K/iCa ratio

Introduction

Upper gastrointestinal bleeding (UGIB) is a common cause of
emergency department (ED) visits. More than 70% of these
bleedings are due to non-variceal etiologies, and gastroduodenal
ulcer disease is one of the most common causes (1). Although
pharmacologic and endoscopic treatments have been developed
in recent years for the management of UGIB, it is still associated
with significant morbidity and mortality. It can present with
clinical symptoms ranging from massive bleeding leading to
shock and death to occult bleeding leading to iron deficiency
anemia from chronic blood loss (1,2). Risk stratification of patients
presenting to the ED with UGIB is important to predict active

bleeding, transfusion requirements, and mortality. Although
various clinical scoring systems, biomarkers, and other risk factor
assessments have been used for risk stratification, none of them
have sufficient clinical reliability in routine clinical practice.
Therefore, the search for simple, cheap and reliable prognostic
markers continues.

We think that an important candidate for this research may
be the ratio of potassium to ionized calcium (K/iCa ratio), the
prognostic value of which has been the subject of recent studies,
especially in critically ill and hemorrhagic patients. Calcium
acts as a cofactor for many important functions, including the
coagulation cascade, cardiac and smooth muscle contraction,
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vasoconstriction, inotropy, and chronotropy; thus, calcium is
essential for hemodynamic stability. Hypocalcemia can lead to
coagulopathy in patients at high risk for bleeding. As in trauma
patients, hypocalcemia is common in UGIB patients and may
indicate the need for more blood transfusions and risk of death
(3-5). iCa, the active form of serum calcium, can be measured
directly and rapidly by blood gas analysis, which is available in
many EDs and intensive care units.

Another electrolyte disturbance that may occur in hemorrhagic
patients, including UGIB, is hyperkalemia. Hyperkalemia may be
caused by mechanisms such as K release from red blood cells
during degradation, tissue damage, decreased renal perfusion as
a result of massive blood loss, and decreased urinary K excretion.
The association of hyperkalemia with mortality in UGIB patients
has been demonstrated in some studies (6). A recent study in
traumatic hemorrhagic patients has shown that the K/iCa ratio
has better prognostic value than the use of K or iCa alone (7).

We hypothesize that early K elevations, in addition to low iCa
levels, may have a high predictive value for in-hospital mortality
and active bleeding in UGIB patients. Therefore, in this study, we
aimed to evaluate the prognostic value of K/iCa ratio on disease
severity and mortality in UGIB patients.

Materials and Methods
Study Design

This study is a diagnostic-prognostic value study based on a
retrospective cross-sectional analytical design and was conducted
in the ED of Ankara Atattirk Sanatorium Training and Research
Hospital, a 780-bed tertiary care center located in a large
provincial center. The study was approved by the Local Ethics
Committee Atatiirk Sanatorium Training and Research Hospital
(decision number: 20-KAEK15/2854, date: 27.12.2023). Our study
was designed and reported in accordance with the Standards for
Reporting of Diagnostic Accuracy Studies statement (8,9).

Data Collection

Data were collected from electronic medical records and patient
charts. The chart review (clinical and demographic characteristics
of the patients, including endoscopy results) was performed
retrospectively by two different emergency physicians with at
least 5 years of experience (9).

Study Population

We analyzed the consecutive database of all patients who
presented to the ED with UGIB and underwent endoscopy
performed by the gastroenterology department between January
2019 and January 2024. Patients aged 18 years and older, who
presented to the ED with UGIB, underwent blood gas analysis

within the first half hour of presentation to the ED, underwent
endoscopy after admission to the gastroenterology department,
and had complete data records were included in the study.
Pregnant women were excluded from the study as well as patients
who did not undergo endoscopy, those with lower Gl bleeding,
chronic renal failure, known parathyroid disease, known gastric
cancer, indications for hospitalization other than UGIB, referred
from another center, and missing data. In addition, the blood gas
K level was compared with the biochemical K level. Patients with
a biochemical hemolysis index greater than 1 were excluded.

Patients were classified in the hospital data system according to
international statistical classification of diseases, tenth revision
codes (K25, K25.4, K26, K26.4, K27, K27.4, K28, K28.4, K92.1).
Demographic information, comorbidities (chronic hypertension,
diabetes mellitus, coronary artery disease, liver disease),
medications, admission vital signs, laboratory results, endoscopy
results, blood and blood product indications, hospitalization, and
mortality were recorded. Blood gas samples were analyzed using
the Siemens RAPIDLab 1265 device within 5 minutes of collection.
A systolic blood pressure of less than 90 mmHg, a heart rate of
100 beats/min or more, and/or a history of syncope with onset
of symptoms were considered to be hemodynamically unstable.
Gastritis, gastric/duodenal ulcer, esophageal varices, gastric
cancer, Dieulafoy’s lesion, Mallory-Weiss tear, angiodysplasia,
and active bleeding were analyzed in the endoscopy results.
Treatments applied during endoscopy, such as sclerotherapy,
hemoclip, heater probe, and band ligation, were recorded. The
K/iCa ratio of the patients was obtained from the results of blood
gas analysis. Demographic and clinical data of patients were
compared in relation to the K/iCa ratio and mortality status (in-
hospital mortality).

Index and Reference Tests

The index test was determined as K/iCa ratio, and the primary
reference test was determined as in-hospital mortality status
of patients. In addition, active bleeding after endoscopy was
determined as a secondary reference test. Active bleeding was
defined as forest classification 1a, 1h, and active esophageal
varices bleeding.

Statistical Analysis

All data collected throughout the study and recorded on the
study form were analyzed using IBM SPSS 20.0 (Chicago, IL,
USA). The Kolmogorov-Smirnov test was used to determine
whether the distribution of discrete and continuous numerical
variables was normal. Descriptive statistics were presented
as median [interquartile range (IQR): 25-75] for discrete and
continuous numerical variables, and as the number of cases (%)
for categorical variables. Categorical variables were evaluated
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by the chi-squared test and continuous variables by the Mann-
Whitney U test. The ROC curve and area under curve (AUC) were
calculated to determine the predictive and threshold values of
K/iCa ratio for in-hospital mortality and active bleeding (10). The
critical alpha value was considered 5% for all statistical analyses.

Results

During the study period, 1388 patients diagnosed with UGIB
were evaluated. The study included 699 patients with complete
data (Figure 1). 68% of patients were male and the median age
was 63 years (IQR: 25-75, 47-74).

Endoscopic findings and endoscopic interventions are shown
in Table 1. The most common endoscopic finding was gastritis
(71.1%); gastric/duodenal ulcer was observed in 69.5% of patients.
The percentage of active bleeding was found to be 18.7% and
the in-hospital mortality rate was 7.7%. Among patients with
gastric/duodenal ulcers (n=486), 2.1% were classified as Forrest
1a, 18.9% as Forrest 1b, 9.9% as Forrest 2a, 29.2% as Forrest 2b,
and 23% as Forrest 2c.

The median K/iCa ratio was 3.85 (IQR: 25%-75%: 3.43-4.24) in the
survivor group and 4.85 (IQR: 25%-75%: 4.44-5.26) in the non-
survivor group, and the difference was statistically significant
(p<0.001). Other clinical and demographic characteristics of the

Table 1. The endoscopic findings, forest classification and
endoscopic interventions
Endoscopic diagnoses n (%), all patients
Gastric erosion/gastritis 497 (71.1)
Gastric/duodenal ulcer 486 (69.5)
Esophageal varices 46 (6.6)
Cancer stomach 44 (6.3)
Dieulafoy’s lesion 38 (5.4)
Mallory-Weiss tear 15(2.1)
Angiodysplasia 1(0.1)
Active bleeding 131 (18.7)
Forrest classification for gastric/duodenal

_ n (%)
ulcer, n=486
Ta 10 (2.1)
1b 92 (18.9)
2a 48(9.9)
2b 142 (29.2)
2 112 (23)
3 82 (16.9)
Endoscopic intervention n (%)
Sclerotherapy 262 (37.5)
Hemoclip 96 (13.7)
Endoscopic band ligation 42 (6)
Heater probe 7(1)
Somatostatin 33(4.7)
Subtotal gastrectomy 7(1)
Some patients presented with more than 1 endoscopic finding
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survivor and non-survivor patients are presented in Table 2. In
addition, the median K/iCa ratio was 3.80 (IQR: 25%-75%: 3.38-
4.15) in patients without active bleeding, and 4.6 was (IQR: 25%-
75%: 4.16-5) in patients with active bleeding, and the difference
was statistically significant (p<0.001) between the two groups.

In the ROC analysis performed to determine the cut-off value
of the K/iCa ratio for predicting mortality and active bleeding,
the AUC values were 0.892 [95% confidence interval (Cl): 0.845-
0.939, p<0.001] and 0.832 (95% Cl: 0.792-0.871, p<0.001),
respectively (Figure 2). The best cut-off values for the K/iCa
ratio were determined to be 4.3 for mortality and 4.1 for active
bleeding according to Youden’s index. Sensitivity, specificity, and
likelihood ratio values for the optimal cut-off value and various
K/iCa ratio levels are presented in Table 3.

Patients were divided into 2 groups as those with K/iCa ratio
lower and higher than 5.02 according to the K/iCa ratio of 5.02,
which has a high specificity value in terms of mortality prediction.
Hemodynamic instability was significantly more frequent in the
high K/iCa ratio group (88.9% vs. 19.2%, p<0.001). Similarly, active
bleeding occurred in 86.1% of patients in the high K/iCa ratio
group, compared to 15.1% in the low K/iCa ratio group (p<0.001).
RBC suspension was required in 97.2% of the high K/iCa ratio
group, whereas 59.6% of the low K/iCa ratio group required
transfusions (p<0.001). Additionally, patients with a high K/iCa

Patients presenting to AASTRH with UGIB
(n=1388)

Excluded patients (n=689)
I-Referred from another center (n=191)
-Patients with chronic renal failure (n=65)
-Patients with known stomach cancer (n=42)

-Patients without blood gas analysis in the ED (n=319)

-Patients with additional indications for hospitalization
lother than UGIB (n=61)

-Patients with pseudohemolysis (n=11)

Included patients (n=699)
Survivor (n=645)
Non-Survivor (n=54)

Figure 1. Flowchart showing number of patients of the study

UGIB: Upper gastrointestinal bleeding, AASTRH: American
Association for the Surgery of Trauma-Regional Hospital
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ratio had a significantly longer hospital stay (median: 6.5 days vs.
4 days, p=0.007). Mortality was significantly higher in the high K/
iCa ratio group, occurring in 63.9% of these patients compared
to 4.7% in the low K/iCa ratio group (p<0.001). Table 4 presents
the comparison of K/iCa ratio with other clinical characteristics.

Discussion

In our study investigating the prognostic value of K value in
patients with UGIB, the K/iCa ratio may be a helpful prognostic
test for in-hospital mortality and active bleeding in patients
with UGIB. Although the likelihood ratios of the best cut-off

value of the K/iCa ratio do not have sufficient prognostic value,
considering that K and iCa values are inexpensive parameters
routinely studied in patients with UGIB, we think that cut-off
values with higher specificity or sensitivity, can be helpful instead
of the optimal cut-off value of the K/iCa ratio for predicting in-
hospital mortality and active bleeding.

In patients presenting to the ED with UGIB, it is difficult to obtain
data on bleeding-related factors such as the location, cause, or
extent of bleeding. The extent of bleeding should be determined
based on the patient’s chief complaint, vital signs, and laboratory
test results while awaiting the patient’s referral for endoscopy.

Table 2. A comparison of patient characteristics with respect to in-hospital mortality (survivor/non-survivor)

Survivor (n=645) Non-survivor (n=54) p value
Age, median, (IQR" 25-75) 63 (45-73) 72 (67-81) <0.001
Gender, n (%)
Male 443 (68.7) 32(59.3) 0.154
Female 202 (31.3) 22 (40.7) ’
Comorbidities, n (%)
Hypertension 330(51.2) 42 (77.8) <0.001
Diabetes mellitus 123 (19.1) 20 (37) 0.002
CAD? heart failure 224 (34.7) 31(57.4) 0.001
Liver disease 26 (4) 15 (27.8) <0.001
Drugs, n (%)
Oral anticoagulants 84 (13) 10 (18.5) 0.256
Antiplatelets 46 (7.1) 2(3.7) 0.572
Acetyl salicylic acid 156 (24.2) 13 (24.1) 0.985
Hemodynamic instability, n (%) 107 (16.6) 52 (96.3) <0.001
Median, (IQR 25-75)
K3 (mmol/L) 410 (3.78-4.34 4.69 (4.18-5.20) <0.001
iCa* (mmol/L) 1.07 (1.01-1.12 0.96 (0.92-1.00) <0.001
K/iCa ratio 3.85(3.43-4.24 4.85 (4.40-5.28) <0.001
Lactate (mmol/L) 1.75 (1.21-2.39 3.94 (2.82-4.95) <0.001
Hemoglobin (g/dL) 9.7 (8.00-12.4) 7.25(5.97-8.22) <0.001
Albumin (g/L) 36 (33-39) 27 (24-29) <0.001
INRS 1.1 (1.04-1.21) 1.35(1.20-1.67) <0.001
Endoscopic diagnoses, n (%)
Gastric/duodenal ulcer 443 (68.7) 43 (79.6) 0.093
Esophageal varices 29 (4.5) 17 (31.5) <0.001
Cancer stomach 34 (5.3) 10 (18.5) 0.001
Dieulafoy’s lesion 33(5.1) 5(9.3) 0.205
Active bleeding 89 (13.8) 42 (77.8) <0.001
Need to repeat endoscopy 83(12.9) 14 (25.9) 0.008
Blood transfusion, n (%)
RBC® suspension 376 (58.3) 54 (100) <0.001
Fresh frozen plasma 58 (9) 39(72.2) <0.001
PCC’ 19 (2.9) 4(7.4) 0.094
Rockall score stratification
Low-risk 537 (83.3) 2 (3.7)
Moderate-risk 87 (13.5) 37 (68.5)
High-risk 21(33) 15 (27.8) <0.001
IQR: Interquartile range, CAD% Coronary artery disease, K3: Potassium, iCa*: lonized calcium, INR®: International normalized ratio, RBC®: Red blood cell, PCC’: Prothrombin
complex concentrate
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In EDs, especially in developing countries, blood gas analysis
is advantageous because it provides results in a much shorter
time than other laboratory tests and is inexpensive. Kand iCa are
parameters that can be obtained by blood gas analysis.

Approximately 45% of calcium, a divalent cation found both
inside and outside the cell, is biologically active and ionized,
while 55% is bound to proteins such as albumin and citrate.
Changes in serum levels of these proteins can lead to imbalances
in total body stores and serum calcium levels (4,5,11). Although
hypocalcemia in bleeding trauma patients is thought to be
related to citrate infusion with blood products, recent studies
have shown that most trauma patients have calcium loss prior
to blood transfusion due to blood loss, and this is exacerbated
by citrate from transfusion (11,12). Furthermore, hypocalcemia
on admission has been reported to be a predictor of the need
for massive and repeated transfusion (12-14). The same is true
for patients with Gl bleeding experiencing acute blood loss (1,3).

a. b.

Sensitivity
Sensitivity

1 - Specificity 1 - specificity

Figure 2. a) ROC analysis to determine K/iCa ratio threshold
between non-survivor and survivor groups b) ROC analysis to
determine the K/iCa ratio threshold between those with and
without active bleeding

K: Potassium, iCa: lonized calcium

In our study, low iCa was associated with mortality, similar to
findings reported in the literature.

Serum K levels in patients with UGIB can vary for several reasons.
Serum K levels may decrease due to hemorrhage or increase
as a result of the development of prerenal azotemia due to
volume depletion in large hemorrhage, direct tissue damage,
and K absorption due to digestion of blood from the Gl tract
(6,7,15). In a retrospective study of trauma patients requiring
massive transfusion, the relationship between the K/iCa ratio
and mortality was evaluated. The best cut-off value for the K/
iCa ratio to distinguish between living and deceased patients
was found to be 5.07, and the sensitivity and specificity of this
value were reported to be 63.2% and 77.6%, respectively. Patients
with a K/iCa ratio above the cut-off had a 4-fold increased risk
of death [hazard ratio (HR): 3.97, 95% CI: 1.89-8.32, p<0.001]
(7). Another prospective study of trauma patients requiring
massive transfusion examined the relationship between the
K/iCa ratio measured within 1 hour of hospital admission
and mortality. When survivors were compared with deceased
patients, a significantly higher mean K/iCa ratio was found
(p<0.01). Multivariate logistic regression analysis showed that
the total number of blood products was associated with higher
K/iCa (odds ratio: 1.02; 95% Cl: 1.01-1.04, p=0.01). Cox regression
analysis showed a significant association between K/iCa and
mortality (HR: 4.12, 95% Cl: 1.89-8.96, p<0.001) (16). Based on
these studies, we compared the K/iCa ratio with variables such as
mortality, transfusion requirement, and hospitalization status in
our study of patients with UGIB. In the ROC analysis, we used the
cut-off value of the K/iCa ratio between the deceased and living
patient groups as 5.02, and the sensitivity and specificity of this
value were 42% and 98%, respectively. In addition, hemodynamic
instability, active bleeding, and number of blood products

Table 3. The prognostic values for different K/iCa ratio levels to prediction of mortality and active bleeding in patients with UGIB
AUC Cut-off Sensitivity Specificity PLR? NLR? Accuracy
(95% Q1) value (95% Q1) (95% 1) (95% 1) (95% Q1) (95% 1)
5.02 42.5 97.9 211 0.59 93.7
’ (29.21t056.7) | (96.51098.9) (11.31039.1) | (0.47 to 0.74) | (91.6 t0 95.3)
For mortalit 0.892 43 87 79.3 4.22 0.16 79.9
¥ (0.845-0.939) | (75.11094.6) | (76t0 82.4) (3.5110 5.07) | (0.08 to 0.32) | (76.8 to 82.8)
388 98.1 52.5 2.06 0.04 55.7
’ (90.11099.9) | (48.3t0 56.1) (1.89t0 2.25) | (0.01 t0 0.28) | (52 to 59)
473 61.1 93.3 9.17 0.42 90
’ (46.8 to 74) (91.1to 95) (6.411013.1) | (0.3t00.59) | (88.4 t0 92.8)
For active bleedin 0.832 41 80.1 71.3 2.79 0.28 72
J (0.792-0.871) | (72.21086.6) | (67.3t0 74.9) (239103.26) | (0.2t0 0.4) (69.5t0 76.2)
364 98 36.9 1.56 0.05 41.6
’ (90 to 99) (33 t040.7) (1.46t0 1.67) | (0.01 t0 0.35) | (37.9 to 45.3)
“The best cut-off value was calculated according to the Youden index. AUC': Area under curve, PLR% Positive likelihood ratio, NLR®: Negative likelihood ratio, UGIB: Upper
gastrointestinal bleeding, CI: Confidence interval
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Table 4. Comparison of patient characteristics with respect to the K/iCa ratio

K/iCa' ratio<5.02 (n=663) K/iCa ratio>5.02 (n=36) p value
Hemodynamic instability, n (%) 127 (19.2) 32(88.9) <0.001
Active bleeding, n (%) 100 (15.1) 31(86.1) <0.001
Need to repeat endoscopy, n (%) 88 (13.3) 9(25) 0.077
Blood transfusion, n (%)
RBC? suspension 395 (59.6) 35(97.2) <0.001
Somatostatin, n (%) 24 (3.6) 9(25) <0.001
Rockall score stratification, n (%)
Low-risk 532(80.2) 7(19.4)
Moderate-risk 105 (15.8) 19 (52.8)
High-risk 26 (3.9) 10 27.8) <0.001
Median, (IQR? 25-75)
Number of RBC suspensions 2(0-3) 6 (4-8) <0.001
Length of hospital stay 4 (2-6) 6.5 (2-16.25) 0.007
Length of ICU* stay 3(3-6) 5(2-17.5) 0.140
Mortality, n (%)
Non-survivor 31(4.7) 23 (63.9) <0.001
K/iCa' ratio: Potassium/ionized calcium ratio, RBC?: Red blood cell, IQR3: Inter quartile range, ICU*: Intensive care unit

administered and hospital days were found to be higher in the
higher K/iCa ratio group (p<0.05). These studies have shown that
K levels increase and iCa levels decrease during acute blood loss.
In trauma patients, K levels increase proportionally to tissue
damage. In UGIB patients, there is a linear relationship between
the amount of bleeding and K levels. This is because bleeding
causes tissue damage, blood is hemolyzed in the Gll tract, and K
is reabsorbed. Particularly in elderly patients, acute deterioration
of renal function may occur when significant volume depletion is
added to an already low glomerular filtration rate. This may also
contribute to elevated K levels. In the setting of acute blood loss,
we found a decrease in iCa levels in our study and in previous
studies. It is known that K levels increase and calcium levels
decrease, due to citrate binding to calcium, especially when
blood products are transfused to hemodynamically unstable
patients with active bleeding. For these reasons, we suggest that
a high K/iCa ratio may be a helpful marker for the determination
of mortality risk in UGIB patients.

Study Limitations

This study was conducted retrospectively at a single health
center. Some symptoms or medical histories may not have been
accurately recorded due to missing information. The sample size
of our study is limited, and we may not have sufficient statistical
power for some subgroup analyses. The cut-off value for the K/
iCa ratio used in our study may be different in other studies.
Patients with chronic renal failure who were already expected
to have high K levels and patients with other indications for

hospitalization were not included in the study. If these patients
had been included, the mortality rate in patients with a high
K/iCa ratio may have changed. In addition, only in-hospital
mortality was analyzed. The study did not examine factors that
influence long-term mortality.

Conclusion

In patients presenting to the ED with suspected UGIB, assessment
of the K/iCa ratio using blood gas analysis may help to predict
the risk of active bleeding and in-hospital mortality as a rapid,
inexpensive and practical assessment method. Particularly, a
cut-off value of 5.02 demonstrated high specificity in predicting
mortality and should be considered in clinical practice.
Furthermore, a high K/iCa ratio has been observed to be
associated with adverse clinical outcomes such as hemodynamic
instability, active bleeding, need for erythrocyte suspension, and
prolonged hospital stay. Therefore, patients with a high K/iCa ratio
may be candidates for early endoscopy and closer hemodynamic
monitoring. However, these findings need to be confirmed by
larger prospective studies before clinical application.

Ethics

Ethics Committee Approval: The study was approved by the local
ethics committee Atatiirk Sanatorium Training and Research
Hospital (decision number: 20-KAEK15/2854, date: 27.12.2023).

Informed Consent: Retrospective study.
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Abstract

Aim: Social media triggers an increase in violent incidents in all occupational groups, especially in the health sector. The aim of our study is
to identify preventable causes of violence against healthcare workers and reveal the measures that can be taken.

Materials and Methods: Survey questions that would reveal the biopsychosocial effects of violent events were asked to healthcare
professionals, and the answers were recorded.

Results: A total of 1006 healthcare workers were included in the study. While 87.8% of the healthcare workers stated that they were exposed
to verbal violence, 17.8% indicated that they were exposed to physical violence. While 79.9% of the female healthcare workers stated that
violent news on social media increases violence in healthcare, the majority of the healthcare workers stated that the news is not reflected
objectively. Nurses experienced the highest rate of verbal violence at 90.2% and applied code white (code violet) the most frequently at a rate
of 36.6%.

Conclusion: It is noticeable that the number of cases of violence in the health sector has increased due to unconfirmed news and
misinformation on social media. Almost all healthcare workers stated that they were subjected to violence at least once in their working lives,
and that they wanted to change their field of work. To improve working conditions and prevent violence, the competent authorities should

immediately implement the necessary penal actions that are also deterrent.

Keywords: Healthcare, social media, violence, violent news

Introduction

Violence has existed since the beginning of human history
and affects individuals, societies, and all social professions in
various ways and degrees according to cultural characteristics.
According to the World Health Organization, violence it is defined
as “the threat or deliberate use of force against oneself, another
person or a group resulting in injury, death, psychological harm,
developmental delay or deprivation” (1). Violence in healthcare
is defined as “coming from the patient, patient’s relatives or any
other individual, posing a risk to the healthcare professional:
situations consisting of threatening behavior, verbal threats,
economic abuse, physical assault, and sexual assault” (2).

Exposure to violence has been increasing in recent years for all
professional groups, especially healthcare workers and physicians,

and constitutes a serious health problem. Healthcare workers are
at risk for violence all over the world. Between 8% and 38% of
employees are exposed to physical violence. In addition, verbal
violence and threat ratesare much higherthan previously reported
populations (3). It has been determined that people working
in the health sector have a 16-fold increased risk of violence
compared to those working in other sectors (4). In addition, one
study showed that 25% of all incidents of violence occur in the
health sector. It has been stated that 50% of healthcare workers
are exposed to violence in different dimensions, from physical
violence to psychosocial violence (5). Some factors that increase
violence in health institutions are 24-hour uninterrupted service,
family members’ inability to cope with stress, extended waiting
time due to high patient volume, patients not benefiting from
care services as much as they want, and insufficient healthcare
and security personnel (6,7).
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Regarding occupational groups, general practitioners are the most
frequently exposed to violence, followed by assistant doctors and
nurses. When the experience of the employees was examined, the
risk of exposure to violence was found to be high, especially in
the first 10 years of working life (8). When people who have been
subjected to violence are examined, women are found to have a
higher relative risk of being exposed to violence (9).

The frequency of violence in the workplace is not clearly known
due to the deficiencies and disruptions in the notifications,
which are limited only to self-reporters. One study in our country
determined that 67% of healthcare workers, 62% of physicians,
and 60% of emergency service workers did not report violence or
register any complaints (10). When examining violence toward
healthcare workers, the majority of people who exhibited
violence were between the ages of 21 and 30 years and the
relatives of the patients were more inclined to violence than the
patients (11).

Occasionally, biased news targeting healthcare professionals
is produced in the media (12). The blatant encouragement of
violence and the presentation of violence as a search for rights
also increase violence against healthcare workers. Presenting a
complication occurring during healthcare services as a medical
error without adequate investigation also increases the incidence
of violence (13).

In our country, as in the rest of the world, some regulations have
been made to prevent violence in healthcare. Procedures and
principles regarding legal aid to healthcare workers subjected
to violence have been established. In this context, the Code
White Call system has been implemented, which aims to enable
communication in case of a risk of violence, save time for
intervention, and ensure employee safety (14).

The aim of our study is to identify preventable causes of violence
in healthcare workers and reveal the measures that can be taken.
In addition, we investigated the level of exposure to violence
and the importance of violent news via social media on the
biopsychosocial lives of healthcare professionals working in a
tertiary university hospital.

Materials and Methods

This study was conducted under the leadership of the research
team between 01.11.2023 and 01.05.2024 at Manisa Celal Bayar
University Faculty of Medicine Hospital, Emergency Medicine
Clinic Seminar Hall. Healthcare workers in this study were asked
survey questions created by the researchers. The survey lasted
approximately 5 minutes. Answers to the questionnaire form
were recorded. Informed consent was obtained from healthcare
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workers. The confidentiality of each participant who filled out the
questionnaire was ensured. This survey was conducted according
to the Personal Data Protection Law. The survey questions,
created by the researchers and designed to take approximately 5
minutes, were administered to volunteer participants under the
guidance of the research team at Manisa Celal Bayar University.
The responses given to the survey form were recorded in the
study form.

Ethics approval was obtained from Manisa Celal Bayar University
Non-Interventional Clinical Research Ethics Committee with
(decision number: 20.478.486-2071, date: 08.11.2023).

Criteria for Inclusion in the Study:

» Healthcare workers including doctors, nurses, midwives, and
health technicians at Manisa Celal Bayar University Faculty of
Medicine Hospital

Criteria for Exclusion from the Study:

* Healthcare workers who did not give informed voluntary
consent

* Incomplete questionnaires

Statistical Analysis

All volunteer healthcare workers at Manisa Celal Bayar University
Faculty of Medicine Hospital were included in the study. All
statistical analyses were performed using SPSS for Windows,
version 11.5 (SPSS Inc.). The Shapiro-Wilk test was used to assess
the normality assumption for the variables “age” and “working
year”. In the descriptive statistics, median (minimum-maximum)
values were used for “age” and “working year” because they were
non-normally distributed. Numbers (n) and percentages (%) were
used for categorical variables.

The comparisons between survey questions and demographic
variables (gender and occupational groups) were examined using
the Pearson chi-square or Fisher’s exact test A p value less than
0.05 was considered statistically significant.

Results

A total of 1006 people participated in this study. Of those, 760
(75.5%) were female. The median age of the healthcare workers
was 28 (17-68) years. Of the healthcare workers, 413 (41.1%)
were doctors, 336 (33.4%) were nurses, 218 (21.7%) were health
technicians, and 39 (3.9%) were midwives. The median duration
of employment was 5 years (ranging from 1 to 42 years).

Regarding exposure to violence, 883 (87.8%) healthcare workers
stated that they were exposed to verbal violence, while 179
(17.8%) indicated exposure to physical violence. The rate of those



Eurasian | Emerg Med.
2025;24(3): 183-9

Demirbas et al. Healthcare Under Attack

who triggered code white (code violet) in cases of violence was
30.5% (n=307).

When we examined the effects of violence on social media of the
healthcare workers, 42.1% stated that their work motivation was
affected, and 35.2% stated that their career plans were negatively
affected.

When we asked the healthcare workers if they had ever
considered living or working abroad, 85.2% stated that they had.

While 56.7% stated they are members of a professional
organization, association, and/or health union, 79.5% of the
healthcare workers stated that professional organizations,
associations, and health unions do not have sufficient initiatives
and efforts to prevent violence.

The rates of healthcare workers stating that X-ray devices and
security guards are insufficient to prevent violence were 76.3%
and 90.7%, respectively, (Table 1).

When we compared the exposure of healthcare workers to
violence, exposure to verbal violence was more frequent among
females than males (88.9% vs. 84.1%, p=0.046).

Table 1. Healthcare workers views on violence in healthcare
(n=1006)

Survey questions n (%)

Have you ever been exposed to verbal violence at some
point in your working life?

Yes 883 (87.8)
No 123 (12.2)

Have you ever been exposed to physical violence at
some point in your working life?

Yes 179 (17.8)
No 827 (82.2)

If you have been exposed to violence before, have you
ever applied code white for violence?

Yes 307 (30.5)
No 699 (69.5)

Do the incidents of violence in health on social media
negatively affect your work motivation?

It does not affect at all 5(0.5)
Infrequently affects 36(3.6)
Sometimes it affects 176 (17.5)
It often affects 424 (42.1)
Constantly influencing 365 (36.3)
Do you think that the violent news in health on social

media plays a role in the increase in violence in health?

Has an effect 777 (77.2)
No effect 89 (8.9)

| have no idea 140 (14.0)

Table 1. Continued
Survey questions n (%)

Do you think that the violent news in health on social
media is published objectively and accurately?

Yes 84 (8.4)
No 763 (75.8)
I have no idea 159 (15.8)

Are you a member of a professional organization,
association, and/or health union?

Yes 570 (56.7)

No 436 (43.3)

Do you think professional organizations, associations,
and health unions have enough initiative and effort to
prevent violence?

Yes 52 (5.2)
No 800 (79.5)
I have no idea 154 (15.3)

Do you think that security personnel in hospitals are
effective in preventing violence in healthcare?

Yes 55 (5.5)
No 912 (90.7)
| have no idea 39(3.9)

Do you think that X-ray security devices placed at
hospital entrances are effective in preventing violence
in healthcare?

Yes 188 (18.7)
No 768 (76.3)
I have no idea 50 (5.0)

When we examined the influence of gender-based violence, the
impact on work motivation was more prominent in females
than in males (44.1% vs. 36.2%, p=0.007). When we asked about
changing their professions, the desire to change professions was
more frequent in females than males (22.5% vs. 16.3%, p=0.039).

Answers to the question “Do you think that the violent news on
social media has a role in the increase in violence incidents in
healthcare?” indicated that more females than males believe
this to be the case, with 79.9% vs. 69.1% agreeing, respectively
(p=0.002) (Table 2).

There was no statistically significant difference between
occupational groups in terms of code white’s ability to effectively
address violent incidents, although negative opinions were
dominant. A statistically significant difference was found in
terms of application of “code white” (p=0.024). Of the nurses,
36.6% declared that they applied code white.

When we examined the effect of work motivation affected by
violence among occupational groups, a statistically significant
difference was observed between the groups (p=0.001). 28.1%
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Table 2. Comparison of healthcare workers by gender (n (%)
Survey questions ma=|§46) (Fr::;n7a6l(e):) p value
Have you ever been exposed
to verbal violence at some
point in your working life?
Yes 207 (84.1) | 676 (88.9)°
0.046*
No 39 (15.99 | 84 (11.1)
Have you ever been exposed
to physical violence at some
point in your working life?
Yes 45(18.3) 134 (17.6)
0.814*
No 201(81.7) | 626 (82.4)
Do the incidents of violence
in health on social media
negatively affect your work
motivation?
It does not affect at all 3(1.1)° 2(0.2)?
Infrequently affects 12 (4.99 24 (3.2)
Sometimes it affects 57 (23.2)° 119 (15.7)> | 0.007**
It often affects 89 (36.2)° 335 (44.1)°
Constantly influencing 85 (34.6)° 280 (36.8)°
Do you think that the news
of violence in health on
social media plays a role in
the increase in violence in
health?
Has an effect 170 (69.1) | 607 (79.9)°
No effect 28 (1147 | 61(8.0° 0.002*
| have no idea 48 (19.5)* 92 (12.1)°
Have you ever considered
settling or working abroad
after the news of violence in
health on social media?
I have never considered 22 (8.9) 127(16.7)
I'have considered 29 (1.8 89 (117
infrequently
. : 0.006*
Sometimes, | consider 54 (22.0) 196 (25.8)
| often consider 62 (25.2) 168 (22.1)2
I have always considered 79 (32.1)° 180 (23.7)
*Pearson chi-square **Fisher's exact test. a,b: Different letter indices indicate
statistically significant differences between groups according to pairwise
comparisons

of the doctors stated that they were affected. A statistically
significant difference was found between occupational groups
regarding the change of profession due to the violence incidents
(p=0.001). Of the doctors, 32.9% answered this question as
“Sometimes, | think”.

A statistically significant difference was observed between
professional groups when they were asked whether they thought
of settling or working abroad after the news of violence on
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social media (p=0.001). Of the doctors, 30.0% stated that they
constantly think about this situation.

Regarding the effectiveness of X-ray security devices placed
at hospital entrances in preventing violence in healthcare,
a statistically significant difference was detected between
professional groups (p=0.028). Additionally, 33.3% of midwives
stated that X-ray security devices are effective in this regard.

When opinions on the effects of professional organizations,
associations, or unions (p=0.001) and security personnel
(p=0.002) in preventing violence were evaluated, a statistically
significant difference was found between society members
and non-members. Eighty-five point six percent of the society
members and 71.6% of the non-members stated that these
organizations did not have sufficient initiatives to prevent
violence. In addition, 93% of those with membership and
87.6% without membership stated that security personnel are
ineffective in preventing violence.

Discussion

In this study, 87.8% of the healthcare workers stated that they
were exposed to verbal violence, and 17.8% were exposed to
physical violence. In a study conducted across public hospitals
in Palestine, 59.6% of healthcare workers stated that they were
exposed to verbal violence, and 20.8% indicated that they were
exposed to physical violence. In contrast, in a study conducted on
emergency service workers in Palestine, 71.2% of the healthcare
workers stated that they were exposed to verbal violence, and
35.6% indicated that they were exposed to physical violence
(15,16). In a study conducted in China, it was observed that
92.7% of physicians were exposed to verbal violence (17). In a
multicenter study conducted in Turkiye, it was stated that 92.6%
of women and 87.5% of men were exposed to verbal violence
(18). Our study is consistent with the literature, indicating that
the most prevalent form of violence is verbal violence.

In our study, when we looked at the exposure of occupational
groups to violence, there was no statistically significant
difference in exposure to verbal violence. Nurses experienced the
highest exposure to verbal violence at 90.2%, followed by doctors,
midwives, and health technicians, respectively. Nurses (23.5%)
and health technicians (24.8%) were exposed to physical violence
more frequently than doctors and midwives. In a study conducted
in Edirne, nurses were the profession that were exposed to the
most violence throughout their professional life, with 85% (19). In
this respect, while our study is consistent with the literature, some
studies state that the physician group is exposed to more violence
than the nurse group in England and Palestine (15,20). Reasons
such as the field differences of the employees participating in the
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Table 3. Comparison of healthcare workers by occupational groups n (%)

Survey questions Doctors (n=413) | Nurses (n=336) Midwives (n=39) ;-rllezazlgg)technlaans p value
Have you ever been exposed to verbal violence at
some point in your working life?

*
Yes 364 (88.1) 303(90.2) 34(87.2) 182 (83.5) 0.132
No 49 (11.9) 33(9.9) 5(12.8) 36 (16.5)
Have you ever been exposed to physical violence
at some point in your working life?

*
Yes 43 (10.4) 79 (23.5) 3(7.7)0 54 (24.8) 0.001
No 370 (89.6)° 257 (76.5)° 36 (92.3)* 164 (75.2)0
If you have been exposed to violence before, have
you ever applied code white for violence?

*
Yes 112 27.1) 123 (36.6) b 9(23.1)ab 63 (28.9)* 0.024
No 301 (72.9) 213 (63.4) b 30 (76.9)* 155 (71.1)
Have you ever considered settling or working
abroad after the violent news in health on social
media?
| have never considered 37 (9.0 58 (17.3) 9(23.1)p 45 (20.6)°
| have considered infrequently 46 (11.1)? 40 (11.9) 8 (20.5) 24 (11.0)? 0.001*
Sometimes, | consider 102 (24.7) 92 (27.4) 6 (15.4) 50 (22.9)
| often consider 104 (25.2) 74 (22.0)° 11 (28.2)? 41 (18.8)
| have always considered 124 (30.0) 72 (21.4)P 5(12.8)*° 58 (26.6)*°
Do you think that the health violence news
on social media is published objectively and
accurately?
Yes 21 (5.1) 39 (11.6)° 5(12.8)* 19 (8.7)* 0.001*
No 337 (81.6) 248 (73.8)* 22 (56.4)° 156 (71.6)"
| have no idea 55 (13.3)2 49 (14.6)*° 12 (30.8) 43 (19.7)*
Are you a member of any professional
organization, association and/or health union?

*
Yes 160 (38.7)° 242 (72.0)¢ 33 (84.6)° 135(61.9)c 0.001
No 253 (61.3)° 94 (28.0) 6 (15.4) 83 (38.1)¢
Do you think professional organizations,
associations, and health unions have enough
initiative and effort to prevent violence?
Yes 29 (7.0)° 14 (4.2 2(5.17 7(3.27 0.003*
No 304 (73.6)° 287 (85.4)° 34 (87.2)* 175 (80.3)*
| have no idea 80 (19.4) 35(10.4)° 3 (7.7 36 (16.5)*"

*Pearson chi-square. a,b,c: Different letter indices indicate statistically significant differences between groups according to the pairwise comparisons

survey, the role of the profession in the country, and differences in
experience, may have led to different results among the studies.

Many studies have determined that female health workers are
exposed to violence more than male health workers, both in
Turkiye and abroad (21). In our study, in line with the literature,
verbal violence was significantly more frequent in female
healthcare workers than in male healthcare workers (88.9% vs.
84.1%, p=0.046).

When examining complaints about violent acts, and the
implementation of code white in our study, there was no
difference between the genders. However, it was determined
that the nurses were the group that applied the code white
with the highest rate, at 36.6% (p=0.024). It is seen that reports
on the incidence of violence are limited, regardless of sex and
occupational group. When the studies in the literature are
examined, it appears that a small number of violent incidents
in healthcare are reported (22-24). The code white data, the
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people who reported the violence were mainly physicians, and
our study, therefore, differs from the literature (25,26).

40.9% of the healthcare workers stated that they were often
negatively affected psychologically due to news about violence
in healthcare on social media; 62.3% indicated that their
professions were constantly devalued; and 78.4% stated that this
news negatively affected their work motivation. The literature
indicates that there is a link between exposure to violence in the
workplace and emotional exhaustion. There is a decrease in job
satisfaction and motivation among employees who are exposed
to violence and symptoms of posttraumatic stress disorder may
occur (27-29).

In previous survey studies conducted in the USA, patients, their
relatives, and healthcare professionals stated that they felt safe
due to the X-ray devices placed at the hospital entrances (30).
Again, among the measures that can be taken to solve violent
incidents are 24-hour security, security doors, security cameras,
and panic alarms (31). In a study conducted in izmir, 91.6% of
health workers stated that security guards were inadequate in
preventing violence (32). In our study, 76.3% of the healthcare
workers thought that X-ray devices and 90.7% thought that
security guards were ineffective and insufficient in preventing
violence. Regardless of the occupational group, most of the
employees stated that security guards were ineffective in
preventingviolence. The ineffectiveness of X-ray devices, contrary
to what is stated in the literature, can be attributed to several
factors. These include the absence of devices at every entrance,
underutilization of available devices, and limited availability of
devices in hospitals.

In our study, 56.7% of healthcare workers are members of a
professional organization; however, only 21.5% of them believe
that these organizations make sufficient efforts to prevent
violence.

Violence in health is a problem that our country and the whole
world face, and it is growing daily. The measures taken to ensure
that healthcare workers work in a peaceful and safe environment
are insufficient. In many hospitals, security personnel are
insufficient, and the interventions have been delayed due to the
limitations on authority.

Study Limitations

Since this study was conducted in a single center, the data do
not cover the entire region. Our hospital is a tertiary university
hospital, so the severity of the patients may affect the incidences
of violence. For this reason, more comprehensive and multicenter
studies are needed.
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Conclusion

People’s use of social media is increasing every day. For this reason,
access to information is very rapid. Often, the news is not checked
to see whether it is true or not. With fake news and misinformation,
people may turn against healthcare workers through social media.
Therefore, this increases the incidence of violence.

Consideringall of this, itisnecessary toimplement legal deterrents
to reduce violence in healthcare. In this way, healthcare workers
who experience incident should be encouraged to report via
code white. Professional organizations should work more on this
issue, and support their members. Black propaganda against
health workers and news of violence on social media should be
identified, and necessary punitive and deterrent actions should
be taken.
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Abstract

Aim: This study aimed to evaluate the diagnostic and prognostic significance of serum beta-trace protein (BTP) levels in patients diagnosed

with sepsis in the emergency department.

Materials and Methods: This prospective, single-center, observational clinical study was conducted in the emergency department and
intensive care unit of a tertiary hospital. A total of 104 sepsis patients and 48 healthy adult volunteers who presented to the emergency
department between April 2015 and October 2015 were included. Blood samples were collected on days 1 and 3, and BTP levels were
measured using the ELISA method. Statistical analyses were performed using SPSS 22.0.

Results: BTP levels were significantly higher in sepsis patients compared to the control group (p=0.013). However, no significant difference
was observed between day 1 and day 3 BTP levels (p=0.119). When categorized by sepsis severity, BTP levels did not correlate with disease
severity (p>0.05). Additionally, no significant association was found between BTP levels and mortality (p=0.651).

Conclusion: BTP may serve as a potential biomarker for sepsis diagnosis, but it is not a reliable indicator of disease severity or prognosis.

Further large-scale studies are needed.

Keywords: Sepsis, beta-trace protein, biomarker, prognosis, emergency department

Introduction

Sepsis is a complex condition characterized by increasing
incidence, high mortality, and challenging treatment (1). Despite
advances in treatment strategies and a better understanding of
the molecular pathophysiology of sepsis, the growing prevalence
of multidrug-resistant microorganisms, the high frequency
of infections in intensive care units (ICUs), and the increasing
number of immunosuppressed patients due to transplantation,
chemotherapy, and radiotherapy have contributed to the rising
incidence of sepsis (2).

To improve the prognosis of critically ill patients admitted to
ICUs, early recognition and intervention are essential. Various
advanced diagnostic methods are routinely used to facilitate

early diagnosis, prevent septic shock or multiple organ failure,
and enable prompt treatment, thereby increasing patient survival
(3,4). The most crucial factors determining the prognosis of
sepsis patients are early diagnosis and rapid treatment. Current
diagnostic markers include clinical findings such as leukopenia
or leukocytosis, as well as elevated C-reactive protein (CRP) and
sedimentation rate. However, none of these biomarkers is specific
to sepsis. Thus, there is an urgent need for novel biomarkers that
can aid in the early diagnosis and treatment monitoring of sepsis,
and ongoing research is focused on identifying such markers (3).

Beta-trace protein (BTP)wasfirstidentified in human cerebrospinal
fluid in 1961 using immunoelectrophoresis. In 1985, a novel
glycoprotein, lipocalin-type prostaglandin D2 synthase (L-PGDS),
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was isolated from mouse brains. Subsequent studies confirmed
that BTP and L-PGDS are identical molecules (5). BTP plays a
role in the induction of, inhibition of bronchoconstriction, and
platelet aggregation. Hematopoietic prostaglandin D synthase
(H-PGDS) is found in mast cells, helper T-cells, Kupffer cells,
dendritic cells, and microglia and is known to be more active
in allergic and inflammatory responses. As a mediator of
allergic and inflammatory processes, BTP also exhibits a high
affinity for various lipophilic compounds such as retinoic acid,
bilirubin, biliverdin, thyroid hormones, amyloid B peptides,
and gangliosides, functioning as an extracellular transporter.
Additionally, by binding endogenous amyloid B, it prevents in
vivo amyloid accumulation. BTP functions as a dual-purpose
protein due to its role as an enzyme, producing prostaglandin D2
(PGD2) and as a lipophilic ligand-binding protein. It catalyzes the
conversion of prostaglandin H2, an arachidonic acid derivative,
to PGD2. Despite its multiple proposed functions, the exact
physiological role of BTP remains unclear (6-8).

Recent studies have demonstrated that BTP serves as a PGD2
receptor for T-helper 2 cells, inducing the chemotaxis of
eosinophils, basophils, and macrophages in response to PGD2
stimulation. In addition to its chemotactic effects, PGD2 has been
shown to modulate the immune response by interacting with the
prostaglandin D (PGD) receptor in inflammatory cells (9). These
findings suggest that BTP may play a role in the pathophysiology
of sepsis and could serve as a prognostic biomarker.

Materials and Methods

This prospective, single-center study was conducted in the
emergency department and ICU a tertiary care hospital. Patients
who presented to the emergency department between April
2015 and October 2015 were 18 years or older, not pregnant or
breastfeeding, and provided informed consent were included
in the study. A total of 104 patients diagnosed with sepsis and
48 healthy adult volunteers without any known diseases were
enrolled. Blood samples were collected from the patients on day
1 and day 3. The study was designed as a controlled, open-label,
observational, prospective clinical study. Ethical approval was
obtained from the Necmettin Erbakan University Meram Faculty
of Medicine Ethic Committe on (decision number: 2015/170,
date: 18.09.2015), and the study was conducted in accordance
with the principles of the Declaration of Helsinki. Informed
consent was obtained from all participants before their inclusion
in the study.

The human BTP levels were measured using an ELISA based on
biotin and double-antibody sandwich technology. The assay was
designed for research purposes and utilized 96-well plates pre-
coated with BTP antibodies. BTP levels were measured using YH-
BIOSEARCH Human BTP ELISA kits (catalog number: YHB3523Hu,

China). During the analysis, a BioTek ELX50 microplate washer
(USA) was used for washing steps, and absorbance readings
were obtained using a BioTek ELx800 microplate reader (USA).
All parameters were measured at a wavelength of 450 nm, and
absorbance values were analyzed using a calibration curve to
determine the BTP concentrations in the samples.

Statistical Analysis

All data were transferred to SPSS 22.0 (IBM, USA) statistical
software for analysis. The normality of data distribution was
assessed using the Shapiro-Wilk test and the Kolmogorov-
Smirnov test. Numerical variables were presented as mean +
standard deviation for normally distributed data, and as median
(interquartile range) for non-normally distributed data, while
categorical variables were expressed as percentages. Comparisons
between groups were performed using the independent samples
t-test for normally distributed data and the Mann-Whitney
U test for non-normally distributed data. Changes within the
same group over time were evaluated using the paired t-test
for normally distributed data and the Wilcoxon signed-rank test
for non-normally distributed data. Comparisons among three
or more groups were performed using the Kruskal-Wallis test
for non-normally distributed data. Categorical variables were
analyzed using the chi-square (x? test or Fisher's exact test,
depending on the sample size and distribution. A p value of
<0.05 was considered statistically significant.

Results

In our study, a statistically significant difference was observed
in the mean age between the patient and control groups
(p<0.001), whereas no significant difference was found in gender
distribution (p=0.084). When comparing blood BTP levels,
patients in the sepsis group had significantly higher BTP levels
than those in the control group (p=0.013) (Table 1).

Among sepsis patients, a comparison of laboratory parameters
between day 1 and day 3 showed statistically significant changes
in white blood cell count, neutrophil count, hemoglobin,
platelet count, creatinine, sodium, potassium, calcium, CRP, and
procalcitonin (PCT) levels. However, no significant difference
was observed in BTP levels between day 1 and day 3 (p=0.119)
(Table 2).

When sepsis patients were categorized into groups: sepsis, severe
sepsis, and septic shock, no statistically significant association
was found between BTP levels and sepsis severity on day 1 and
day 3 (p=0.520, p=0.217) (Table 3).

Analysis of patients’ medical history revealed a borderline
significant relationship between stroke and BTP levels (p=0.052),
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whereas no significant association was found between BTP
levels and coronary artery disease (CAD), hypertension, chronic
obstructive pulmonary disease, diabetes mellitus, chronic kidney
disease (CKD), or cancer (Table 4).

Regarding patient outcomes, 48.1% (n=50) of sepsis patients died
in the hospital, while 51.9% (n=54) were discharged. However, no
statistically significant relationship was observed between BTP
levels and mortality (p=0.651).

Table 1. Comparison of patient and control groups

. Sepsis group Control group "
Variables (n=104) (n=48) p value
Age, mean £ SD 70.6+£15.47 53.6719.84 <0.001
Gender, n (%)

Male 59 (56.7%) 20 (41.7%) 0.084
Female 45 (43.3%) 28 (58.3%)
BTP, pg/mL, median (IQR) 72.6 (45.05) 66.07 (23.92) 0.013

“Statistically significant p values are highlighted in bold. BTP: Beta-trace protein, IQR: Interquartile range, SD: Standard deviation

Table 2. Comparison of day 1 and day 3 laboratory parameters in sepsis patients

Variable Day 1 Day 3 p value”
Apache Il score, mean + SD 18.6+7.249 18.96+8.235 0.378
GCS, median (IQR) 13 (5) 14 (4) 0.605
WBC, 10°/uL, median (IQR) 13.95 (12.11) 11.64 (8.38) 0.020
Neutrophil, 10*/uL, median (IQR) 11.45 (9.79) 9.69 (8.3) 0.009
Lymphocyte, 10°/uL, median (IQR) 0.84 (0.91) 1.12(0.81) 0.053
Hemoglobin, g/dL, mean £ SD 12.34£2.31 11.27£1.9 <0.001
Platelet, 10°/uL, median (IQR) 212 (169) 183 (173) 0.006
Creatinine, mg/dL, median (IQR) 1.81(2.08) 1.13(1.42) <0.001
pH, mean £ SD 7.39£0.11 7.39£0.09 0.890
pCO,, mmHg, mean + SD 34.96+10.19 36.36+9.19 0.151
HCO,, mmol/L, mean + SD 20.32£4.19 20.7614.64 0.919
Lactate, mmol/L, median (IQR) 1.1 (1.05) 1.1(1.07) 0.676
Sodium, mEg/L, mean + SD 135.841+9.08 137.881+6.49 0.011
Potassium, mEq/L, mean % SD 4.48+1.02 4.02+0.89 <0.001
Calcium, mEqg/L, mean + SD 8.01+0.86 7.5910.83 <0.001
Albumin, g/dL, mean + SD 2.6710.6 2.4810.41 0.057
Sedimentation rate, mm/h, median (IQR) 54 (49) 62 (51) 0.431
CRP, mg/L, median (IQR) 139 (90) 116 (105.6) 0.001
Procalcitonin, mg/dL, median (IQR) 6.75(29.77) 4.79 (16.64) <0.001
BTP, pg/mL, median (IQR) 72.6 (45.05) 69.1(39.34) 0.119
Mechanical ventilation, n (%) 30 (%28.8) 21 (%25.3) 0.625
Vasopressor use, n (%) 53 (%51) 32 (%38.6) 0.118

“Statistically significant p values are highlighted in bold. APACHE: Acute physiology and chronic health evaluation, GCS: Glasgow coma scale, WBC: White blood cell, CRP:
C-reactive protein, BTP: Beta-trace protein, IQR: Interquartile range, SD: Standard deviation

Table 3. Comparison of BTP levels on day 1 by sepsis severity

Sepsis severity N (%) BTP, pg/mL, median (IQR) p value
Sepsis 53 (%51) 78.96 (36.27)

Severe sepsis 27 (%26) 59.26 (51.31) 0.520
Septic shock 24 (%23) 56.92 (89.62)

“p values were calculated using the Kruskal-Wallis test. BTP: Beta-trace protein, IQR: Interquartile range
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Table 4. Comparison of BTP levels based on patient history

Diagnosis n (%) BTP, pg/mL, median (IQR)" p value
CAD 20 (19.2%) / 84 (80.8%) 83.61(66.83) / 68.87 (42.27) 0.466
Hypertension 44 (42.3%) / 60 (57.7%) 73.93(99.85) / 67.32 (42.74) 0.177
Stroke 25 (24%) / 79 (76%) 81.52 (66.11) / 67.24 (40.22) 0.052
COPD 32(30.8%) / 72 (69.2%) 71.63 (43.35) / 70.35 (50.76) 0.776
DM 29 (27.9%) [ 75 (72.1%) 61.39 (52.56) / 70.81 (50.10) 0.821
CKD 30 (28.8%) / 74 (71.2%) 59.26 (45.22) / 74.50 (51.18) 0.249
Cancer 9(8.7%) / 95 (91.3%) 67.86 (30.00) / 73.06 (53.21) 0.447
“Patients with/without the disease, BTP: Beta-trace protein, CAD: Coronary artery disease, COPD: Chronic obstructive pulmonary disease, DM: Diabetes mellitus, CKD Chronic
kidney disease, IQR: Interquartile range

Discussion

Sepsis is a critical syndrome with high mortality rates that
arises from a dysregulated host response to infection (10). Early
intervention in the diagnosis of sepsis is of vital importance;
however, the sensitivity and specificity of existing biomarkers
are still insufficient (11). In our study, BTP was found to be
significantly elevated in septic patients, suggesting that this
biomarker may play a role in the diagnosis of sepsis.

The pathophysiological mechanisms of sepsis remain complex
and arenot fully understood. Traditionally, sepsis has been
defined as a systemic inflammatory response to infection, yet
in some cases, the source of infection cannot be identified (12).
PGD, prostaglandin D synthase (PGDS), cyclooxygenase-1 and
cyclooxygenase-2 play crucial roles in eicosanoid metabolism
during infection. Since BTP, also known as L-PGDS, is linked to
infection responses, it is hypothesized that it may play a role in
the immune and inflammatory pathways of sepsis. Moreover,
previous studies have demonstrated its involvement in
thrombotic events, neurodegenerative diseases, kidney function,
and inflammatory processes (5-8,13).

The current literature indicates that BTP plays a significant role
in inflammatory processes and has important effects on vascular
endothelium (14). Studies have reported that BTP actively
participatesin inflammatory processes, exhibiting pro-angiogenic
and anti-inflammatory effects. BTP is produced by endothelial
cells and contributes to the modulation of inflammatory
responses. Similarly, the activation of PGD2 receptors has been
shown to trigger strong inflammatory reactions in macrophages
(5,15). Our findings support this, as BTP levels were significantly
higher in sepsis patients compared to healthy controls. This
suggests that BTP may contribute to inflammatory responses and
could be useful as a diagnostic biomarker for sepsis.

The role of biomarkers in the diagnosis of sepsis has been
investigated for a long time. In the existing literature, biomarkers

such as PCT and CRP have been frequently studied for sepsis
diagnosis and prognosis. PCT has been reported to have better
diagnostic value in the early diagnosis of sepsis compared to CRP.
However, it has been shown that these biomarkers alone do not
possess sufficient sensitivity and specificity (11,16).

The molecular and genetic differences among septic patients
highlight the necessity of developing biomarker-based
diagnostic systems. In recent years, it has been suggested that
classifying septic patients into more specific subgroups through
phenotyping and endotyping could improve treatment outcomes
(17). In our study, the significantly elevated BTP levels in septic
patients suggest that novel biomarkers, supported by molecular
and genetic research, could contribute to the diagnostic process.

Moreover, considering the critical role of endothelial cells
in the pathophysiology of sepsis, the role of BTP in vascular
inflammation should be further investigated. Microvascular
dysfunction and coagulation activation in sepsis are among
the key factors that exacerbate disease severity (18). A study
conducted by Bruegel et al. (19) demonstrated that arachidonic
acid metabolism undergoes significant changes in sepsis and
that these alterations may be associated with disease severity
and clinical prognosis. Similarly, in the study by Kinoshita et
al. (20), L-PGDS levels were found to be related to endothelial
damage and identified as a potential diagnostic biomarker in
preeclampsia. Given that similar mechanisms may be involved in
septic patients, the contribution of BTP to vascular inflammation
processes should be investigated in greater detail.

However, White et al. (6) demonstrated that BTP levels fluctuate
during acute inflammatory conditions such as sepsis, limiting
their usefulness in disease monitoring. Similarly, in our study,
no significant difference was observed in BTP levels between
day 1 and day 3, and BTP was not associated with mortality.
This suggests that BTP may not be a reliable marker for disease
progression or prognosis in sepsis.
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Ahmad et al. (13) found that eicosanoid metabolites increase with
sepsis severity but exhibit variability in prolonged inflammatory
processes. In line with this, our study demonstrated that BTP
levels were not correlated with disease severity, further suggesting
that while BTP may assist in the diagnosis of sepsis, it may not be
a reliable indicator.

Regarding kidney function, studies have shown that BTP is not
cleared by hemodialysis and may serve as a biomarker for kidney
injury in CKD patients (21,22). In addition, increased H-PGDS
expression has been observed in skeletal, and cardiac muscle
cells, although no significant association between BTP levels
and CAD has been identified (7,23). Furthermore, BTP has been
linked to neurodegenerative processes and has been suggested
to have a protective role against cerebral ischemia (24). In our
study, no significant relationship was found between BTP levels
and CKD or CAD, whereas a borderline significant association was
observed between BTP and stroke.

Study Limitations

Our study has several limitations. The sample size is relatively
small, and the study was conducted at a single center. Larger,
multicenter studies are needed to validate these findings. Since
our control group consisted entirely of healthy individuals, it was
not possible to compare the results with critically ill non-septic
patients. To better understand the specificity of sepsis-related
biomarkers, future studies should include non-septic critically
ill patients. The case-control ratio in our study is unbalanced
due to difficulties in recruiting healthy volunteers. Larger-scale
studies are required to achieve more robust statistical analyses
and generalizable results. The average age of individuals in
the control group is lower than that of septic patients. There is
no clear consensus in the literature regarding how BTP levels
change with age. However, to better understand the impact of
age on the results, future studies should include age-matched
control groups. The data in our study were collected in 2015, and
the effects of updated sepsis management protocols and new
treatment approaches on BTP levels have not been evaluated.
Therefore, further studies are needed to determine the diagnostic
and prognostic value of BTP in current clinical practice.

Conclusion

Our study demonstrated that BTP levels are elevated in sepsis
patients compared to healthy controls, suggesting their potential
as a diagnostic biomarker. However, BTP was not associated
with disease severity or mortality, limiting its use as a prognostic
marker. Further large-scale, multicenter studies are required to
better understand the diagnostic and clinical utility of BTP in
sepsis.
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Abstract

Aim: Hip fractures are a prevalent and severe health issue, especially in the elderly population. The incidence of hip fractures is expected
to increase globally, posing a significant public health challenge. Surgical intervention is traditionally the standard treatment, though the
effectiveness of surgical versus non-surgical management in reducing mortality remains unclear. This study aimed to evaluate the effects of
surgical and non-surgical approaches on one-month and one-year mortality rates in patients with hip fractures.

Materials and Methods: A prospective, single-center study was conducted at Manisa Celal Bayar University Faculty of Medicine Hospital,
including 113 patients diagnosed with hip fractures. Patients were classified based on whether they received surgical intervention or not.

Results: The mean age of patients was 67.914+19.95 years, with 63 (55.8%) women. Among the patients, 94 (83.2%) underwent surgery, and 19
(16.8%) did not. The one-month and the one-year mortality rates were 13.3%, and 22.1%, respectively. For surgical patients, one-month and
one-year mortality rates were 8.5% and 16%, respectively. In contrast, non-surgical patients had higher mortality rates, with 36.8% one-month
and 52.6% one-year mortality. The difference in mortality between surgical and non-surgical patients was statistically significant (p<0.001
for both).

Conclusion: Surgical treatment for hip fractures significantly reduces both one-month and one-year mortality compared to non-surgical
management. While surgery is beneficial, the decision should be individualized, considering patient comorbidities and overall health.
For frail, high-risk patients, non-surgical approaches may be more appropriate. This study emphasizes the importance of timely surgical

intervention to improve survival outcomes in hip fracture patients.
Keywords: Hip fractures, surgical approach, non-surgical approach

Introduction

Hip fractures are a significant global health problem that especially
affects older adults in their eighties (1). As life expectancy increases
world-wide, the incidence of hip fractures is expected to increase
in the coming years. The likelihood of suffering a hip fracture
increases with age; over the age of 50, the incidence doubles
with each passing decade. The increase in the incidence of the
disease, along with the aging of the population, has reached
widespread, even epidemic proportions, creating a major public
health problem. This situation has been called a “massive public
health crisis”, consuming a large portion of healthcare resources
along with a huge burden of suffering for patients and their family

members. It is estimated that the incidence of hip fractures world-
wide will increase to 6.3 million per year by 2050 (2). Hip fractures
have a higher mortality rate in older adults, with a 30-day
cumulative mortality rate of 14%. This rate can reach 30% in the
first year postoperatively (3,4). Additionally, serious postoperative
complications occur in approximately 20% of patients (5,6). Hip
fractures have historically been treated with surgery. However,
mortality and morbidity outcomes after surgery are poor, especially
in elderly patients with certain risk factors (7,8). These risk factors
include older age, American Society of Anesthesiologists score
greater than 3 or 4, low mobility, and cognitive impairment. In the
context of palliative care, non-surgical treatments are increasingly
being offered as an alternative to the operative approach in these
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frail geriatric hip fracture patients with very limited life expectancy
(9). The incidence of hip fracture is approximately three times
higher in women than in men (10). A number of other risk factors,
such as a history of previous hip fracture, poor diet, white race,
alcohol and caffeine consumption, physical inactivity, tall stature,
and visual impairment, play a role in the distribution of specific
risk ratios in different subpopulations. A typical fracture occurs in
an elderly patient with weakened and osteoporotic bones (90% of
hip fractures occur in patients over 65 years of age), following a
simple and relatively minor fall (e.g., falling from a bed or chair
or from a standing position) (10,11). The management of such
fractures depends on the characteristics of the fracture (location,
displacement, comminution, and bone quality) and the patient’s
age and condition (12). However, there is general agreement that
hip fractures should be treated surgically, either with internal
fixation or endoprosthetic replacement. However, especially
in bedridden and nursing patients, no surgical intervention is
justified. An increased risk of death after hip fracture surgery has
been previously recognized (13-15). A recent large study found
that the acute inpatient mortality rate was approximately 3.1%
(16). Estimates of mortality in elderly patients 1 year after hip
fracture vary between 14% and 36% in different studies (17).
Hip fracture mortality has been found to be higher in men than
in women (10). Other risk factors for death after hip fracture
include severe systemic disease, psychiatric illness, postoperative
complications, and residence in a nursing home (18). The aim of
this study was to evaluate the effects of surgical repair and non-
surgical approaches on one-month and one-year mortality in hip
fracture cases.

Materials and Methods

Study Design and Population

This prospective, single-center study was carried out at the
Manisa Celal Bayar University Faculty of Medicine Hospital, a
tertiary care academic medical center. The research received
ethical approval from the Health Sciences Ethics Committee
at Manisa Celal Bayar University Faculty of Medicine (desicion
number: 20478486/1969, date: 31.08.2023). Informed written
consent was obtained from the patients or their immediate family
members who volunteered to participate in the study. Patients
diagnosed with hip fractures who agreed to participate in the
study were included. Unstable patients and those under the age
of 18 were excluded from the study. The patients’ demographic
characteristics, mechanisms and timing of the injury, associated
injuries, and fracture types were recorded in the study form. The
Injury Severity score (ISS), and the 1-month and 1-year mortality
rates were compared between patients based on whether they
underwent surgery or not.

Statistical Analysis

Data analyses were conducted using the Statistical Package for
the Social Sciences Software (version 26.0). Descriptive statistics,
including frequency, percentage, mean, standard deviation
(SD), median, minimum, and maximum values, were used to
summarize the data. The normality of the data was assessed
using the Kolmogorov-Smirnov test. In univariate analysis,
continuous variables with a normal distribution were presented
as mean * SD and compared using the t-test. Categorical
variables were analyzed using the Pearson chi-square test,
while Fisher’s exact test was applied when the frequency of
categories was less than five. A p value of <0.05 was considered
statistically significant.

Results

A total of 113 patients were included in the study, with a
mean age of 67.91+£19.95, and 63 (55.8%) were women. Upon
examining the comorbidities of the patients, hypertension
was the most common (58.4%), followed by diabetes mellitus
(29.2%). The majority of patients presented to our emergency
department due to falls from the ground level (77.9%) and
between the hours of 23:00-07:00, (54%). Trochanteric fractures
were identified in 62 (54.9%) patients, while femoral neck
fractures were identified in 51 (45.1%) patients. A total of 94
(83.2%) patients underwent surgery. The one-month mortality
rate was 13.3%, while the one-year mortality rate was 22.1%
(Table 1). In the majority of patients (n=94) an isolated
hip fracture was detected, while 19 patients (16.8%) had
associated injuries. When the associated trauma regions were
examined, the most common injury was to the thorax (n=11),
followed by head and neck injuries (Table 2). The mean age
of 94 (83.2%) patients who underwent surgery and 19 (16.8%)
patients who did not undergo surgery was 65.82+20.90 and
78.26%9.25, respectively (p<0.001), while the mean ISS score
was 10.40+4.24 and 12.3246.16, respectively (p=0.210). When
evaluating the one-month and one-year mortalities of patients
who underwent surgery and those who did not, the one-month
mortality for patients who underwent surgery was 8.5%, and
the one-year mortality was 16%, while the one-month mortality
for patients who did not undergo surgery was 36.8%, and the
one-year mortality was 52.6%. In patients who underwent
surgery, both the one-month and one-year mortality rates were
significantly lower (p<0.001, p<0.001, respectively) (Table 3).
When evaluating the one-year mortality rates according to the
type of fracture, mortality was observed in 17 out of 62 patients
(27.4%) with trochanteric fractures, and in 8 out of 51 patients
(15.7%) with femoral neck fractures (p=0.135).
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Table 1. Demographic and clinical data of the patients
Mean £ SD
Age 67.91£19.95
ISS score 10.72+4.64
n (%)
Female 63 (55.8%)
Gender Male 50 (44.2%)
Hypertension 66 (58.4%)
Diabetes mellitus 33 (29.2%)
Comorbidities Ischemic heart disease 16 (14.2%)
Stroke 9 (8%)
Dementia 9 (8%)
Parkinson’s disease 6 (5.3%)
Fall from ground level 88 (77.9%)
Mechanism of iniur Fall from a height 10 (8.8%)
jury In-vehicle traffic accident | 8 (7.1%)
Motorcycle accident 7 (6.2%)
23:00-07:00 61 (54%)
Time of injury 07:00-15:00 23 (20.3%)
15:00-23:00 29 (25.7%)
Tvpe of fracture Trochanteric fracture 62 (54.9%)
yp Femur neck fracture 51 (45.1%)
Surger Yes 94 (83.2%)
gery No 19 (16.8%)
) . Yes 15 (13.3%)
One-month mortality No 98 (86.7%)
. Yes 25 (22.1%)
One-year mortality No 88 (77.9%)
ISS: The injury severity score, SD: Standard deviation

Table 2. Associated injuries

Trauma region n (%)
Head and neck 9 (8%)
Thorax 11 (9.7%)
Abdomen 5 (4.4%)
Pelvic 5 (4.4%)
Vertebra 4 (3.5%)
Upper extremity 5 (4.4%)
Lower extremity 4 (3.5%)

Discussion

Hip fractures, particularly in the aging population, represent a
significant challenge for healthcare systems globally. As the global
life expectancy continues to rise, the incidence of hip fractures
is expected to increase, further complicating the management
of these patients. Traditionally, surgical intervention has been
considered the standard treatment for hip fractures. However,
there is growing recognition that treatment decisions should be
individualized based on patient factors, particularly in regard to
their risk of mortality (19). The primary aim of this study was to
assess the impact of surgical versus non-surgical treatment on
both short-term (one-month) and long-term (one-year) mortality
outcomes in patients with hip fractures. The findings suggest that
surgical treatment is associated with a substantial reduction in
mortality at both one month and one year. Specifically, the one-
month mortality rate for patients who underwent surgery was
8.5%, in contrast to 36.8% for non-surgical patients. Similarly, the
one-year mortality rate was 16% for surgical patients compared
to 52.6% for non-surgical patients. These results are in line with
previous studies, which have shown a significant reduction in
mortality following surgical intervention, particularly among
patients who are not terminally ill or excessively frail to undergo
surgery (20-22). However, it is essential to recognize that not all
patients with hip fractures are candidates for surgery. Decisions
regarding surgical intervention should be made on a case-
by-case basis, taking into account the patient’s overall health
status, comorbid conditions, and life expectancy. Literature
suggests that frail patients with severe comorbidities, such as
advanced dementia or significant cardiovascular disease, are
at a heightened risk of complications post-surgery, which may
contribute to poorer outcomes (23,24). In these cases, non-
surgical management focused on pain relief and comfort, as
well as palliative care, may be more appropriate to optimize
quality of life. The mortality rates observed in our study align
closely with those seen in other researches, underscoring the
significant impact of hip fractures on the elderly population
(20). A systematic epidemiological review indicates that the

Table 3. Comparison of patients who underwent surgery and those who did not

Surgery Yes (n=94) No (n=19) p value

Age (mean % SD) 65.82+20.90 78.261+9.25 <0.001

ISS score (mean + SD) 10.40+4.24 12.32+6.16 0.210

. Pozitive Negative Pozitive Negative

1-month mortality (n, %) <0.001

8 (8.5%) 86 (91.5%) 7 (36.8%) 12 (63.2%)
. Pozitive Negative Pozitive Negative

1-year mortality (n, %) <0.001
15 (16%) 79 (84%) 10 (52.6%) 9 (47.4%)

ISS: The injury severity score, SD: Standard deviation
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one-year mortality rate following surgically treated hip fractures
ranges from 8.4% to 36%, depending on various risk factors,
including age, comorbidities, and the presence of postoperative
complications (25). In our study, surgical patients had a lower
one-year mortality rate (16%) compared to non-surgical patients
(52.6%), suggesting that surgical intervention offers a substantial
survival benefit, particularly when performed in a timely manner.
Our study also observed that patients with trochanteric fractures
experienced a higher mortality rate (27.4%) compared to those
with femoral neck fractures (15.7%). While this difference did not
reach statistical significance (p=0.135), it raises the question of
whether fracture type influences long-term survival outcomes.
Femoral neck fractures are often more complex and associated
with a higher risk of complications, such as non-union and
infection, which could contribute to higher mortality rates
(26,27). Nonetheless, the findings from our study suggest that the
type of fracture may play a role in mortality, but further research
is needed to better understand the underlying mechanisms
and potential treatment implications. Comorbid conditions
significantly influence the prognosis of hip fracture patients (28).
In our study, hypertension was the most prevalent comorbidity
(58.4%), followed by diabetes mellitus (29.2%). These chronic
conditions are known to complicate the treatment and recovery
process, especially in older adults. Prior research has shown
that comorbidities, such as cardiovascular disease, diabetes,
and respiratory illnesses, are associated with higher mortality
rates following hip fractures (28,29). Moreover, patients who
underwent surgery in our study were significantly younger than
those who did not (65.82 years vs. 78.26 years), which may explain
the better outcomes observed in the surgical group. Our findings
also reflect the common mechanism of injury for hip fractures
in the elderly, with 77.9% of patients sustaining their fractures
from ground-level falls. Osteoporosis, which increases fracture
risk, along with the physical frailty of older adults, contributes to
the high incidence of hip fractures (30,31). Preventive measures,
such as osteoporosis management, fall prevention programs,
and modifications to home environments, may help reduce the
frequency of hip fractures and their associated complications in
the future.

Study Limitations

While the study provides valuable insights, it has several
limitations. The single-center design and relatively small
sample size (113 patients) may limit the generalizability of our
findings. Larger, multicenter studies are needed to validate
these results and further explore the relationship between
surgical interventions, fracture type, and mortality outcomes.
Additionally, we did not assess functional outcomes or quality of
life after treatment, which are important factors when evaluating

the overall success of treatment strategies for hip fractures.
Future studies should incorporate these endpoints to provide a
more comprehensive view of the effectiveness of surgical versus
non-surgical approaches.

Conclusion

In conclusion, our study reinforces the significant role of surgical
intervention in improving survival outcomes for patients with
hip fractures. Despite the potential benefits of surgery, it is
essential to evaluate each patient individually, considering their
overall health, comorbidities, and functional status. For frail
patients with limited life expectancy, non-surgical management,
including palliative care, may be more appropriate. Ultimately,
this study underscores the need for timely surgical intervention,
combined with careful postoperative management, to optimize
outcomes for hip fracture patients. Future research should
focus on refining treatment strategies and identifying patient
subgroups who would benefit most from either surgical or non-
surgical approaches.
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Abstract

Aim: Accurate diagnosis in emergency departments relies heavily on clinical decision-making, yet cognitive errors contribute to a significant
proportion of diagnostic mistakes. Since their launch, Generative Pre-trained Transformer-4 (GPT-4) based large language models (LLMs)
have been reshaping healthcare, offering improvements in diagnostic accuracy, treatment planning, and patient care. This study evaluates
the performance of these tools in generating primary and differential diagnoses compared to an experienced emergency medicine (EM)
physician.

Materials and Methods: We conducted a retrospective cross-sectional study using 468 real-world clinical vignettes from non-trauma adult
patients. GPT-4-based Chat Generative Pre-trained Transformer (ChatGPT) and Copilot were tasked with generating five differential diagnoses
for each vignette. Their accuracy was compared to the diagnoses provided by EM physicians, using discharge diagnoses as the reference.
Statistical analysis included descriptive statistics and Cohen’s kappa to assess agreement.

Results: ChatGPT and Copilot demonstrated high accuracy, with correct diagnoses in the top three positions in 91.9% and 90.2% of cases,
respectively, compared to 93.2% for the EM physician. Moderate agreement between the artificial intelligence (Al) tools and the EM physician
was observed (kappa: 0.476 for ChatGPT and 0.414 for Copilot).

Conclusion: LLM-based generative Al tools show promise as clinical decision support systems, enhancing diagnostic accuracy and assisting

less-experienced clinicians. However, they should complement, not replace, human expertise in emergency settings.

Keywords: ChatGPT, Copilot, LLMs, generative artificial intelligence, differential diagnosis, emergency

Introduction

The diagnostic process relies on four essential components:
medical history, physical examination, differential diagnoses,
and diagnostic tests. Experienced clinicians have historically
been able to diagnose accurately in 70%, 90% of cases by taking
a thorough and detailed medical history (1,2). This demands
extensive medical knowledge, sharp observational skills, and
rigorous logical reasoning. The same precision is required when
formulating a comprehensive list of differential diagnoses, as
any error in judgment can derail the entire diagnostic process,
and lead to a delayed or missed diagnosis with potentially

serious consequences for patient outcomes. Unfortunately,
approximately 7.4 million (5.7%) emergency department (ED)
visits in the USA involve at least one diagnostic error annually
causing 371,000 (0.3%) serious harms (3). A total of 89% of these
errors are attributed to failures in clinical decision-making or
judgment, regardless of the underlying disease. Cognitive errors
causing delayed or missed diagnosis that are related to human
factors such as clinical expertise, inadequate knowledge, or
critical thinking have been reported in several studies (4-7).

A potential solution for mitigating cognitive errors in the
diagnostic process is employing artificial intelligence (Al)
technologies. Brown et al. (8) reported that improved clinical
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decision-making and reduced risk of patient harm could be
achieved in emergency patients by employing Al technologies,
including Al-based symptom checkers, natural language
processing tools to generate differential diagnoses, and real-time
electrocardiography and X-ray interpretation tools. Similarly,
Harada et al. (9) and Schwitzguebel et al. (10) reported that less-
experienced physicians could enhance their diagnostic accuracy
by using Al technologies in history taking and generating
differential diagnoses.

With the launch of Chat Generative Pre-trained Transformer
(ChatGPT) (OpenAl, San Francisco, CA) in November 2022 and
Copilot (formerly Bing Al) (Microsoft, Redmond, WA) in February
2023, Al technologies became easier for the general public to
use and more accessible. Their ability to comprehend inputs and
generate human-like, fluent text outputs to queries, quickly drew
attention across various fields, including healthcare. The latest
versions of these models were built on the Generative Pre-trained
Transformer-4 (GPT-4) architecture, which utilizes a transformer-
based neural network to predict the next token in a document
(11). GPT-4’s advanced capabilities make it particularly useful in
healthcare, where it can assist health professionals with tasks
such as medical diagnosis and generating differential diagnosis
lists. A user can input a patient’s clinical manifestations into these
large language model (LLM)-based generative Al tools, allowing
the models to analyze medical text data and suggest potential
differential diagnoses. In this research, we aimed to determine
the diagnostic accuracy of these novel Al tools using real-life
clinical vignettes and to have them list differential diagnoses.
We believe that this approach can serve as a clinical decision
support system (CDSS) tool, providing valuable assistance to less
experienced health professionals in their practice in the future.

Materials and Methods

Study Setting and Data Collection

The present study was designed as a single-center, retrospective
and cross-sectional study and conducted with 468 real-world
clinical vignettes. The data for the 468 patients were obtained
from the previous research titled “evaluating LLM-based
generative Al tools in a five-level emergency triage system:
a comparative study of ChatGPT Plus, Copilot Pro, and triage
nurses”. That study was conducted in an ED of a large urban
academic hospital over a one-week period between December
11 and December 18, 2023. Adult patients were enrolled during
random 24-hour intervals. Exclusions included minors, trauma
cases, and incomplete data. In the triage area, nurses assessed
patients while the emergency physician observed them and then
documented standardized clinical vignettes.
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For our research, Institutional Review Board approval was
obtained University of Health Sciences Turkiye, Sisli Hamidiye
Etfal Training and Research Hospital Health Practice and
Research Clinical Research Ethics Committee (decision number:
4640, date: 03.12.2024).

Outcome and Procedure

The primary outcome of the study was determining the
accuracy of LLM-based Al applications in generating primary
and differential diagnoses for non-trauma adult patients
presenting to the ED. To do so, we simultaneously introduced
each clinical vignette to the GPT-4 based generative Al tools
and an experienced emergency medicine (EM) physician, by
asking “Can you list 5 possible diagnoses, ordered from most
likely to less likely based on the presented information above?”
The first diagnosis was accepted as the primary diagnosis and
the others as differential diagnoses. These diagnosis lists were
then evaluated by an academic EM physician and benchmarked
against actual discharge diagnoses. The accuracy of LLM-based
generative Al tools and EM specialists in identifying the correct
diagnosis was investigated by determining the position of the
final diagnosis in each list.

LLMs Based-generative Al tools

Two LLM-based generative Al tools were used in this study;
ChatGPT Plus and Copilot Pro. ChatGPT Plus was accessed via
OpenAl's GPT-4 interface (version dated: 11.12.2023), and
Copilot Pro was used via Microsoft Copilot with GPT-4 integration
as of the same date. These tools can be considered advanced
Al systems that can create high-quality content, such as text,
audio, code, images, and videos, based on the data they were
trained on. They can analyze raw data and identify underlying
patterns and structures, allowing them to generate the most
statistically likely outputs in response to specific prompts. Both
models ran on Open Al's GPT-4 and performed various tasks.
However, its infrastructure is not publicly disclosed.

Statistical Analysis

Statistical analyses were performed using SPSS software,
version 28.0. Descriptive statistics, including means, standard
deviations, medians, minimum and maximum values,
frequencies, and percentages, were used to summarize and
characterize the data. The distribution of variables was checked
with the Kolmogorov-Smirnov test. The Friedman test and the
Wilcoxon test were used for the repeated measurement analysis.
The chi-square test was used for comparison of qualitative
data. Cohen’s kappa was used to assess the level of agreement
between LLMs and EM physicians.
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Results

A total of 468 clinical vignettes were included in the study.
Patients ranged in age from 18 to 100 years, with a mean age
of 46+19.8 years and a median age of 44.5 years. The gender
distribution was balanced, with 54.7% female (n=256) and 45.3%
male (n=212). The majority presented with ear, nose, and throat
(ENT) symptoms (15.4%, n=72), followed by respiratory (15.2%,
n=71) and cardiovascular complaints (13.9%, n=65). In terms of
comorbidities, 63.7% (n=298) had no comorbidities, while 36.3%
(n=170) had at least one. The most common comorbidities were
hypertension (16.2%, n=76), diabetes mellitus (9.6%, n=45),
and coronary artery disease (6.6%, n=31). Most patients (91.2%,
n=427) were discharged; 4.5% required gastrointestinal (GI)
hospitalization, 3.2% were admitted to the intensive care unit
(ICV), 0.9% refused care, and 0.2% died. Demographic data were
presented in Table 1.

The accuracy of the EM physician, ChatGPT, and Copilot in
predicting the correct diagnosis within the top five listed
diagnoses was 98.5%, 97.4%, and 94.9%, and the top three
listed diagnoses was 93.2%, 91.9%, and 90.2%, respectively.
The EM physician identified the definitive diagnosis as the first
choice in 379 cases, with an accuracy rate of 81.0%, compared

to ChatGPT’s 351 cases (75%) and Copilot’s 345 cases (73.7%)
(Table 2).

The EM physician failed to include the final diagnosis within the
top five differential diagnoses in 7 cases, compared to 12 missed
cases by ChatGPT and 24 by Copilot. Among clinical systems, the
EM physician missed 1 ENT case, 2 Gl cases, 1 musculoskeletal
case, 1 genitourinary (GU) case, and 2 hematologic cases. ChatGPT
missed 2 ENT, 1 cardiovascular, 1 GI, 3 musculoskeletal, 1 GU,
3 hematologic, and 1 psychiatric case. Copilot missed 4 ENT, 2
cardiovascular, 4 Gl, 9 musculoskeletal, 2 hematologic, and 3
psychiatric cases. In terms of patient outcomes, the EM physician
missed 5 discharged cases and 2 ward admissions, with no missed
ICU or surgical/intervention cases. ChatGPT missed 9 discharged
cases, 2 ward admissions, and 1 ICU admission. Copilot missed 17
discharged cases, 4 ward admissions, 3 cases requiring procedural
or surgical intervention, but no ICU admissions (Table 3).

ChatGPT and the EM physician agreed on the rank of the 375
cases; 337 were identified as the first choice. Similarly, Copilot and
the EM physician agreed on 361 cases, with 329 being identified
as the first choice. There was a moderate agreement between
all raters with Cohen’s kappa values for the EM physician versus
ChatGPT and for the EM physician versus Copilot being 0.476 and
0.414, respectively (p=0.000) (Table 4).

Table 1. Patient demographics, chief complaints, chronic medical conditions, and patient outcomes

Minimum-Maximum Median | Mean * SD/n-%

Age 18.0 - 100.0 |44.5 46.2 + 19.8
Female 256 54.7%

Gender
Male 212 45.3%
ENT-mouth, throat, neck 72 15.4%
Respiratory 71 15.2%
Cardiovascular 65 13.9%
Neurological 61 13.0%
Gl 58 12.4%
Musculoskeletal (limp/joint pain, neck pain) 35 7.5%

Chief complaints Ophthalmology 23 4.9%
GU 20 4.3%
Mental health 18 3.8%
ENT- nose/ear 18 3.8%
Skin 17 3.6%
Fever 1.7%
Poisoning 2 0.4%
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Table 1. Patient demographics, chief complaints, chronic medical conditions, and patient outcomes
Mean * SD/n-%
None 298 63.7%
At least 1 170 36.3%
At least 2 77 16.5%
3 or more 41 8.8%
HT 76 16.2%
DM 45 9.6%
CAD 31 6.6%
Comorbidities Malignancy 22 4.7%
COPD 14 3.0%
CHF 13 2.8%
CvD 13 2.8%
CRF 12 2.6%
Asthma 10 2.1%
Migraine 9 1.9%
Epilepsy 7 1.5%
Others 30 6.4%
Discharge 427 91.2%
Hospitalization 21 4.5%
Outcome ICU 15 3.2%
Mortality 1 0.2%
Refusal of care 4 0.9%
ENT: Ear, nose, and throat, SOB: Shortness of breath, HT: Hypertension, Gl: Gastrointestinal, GU: Genitourinary, DM: Diabetes mellitus, CAD: Coronary artery disease, COPD:
Chronic obstructive pulmonary disease, CHF: Congestive heart failure, CVD: Cerebrovascular disease, CRF: Chronic renal failure, ICU: Intensive care unit, SD: Standard deviation

Table 2. Comparison of diagnostic rankings among emergency medicine physician, ChatGPT, and Copilot

EM physician ChatGPT Copilot

n % n % n %
1 379 81.0 351 75 345 73.7
2 37 7.9 51 10.9 49 10.5
3 20 43 28 6.0 28 6.0

Diagnostic rank 4 15 32 14 3.0 1 2.4

5 10 2.1 12 2.6 11 2.4
>6 7 15 12 2.6 24 5.1

EM: Emergency medicine, ChatGPT: Chat Generative Pre-trained Transforme. This table compares the performance of an emergency medicine physician, ChatGPT, and Copilot
in ranking the correct diagnosis among a list of potential diagnoses, with the rankings shown from 1 (most accurate) to 5 (least accurate)
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Table 3. Number of missed diagnoses across clinical systems and patient outcomes, as identified by the EM physician, ChatGPT, and
Copilot. A missed case was defined as the failure to include the final diagnosis within the top five differential diagnoses generated
for each patient vignette

Systems EM physician ChatGPT Copilot

ENT 1 2 4

Cardiovascular system - 1 2

Gl system 2 1 4

Musculoskeletal system 1 3 9

GU system 1 1

Hematology 2 3 2

Mental health - 1 3

Patient outcomes

Discharged 5 9 17

Procedural/surgical intervention -

Admitted to a ward 2 2

ICU - 1 -

ENT: Ear, nose, and throat, EM: Emergency medicine, Gl: Gastrointestinal, GU: Genitourinary, ICU: Intensive care unit, ChatGPT: Chat Generative Pre-trained Transforme

Table 4. Kappa accuracy test between EM physician and LLMs

Emergency medicine physician
- - Accuracy p value

Diagnostic rank 1 2 3 4 5 >6
1 337 8 2 4 0 0
2 22 20 3 3 2 1
3 9 6 7 3 3 0

ChatGPT 4 B 5 3 ] 0 80.1% Kappa: 0.476 p=0.000
5 5 0 1 2 3 1
>6 1 0 5 0 1 5
1 329 12 2 2 0 0
2 21 17 6 3 2 0
3 14 5 5 3 1 0

Copilot . 5 ] 5 5 ] 0 77.1% Kappa: 0.414 p=0.000
5 5 1 0 2 2 1
>6 5 1 5 3 4 6

EM: Emergency medicine, LLMs: Large language models, ChatGPT: Chat Generative Pre-trained Transforme

Discussion

This study provides an in-depth analysis of the diagnostic
performance of the GPT-4-based ChatGPT and Copilot using real-
world patient data. Our findings indicate that both tools exhibit
a high level of accuracy in predicting the correct diagnosis based
on patients’ clinical history and vital parameters. This supports
the growing body of evidence suggesting that Al-driven models
can enhance diagnostic accuracy in clinical settings.

Previous studies have also reported promising results regarding
Al’s ability to assist in diagnosis. For example, Levine et al. (12)
evaluated a GPT-3-based Al model (an earlier version of ChatGPT)

using 48 clinical vignettes and found that the model identified
the correct diagnosis in the top three differential diagnoses with
an accuracy of 88%. Similarly, another study using 30 clinical
vignettes reported an accuracy rate of 83.3% in generating the
correct diagnosis within a list of five possible differentials (13).
More recent research conducted by Hirosawa et al. (14) has
demonstrated the superiority of newer Al models, including
ChatGPT-3.5 and ChatGPT-4.0. In that study, ChatGPT-3.5 achieved
a 65% accuracy rate in listing the correct diagnosis within the
top five differential diagnoses, while ChatGPT-4.0 improved this
rate to 81%. In line with these previous studies, our research
highlights the notable diagnostic performance of GPT-based
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LLMs in an emergency setting. Both tools demonstrated a high
degree of accuracy when listing differential diagnoses, achieving
rates above 90% for the top three predictions. This improvement
in performance over earlier versions of these models can be
attributed to advances in model architecture, increased training
data, and enhanced fine-tuning.

Notably, some of the missed diagnoses we identified involved
potentially serious conditions, such as cardiovascular or
hematologic disorders, which could delay critical interventions.
Specifically, Copilot failed to include the correct diagnosis in
three cases, that ultimately required procedural or surgical
treatment, two of which were acute limb ischemia. Similarly,
ChatGPT missed a diagnosis in a patient later admitted to the
ICU, indicating that diagnostic oversights by Al tools could have
meaningful clinical consequences. These findings highlight the
importance of cautious integration of generative Al in emergency
decision-making and underscore the continued need for clinical
oversight.

Another notable finding in our study is the moderate agreement
between the LLM-based tools and the EM physician, as reflected
by the Cohen’s kappa values. While accuracy was a key measure,
we also evaluated this parameter to explore the potential of Al
tools as supportive aids in clinical decision-making. Continuous
feedback is essential for improving diagnostic accuracy (15) and
enabling the smooth integration of Al into clinical workflows.
Although research in this area is limited, a recent study involving
392 case descriptions reported similar results, with moderate
agreement between GPT-4 and physicians (Cohen’s kappa= 0.47)
(0.39-0.56) in generating differential diagnoses (16). This level of
agreement between EM physicians and LLM-based Al highlights
their potential value, especially for supporting less-experienced
clinicians in decision-making.

In light of these considerations, we propose that LLM-based
generative Al tools such as ChatGPT and Copilot should be
integrated into healthcare as CDSS, particularly in high-volume
settings like the ED, where time constraints, high levels of stress
and diagnostic complexity are prevalent. Al tools can assist in
providing rapid, evidence-based suggestions, ensuring that fewer
diagnoses are overlooked. This approach can help mitigate the
cognitive biases that often contribute to diagnostic errors in
emergency care.

Study Limitations

This study has three main limitations. First, data were collected
over one week in December, a period with high rates of upper
respiratory tract infections. This short duration may not fully
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capture seasonal variations in disease presentations and patient
demographics, potentially affecting diagnostic accuracy and the
study’s generalizability. Second, this study used the discharge
diagnosis as the final diagnosis. While discharge diagnosis
serves as a reasonable benchmark, it may not always reflect the
most accurate final diagnosis due to misdiagnosis. Third, our
study was conducted in a controlled environment rather than
real emergency settings. In real-time clinical practice, cognitive
ability is influenced by multiple dynamic factors such as time
constraints, high patient volume, physician workload, stress,
and cognitive fatigue. These factors may affect clinical decision-
making, ranking, and variety of potential diagnoses. Given these
considerations, we recommend that future studies be conducted
in real-time and real-world emergency settings.

Conclusion

Our study demonstrates the significant potential of LLM-based
generative Al tools like ChatGPT and Copilot to assist clinicians
in diagnostic reasoning. These tools should be viewed as
complementary aids rather than replacements for human
expertise. To ensure safe and effective integration into clinical
practice, their implementation must be accompanied by
continuous evaluation. While our findings are promising, future
multicenter studies are needed to enhance generalizability and
validate performance across diverse clinical settings.
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Abstract

Aim: In patients with community-acquired pneumonia, we observed that the impact of the age variable commonly used in Pneumonia
Severity scores to predict mortality risk is disproportionate within the pneumonia severity index (PSI). In this context, our study aimed to
evaluate and compare the effectiveness of pneumonia severity scores, adjusted for demographic factors such as age and gender, in predicting
intensive care unit (ICU) admission and mortality, compared to PSI and CURB-65.

Materials and Methods: In 2019, data on patients diagnosed with pneumonia in the emergency department were obtained through a
retrospective review. The CURB-65, PSI, age-modified PSI (mPSI), and gender- modified PSI (gmPSI) scores were calculated. The predictive
performance of these scores for ICU admission and mortality was statistically analyzed.

Results: A total of 363 patients were included in the study, of whom 205 (56.4%) were male. Additionally, comparisons of the newly developed
age-mPSI and gmPSI with the standard PSI and CURB-65 demonstrated no statistically significant difference in predicting 30-day mortality or
ICU admission rates (p>0.05).

Conclusion: The findings of this study indicate that the newly developed mPSI and gmPSI scoring systems yield results comparable to those
of the standard PSI scoring system.

Keywords: Community acquired pneumonia, pneumonia severity index, CURB-65, age, gender

Pneumonia Severity index (PSI). CURB-65 is a classification system
used to predict the risk of mortality and is frequently preferred
in emergency departments because it is easy to remember and

Introduction

Community-acquired pneumonia (CAP) is a common disease with

a lifetime prevalence of 20-30% in developing countries and 3-4%
in developed countries (1). The mortality rate among hospitalized
and diagnosed patients has been reported to vary between 4%
and 21% in different settings (2). It has been reported that this
rate is higher, even up to 50%, among patients admitted to the
intensive care unit (ICU) (3). Treatment in patients with CAP is
determined according to the general condition and prognosis of
the patient, and the follow-up and treatment plan of the patient
varies according to the severity of the disease (4). Therefore,
various scoring systems are used to determine the prognosis. The
most commonly used assessment tools are CURB-65 (confusion,
blood urea nitrogen, respiratory rate, blood pressure) and

contains few criteria (3). PSI is a scoring system developed by
Fine et al. (5) that includes 20 parameters and is divided into
5 categories according to 30-day prognosis predictions. CURB-
65 and the PSI are widely used to predict mortality in CAP (6).
However, there are many studies reporting that PSI performs
better than CURB-65 in predicting mortality (7,8).

Nevertheless, clinical applications have revealed certain
limitations of this scoring system within the context of emergency
departments (8,9). For instance, one study demonstrated that
mortality and ICU admission rates were lower among patients
categorized as PSI Class I/1l but were paradoxically higher among
those with a CURB-65 score of 1 (10). Furthermore, evidence
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suggests that approximately 27% of patients in PSI Class I-lll
may necessitate ICU admission and 40% of patients classified
as low-risk were hospitalized (11,12). Although elevated scores
in such systems are typically indicative of more severe illness,
it is important to note that younger to middle-aged patients
with low scores may also require ICU-level care. In particular,
the age-related risk factor incorporated into the PSI scoring
system may result in disproportionately high scores among older
patients while potentially underestimating severity in younger
individuals.

Many studies in the literature have shown that sex hormones
play an important role in the immune response and that
women have a stronger immune response than men. In general,
women have a stronger response to pathogens and produce
higher levels of interferon and antibodies (13,14). We aimed to
assess the influence of age and sex on the performance of the
PSI scoring system in this study. In particular, the impact of the
newly developed age- and sex-modified, modified-PSI (mPSI) and
gender- modified PSI (gmPSI) on clinical outcomes, including
mortality and ICU admission rates, was analyzed.

Materials and Methods

This retrospective study was conducted in the emergency
department of a tertiary hospital located in a provincial center
that experiences approximately 420,000 patient visits annually. It
received ethical approval from the University of Health Sciences
Turkiye, Diskapi Yildirim Beyazit Training and Research Hospital
Clinical Research Ethics Committee (decision number: 103/13,
date: 25.01.2021). Our research was designed in accordance
with the Standards for Reporting of Diagnostic Accuracy Studies
statement (15).

Information was extracted from electronic medical records and
patient charts. A retrospective chart review was conducted by two
emergency medicine specialists, each possessing a minimum of
three years of experience.

Between January 1, 2019, and December 31, 2019, patients were
diagnosed with pneumonia in the emergency medicine clinic. All
patients over the age of 18 years with a diagnosis of pneumonia
were included in the study. The inclusion criteria were based on
ICD-10 codes (International Statistical Classification of Diseases,
J15 and its subcodes, J15.8, J15.9) retrieved from the hospital’s
data system. Individuals with a history of hospitalization
within the preceding seven days, a diagnosis of cystic fibrosis,
tuberculosis, or Human immunodeficiency virus, a documented
history of concomitant pulmonary embolism, or a history of
trauma at the time of admission, as well as those with incomplete
data in their records, were excluded from the study. Additionally,

patients with high mortality at the time of admission and those
diagnosed with pneumonia were not included in the study.

Patients diagnosed with pneumonia were initially stratified
according to the CURB-65 score, the PSI, and the criteria for ICU
admission (1). The PSI scoring system was subsequently modified
by excluding the age and gender variables. To adjust for age-
related risk, 10 points were allocated to patients aged 65 years
and older, whereas no points were assigned to those under 65
years. This revised scoring model was termed the mPSI.

In the calculation of the gmPSI, female patients aged 65 years and
older were assigned 10 points, while male patients in the same
age group were allocated 20 points. No points were assigned to
either male or female patients under the age of 65.

The predictive performance of the scoring systems (PSI, mPSI, and
gmPSl) in estimating hospitalization and mortality outcomes was
systematically evaluated. Patients were subsequently categorized
into two distinct age groups: younger adults (18-64 years) and
older adults (>65 years), enabling a comprehensive comparison
between these cohorts.

Statistical Analysis

Statistical analyses were conducted using the SPSS 22.0 software
package. The normality of continuous variables was assessed
through the Kolmogorov-Smirnov test, supplemented by
descriptive statistical measures of Skewness and Kurtosis.

Descriptive statistics were presented as frequencies and
percentages for categorical variables, while continuous variables
were summarized using medians and (interquartile range 25"-
75" percentiles). For the analysis of differences in numerical
variables between two independent groups, the Mann-Whitney
U test was employed. Comparisons of proportions between
independent groups were conducted using chi-square analysis.

ROC analyses were conducted to evaluate the predictive efficacy
of continuous variables in estimating 30-day mortality and the
need for intensive care. A p value of <0.05 was considered the
threshold for statistical significance.

Results

A total of 450 patients were initially enrolled in the study;
however, 87 were excluded due to incomplete data. Among the
remaining participants, 205 (56.4%) were male. Hospitalization
rates did not differ significantly between male and female
patients (p=0.248).

The stratified pneumonia scores based on 30-day mortality
and ICU requirements for all patients are presented in Table 1.
Patients who died or required ICU admission were older and
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exhibited higher scores across all measurements (p<0.05 for all
comparisons) (Table 1).

ROC analysis was conducted to identify the threshold values
of pneumonia scores distinguishing between deceased and
surviving patient groups. Among the scores, PSI demonstrated
the highest area under the curve (AUC), while CURB-65 exhibited
the lowest. All AUC values were statistically significant (p<0.001
for all comparisons) (Table 2, Figure 1A).

In the ROC analysis conducted to determine the threshold values
of pneumonia scores differentiating patients admitted to the ICU
from those not admitted, the mPSI demonstrated the highest
AUC, while the CURB-65 showed the lowest. All AUC values were
statistically significant (p<0.001 for all comparisons) (Table 3,
Figure 1B).

The best cut-off values, along with the corresponding sensitivity
and specificity of the PSI, mPSI, and gmPSI scores for predicting
mortality and ICU admission, are presented in Table 4. The
sensitivity and specificity values for all three scoring systems were
found to be comparable (Table 4).

Patients were categorized into two age groups: 18-64 years
(young) and >65 years (geriatric). In the ROC analysis conducted to
identify the threshold values of pneumonia scores for predicting
mortality within the young age group, the PSI demonstrated the
highest AUC, whereas CURB-65 exhibited the lowest. All AUC
values were statistically significant (p<0.001) (Table 5, Figure 2A).

In the ROC analysis conducted to determine the threshold values
of pneumonia scores for predicting mortality in the geriatric
group, PSI and mPSI exhibited the highest AUC values, while
CURB-65 demonstrated the lowest (Table 6, Figure 2B).

In the ROC analysis conducted to identify the threshold values
of pneumonia scores for predicting ICU admission in the young
patient group, the highest AUC value was observed for the mPSI,
while the lowest was associated with the PSI (Table 7, Figure 3A).

In the ROC analysis conducted to determine the threshold values
of pneumonia scores for intensive care admission in the geriatric
population, the highest AUC value was observed for the PSI score,
while the lowest was associated with the CURB-65 score (Table 8,
Figure 3B).

Discussion

Treatment, prognosis, and care location decisions are often
facilitated by scoring systems, which, despite inherent challenges
and limitations, serve as valuable tools in the clinical decision-
making process. These systems primarily aim to minimize
unnecessary hospital admissions while ensuring appropriate
patient placement and management. The PSI, a widely utilized
scoring system, comprises 20 variables encompassing patient
age, history of nursing home residence, comorbid conditions,
vital signs, laboratory results, chest radiographic findings, and
oxygenation status. The assessment is conducted in two distinct
stages. In this scoring system, the age variable is directly assigned
based on the numerical age in male patients, while, for female
patients, it is calculated as age minus 10. Consequently, this
approach may result in low scores for young patients with
severe respiratory failure in the absence of comorbidities,
while generating high scores for very elderly patients. Such
discrepancies can create confusion for clinicians and potentially
lead to inappropriate hospitalization and treatment decisions.

Table 2. AUC values of pneumonia scores according to 30-day
mortality

AUC iCr:)tr;friclaelnce p value
CURB-65 0.700 0.637-0.763 <0.001
PSI 0.803 0.750-0.855 <0.001
mPS| 0.794 0.740-0.849 <0.001
gmPS| 0.793 0.739-0.847 <0.001

AUC: Area under the curve, PSI: Pneumonia severity index, mPSI: Modified-PSI,

gmPSI: Gender-mPSI

Table 1. Pneumonia severity scores stratified by 30-day mortality and intensive care unit admission requirement

Mortality in 30 days ICU hospitalization

Exitus Alive p value | None ICU admission ICU admission p value
Gender n (%)
Female 33 (44.6%) 125 (43.3%) 0.835 | 106 (41.4%) 52 (48.6%) 0.248
Age (years) (min-max) 80 (70-86) 75 (63-83.5) 0.005 75 (63-81.7) 80 (70-87) <0.001
CURB-65 median (min-max) 2(2-3) 2(1-2) <0.001 |2(1-2) 2(2-3) <0.001
PSI score 164 (138-191) 119 (93-149) <0.001 | 112.5(91-140) 163(142-180) <0.001
mPSI, median (min-max) 100 (80-120) 60 (40-80) <0.001 | 50 (30-80) 100 (80-120) <0.001
gmPSI, median (min-max) 100 (80-120) 60 (40-90) <0.001 | 60 (40-80) 100 (90-120) <0.001
ICU admission n (%) 55 (74.3%) 58 (20.1%) <0.001

ICU: Intensive care unit, PSI: Pneumonia severity index, mPSI: Modified-PSI, gmPSI: Gender-mPSI
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The literature contains numerous studies evaluating the sensitivity
and specificity of CURB-65 and PSI scores in predicting mortality
and the necessity for ICU admission (16-18). In a study conducted
in Iran, CURB-65 demonstrated higher accuracy in predicting
mortality and the need for intensive care hospitalization in
patients with CAP (17). In contrast, studies conducted by Akca
et al. (17) and Satici et al. (18) found that PSI exhibited superior
performance in predicting mortality.

ROC Curve

ROC Curve
- — Souce of

Sensitivity

00 02 o o8 o8 0
1-Specificity

30-day mortality

00 02 o ) o8 i
1- Specificity

ICU hospitalization

Figure 1. ROC analysis of pneumonia scores according to 30-day
mortality or ICU hospitalization for all patients. A) ROC analysis of
pneumonia scores according to 30-day mortality for all patients, B)
ROC analysis of pneumonia scores according to ICU hospitalization
for all patients

ICU: Intensive care unit

Table 3. AUC values of pneumonia scores by ICU
AuC icr:)tr;frlclaelnce p value
CURB-65 0.764 0.714-0.815 <0.001
PSI 0.839 0.796-0.882 <0.001
mPSI 0.856 0.818-0.895 <0.001
gmPSI 0.854 0.815-0.892 <0.001
AUC: Area under the curve, ICU: Intensive care unit, PSI: Pneumonia severity index,
mPSI: Modified-PSI, gmPSI: Gender-mPSI

In a retrospective study involving 1,902 patients, Zhang et al. (19)
categorized the patients into three age groups: 18-64 years, 65-84
years, and >85 years. Although PSI Class Il is considered a low-
risk category for mortality, they observed a mortality rate of 7.5%
in the 18-64 age group, compared to 2.1% in the 65-84 age group
and 2.6% in those aged >85 years. Accordingly, they suggested
that PSI Class IIl may not be appropriate for classification as a
low mortality risk in younger patients. They reported that while

Table 5. AUC values of pneumonia scores according to 30-day
mortality at 18-64 years of age

AuUC i(ir?tr;ti‘(/iaelnce p value
CURB-65 0.760 0.594-0.927 0.008
PSI 0.870 0.756-0.985 <0.001
mPSI 0.825 0.688-0.963 =0.001
gmPS| 0.825 0.687-0.962 =0.001

AUC: Area under the curve, PSI: Pneumonia severity index, mPSI: Modified-PSI,
gmPSI: Gender-mPS|

ROC Curve
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Figure 2. ROC analysis of pneumonia scores according to 30-
day mortality for young and geriatric patients. A) ROC analysis
of pneumonia scores according to 30-day mortality for young
patients, B) ROC analysis of pneumonia scores according to 30-day
mortality for geriatric patients
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Figure 3. ROC analysis of pneumonia scores according to I1CU
hospitalization for young and geriatric patients. A) ROC analysis
of pneumonia scores according to ICU hospitalization for young
patients, B) ROC analysis of pneumonia scores according to 1CU

Table 4. Threshold values and sensitivity and specificity of
pneumonia scores
PSI mPsI gmPs| :
Mortality he
Best cut-off point | 121% 57% 52%
Sensitivity 89% 90% 95% ——,
Specificity 55% 47% 42% BETr—
ICU
Best cut-off point | 123% 62% 62%
Sensitivity 90% 92% 94%
Specificity 62% 66% 62%
ICU: Intensive care unit, PSI: Pneumonia severity index, mPSI: Modified-PSI, gmPSI: hospitalization for geriatric patients
Gender-mPs| ICU: Intensive care unit
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Table 6. AUC values of pneumonia scores for predicting 30-day
mortality in patients aged >65 years

AUC iCr:)tr:;i‘(liaelnce p value
CURB-65 0.658 0.585-0.731 <0.001
PSI 0.771 0.709-0.834 <0.001
mPSI 0.771 0.708-0.834 <0.001
gmPSI 0.769 0.707-0.832 <0.001

AUC: Area under the curve, PSI: Pneumonia severity index, mPSI: Modified-PSI,
gmPSI: Gender-mPS|

Table 7. AUC values of pneumonia scores for 18-64 years
according to ICU

AUC icl:)tr;ti‘jlaelnce p value
CURB-65 0.865 0.775-0.955 <0.001
PSI 0.835 0.726-0.944 <0.001
mPSI 0.901 0.814-0.988 <0.001
gmPS| 0.900 0.814-0.987 <0.001

AUC: Area under the curve, ICU: Intensive care unit, PSI: Pneumonia severity index,
mPSI: Modified-PSI, gmPSI: Gender-mPSI

Table 8. AUC values of pneumonia scores for predicting
intensive care unit admission in the geriatric population

AUC iC&r::i‘(/iaelnce p value
CURB-65 0.728 0.666-0.790 <0.001
PSI 0.833 0.787-0.880 <0.001
mPSI 0.830 0.783-0.876 <0.001
gmPSI 0.828 0.781-0.875 <0.001

AUC: Area under the curve, ICU: Intensive care unit, PSI: Pneumonia severity index,
mPSI: Modified-PSI, gmPSI: Gender-mPSI

PSI was more sensitive than CURB-65 in predicting mortality, it
misclassified the low-risk group among younger patients, and
the discriminative power of both CURB-65 and PSI diminished
with increasing age (19). In a prospective study involving 987
patients, Chen et al. (20) categorized the patients into age
groups as defined in the study and observed mortality rates of
20% in the 18-64 age group, 11% in the 65-84 age group, and
11.5% among those aged 85 years and over. They demonstrated
that 77.8% of the patients who died in the young adult group
were categorized as low-risk, a significantly higher proportion
compared to those categorized as low-risk in the elderly and
very old groups. They attributed the poor performance of the PSI
score in elderly patients to the significant influence of the age
variable and proposed that applying a non-linear adjustment
to the age variable would enhance the PSI score’s accuracy.
Simonetti et al. (21) also observed in their prospective study
that the effectiveness of PSI and CURB-65 in predicting mortality
diminished with advancing age. In our clinical practice, we found
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it necessary to critically evaluate the age component of the PSI
score. Our observations indicated that some very elderly patients
did not require intensive care despite having a high PSI score,
whereas certain younger patients required intensive care despite
a low PSI score.

In our study, a novel scoring system was developed and
implemented to address the confusion caused by existing scoring
systems for patients requiring hospitalization in the ward or ICU,
or those who can be managed as outpatients. Based on the data
obtained from these scoring systems, we found that the highest
AUC value for predicting 30-day mortality was associated with
PSI, while the lowest was observed with CURB-65.

Comparisons according to the patients’ age groups indicated that
the highest AUC value for 30-day mortality in the 18-64 age group
was related to PSI, and the highest AUC value for the need for
ICU admission was related to mPSI. We found that the highest
AUC value for 30-day mortality in the geriatric age group was
related to both PSI and mPSI, and the highest AUC value for the
need for ICU admission was related to PSI. PSI scoring was more
significant than mPSI scoring in terms of the need for intensive
care admission in the geriatric age group. However, the results
of both scores were similar in the geriatric age group in terms of
mortality. In the 18-64 age group, the significance of mPSI scoring
in intensive care admissions led to the conclusion that the age
factor had an effect on determining the need for admission.
However, after a more detailed examination of the findings,
we found that there was no significant difference between the
scoring systems.

Study Limitations

Our study has a retrospective design, and the consequent data
loss is one of our limitations. There may be missing data due to
incorrect diagnosis code records. Due to the retrospective nature
of the study, certain variables like confusion may have been
under-documented in the medical records, which could have
resulted in lower CURB-65 and PSI scores. There are limitations in
our study because patient data were collected in a single center
and the study was conducted with a specific sample size.

Conclusion

In our study, we have demonstrated that the mPSI and gmPSI
scoring systems, can reduce hospital burden and additional costs
by decreasing unnecessary intensive care admissions, similar
to PSI. Additionally, they exhibit comparable sensitivity to PSI,
which is used as the standard for predicting early mortality.
Therefore, we believe that its application in both elderly and
younger patients could facilitate a more objective assessment.
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Abstract

Aim: To evaluate the frequency, causes, and clinical outcomes of emergency department (ED) visits among pediatric patients with
tracheostomies and to identify the risk factors associated with frequent ED utilization.

Materials and Methods: This retrospective case-control study included pediatric patients (0-18 years) with tracheostomies who were followed
up at a tertiary care center between January 2020 and December 2024. Patients were divided into two groups based on the number of ED
visits per year (<2 vs. >2). Demographic, clinical, and caregiver-related data were collected. Statistical analyses were conducted to identify
factors associated with frequent ED visits.

Results: A total of 157 patients were included, with a median age of 28 months at the time of tracheostomy. During the 5-year period,
these patients visited the ED 978 times. The most common reasons for ED visits were tracheostomy cannula replacement (37.9%) and acute
respiratory failure (20.1%). Patients who visited the ED >2 times per year (n=31, 19.7%) were more likely to be fed orally (p=0.006), have less
caregiver training in tracheostomy and device care (p=0.014 and p=0.030, respectively), and have Pseudomonas aeruginosa colonization
(p=0.020). Mortality was also significantly higher in this group (32.3% vs. 11.9%, p=0.011).

Conclusion: Frequent ED visits in children with tracheostomies are associated with modifiable factors such as feeding method, caregiver
training, and chronic airway colonization. Structured education programs and preventive care strategies may reduce healthcare utilization
and improve patient outcomes in this vulnerable population.

Keywords: Tracheostomy, pediatric emergency department, caregiver training, respiratory complications, pseudomonas aeruginosa, frequent

emergency department visits

Introduction

Tracheostomy is an invasive, life-saving procedure performed for
reasons such as upper airway obstruction, prolonged mechanical
ventilation, or inadequate secretion clearance (1,2). Although
tracheostomy is less common in children than in adults, this
intervention requires significant care, poses a high risk of

complications, and has significant social effects (3,4). Children
with tracheostomies may require frequent hospital visits due to
acute complications, such as respiratory tract infections, cannula
obstruction, and cannula dislodgement (5,6). A significant
proportion of these visits occur in emergency departments (EDs).

Data on ED visits of children with tracheostomies are critical to
improving the management of these patients and preventing
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possible complications. However, the current literature is limited
with regard to data on the causes, frequency, and outcomes
of these visits (6,7). This may make it difficult for healthcare
professionals to meet the needs of this special patient group
(5,8).

This study aims to retrospectively examine the reasons for ED
visits, clinical conditions during these visits, hospitalization rates,
and the risk factors for frequent ED visits among children with
tracheostomies.

Materials and Methods

Study Design

This retrospective case-control study was carried out between
January 2020 and December 2024 in the Department of Pediatric
Pulmonology at the Necmettin Erbakan University Faculty of
Medicine. The study was approved by the Ethics Committee of
Necmettin Erbakan University with (decision number: 2025/5711,
date: 25.04.2025).

We retrospectively reviewed the medical records of patients aged
0-18 years with tracheostomies who were under follow-up at our
clinic between January 2020 and December 2024. Patients with
incomplete data and those older than 18 years were excluded
from the study.

The following patient demographics were recorded: age at
tracheostomy, educational status, parents’ educational status,
caregiver, distance from hometo hospital, routine feeding method
[oral, nasogastric tube, or percutaneous endoscopic gastrostomy
(PEG)], and caregiver training information were recorded.
Furthermore, the clinical characteristics of patients, including
Pseudomonas colonization, primary cause of tracheostomy,
current status (deceased or alive with tracheostomy), number of
ED visits, primary diagnosis/reasons for ED visits, ED outcomes
[discharged, admission to ward, and admission to pediatric
intensive care unit (PICU)], and length of stay in hospital, were
recorded.

The primary endpoint of the study is to determine the frequency
of ED visits in the period following tracheostomy placement.
Visits to other hospitals’ EDs were not considered. Frequent visits
were defined as two or more ED visits per year.

Statistical Analysis

SPSS 22 (IBM Corp., released in 2011) IBM SPSS Statistics for
Windows, Version 22.0. Armonk, NY: IBM Corp.) was used to
analyze the data in our study. The Shapiro-Wilk test was used to
determine if the variables were normally distributed. Descriptive
analyses were expressed as the mean + standard deviation for

normally distributed variables and as the median (minimum-
maximum) for non-normally distributed variables. Categorical
data were expressed as n (%). Patients were divided into two
groups based on the number of ED visits per year (<2 and >2).
All ED visits were considered equal, regardless of the complexity
of the reason for the visit (e.g., basic tube cleaning or respiratory
failure). Risk factors for frequent ED visits were identified by
comparing the two groups. Categorical variables were compared
using the chi-squared test. The Mann-Whitney U test was used for
continuous variables in comparisons between the two groups. A
p value of <0.05 was accepted as the level of significance.

Results

A total of 165 children with tracheostomies who were being
followed up at our clinic were to be included in the study.
However, eight patients were excluded because their data could
not be accessed. Finally, 157 patients were included in the study.
The median (minimum-maximum) age at tracheostomy was 28
(1-210) months. Among the patients, 87 (55.4%) were male and
70 (44.6%) were female. The primary caregiver was the mother
for most patients (n=145, 92.4%). The most common reason for
tracheostomy was severe neurological disease (=107, 68.2%).
More than half of the patients (=85, 54.1%) were fed via PEG.
The median (minimum-maximum) number of ED visits per year
for all children was 1.13 (1-11.34). Thirty-one patients (19.7%) had
two or more ED visits per year. These patients were statistically
significantly more likely to be fed per oral, have caregivers with
less training in tracheostomy care, and have caregivers with
less device training. Additionally, patients with Pseudomonas
colonization visited the ED significantly more frequently (p<0.05).
Table 1 presents the demographic data of the patients included
in the study, grouped according to the number of ED visits.

During the 5-year period, 157 patients visited the ED a total of 978
times. The most common reason for ED visits was tracheostomy
tube replacement (n=371, 37.9%), followed by acute respiratory
failure (n=197, 20.1%) and upper respiratory tract infections/
pneumonia (n=134, 13.7%). Of these patients, 599 (61.2%)
were discharged, 229 (23.4%) were admitted to a ward, and 150
(15.3%) were admitted to the PICU. The median length of hospital
stay for these visits was 10 days (range 1-135 days). The clinical
characteristics of the patients’ ED visits are shown in Table 2.

Discussion

This retrospective study examined the reasons for ED visits
among pediatric patients with tracheostomies, as well as the risk
factors associated with frequent visits. Over a five-year period,
a total of 157 patients with tracheostomy visited the ED 978
times, with approximately one-fifth of the patients visiting two
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Table 1. Comparison of patient demographics and risk factors according to emergency department visit frequency

<2 visits/year | >2 visits/year | Total p value
Total number of patients, n (%) 126 (80.3) 31(19.7) 157 (100)
Tracheostomy age, months, median (minimum-maximum) 29 (1-210) 19 (1-182) 28 (1-210) 0.268
Male gender, n (%) 73 (57.9) 14 (45.2) 87 (55.4) 0.200
Education status, n (%)
Going to school 7 (5.6) 1(3.2) 8(5.1)
Education at home 10 (7.9) 2 (6.5) 12 (7.6) 0.403
At school age but not going to school 61 (48.4) 11 (35.5) 72 (45.9) :
Not at school age 48 (38.1) 17 (54.8) 65 (41.4)
Mother education status, n (%)
Primary school graduate 83 (65.9) 15 (48.4) 98 (62.4)
High school graduate 25(19.8) 11 (35.5) 36(22.9) 0.140
University graduate 18 (14.3) 5(16.1) 23 (14.6)
Father education status, n (%)
Primary school graduate 64 (50.8) 15 (48.4) 79 (50.3)
High school graduate 36 (28.6) 9(29) 45 (28.7) 0.963
University graduate 26 (20.6) 7(22.6) 33(21) :
Primary caregiver, n (%)
Mother 114 (90.5) 31(100) 145 (92.4)
Father 8 (6.3) 0(0) 8 (5.1) 0362
Other family member 3(2.4) 0(0) 3(1.9) ’
Nurse 1(0.8) 0(0) 1(0.6)
Distance to our hospital, n (%)
<10 km 42 (33.3) 13 (41.9) 55 (35) 0249
10-50 km 40 (31.7) 12 (38.7) 52 (33.1) :
>50 km 44 (34.9) 6 (19.4) 50 (31.8)
Transport, n (%)
Private vehicle 94 (74.6) 20 (64.5) 114 (72.6) 0.259
Ambulance 32 (25.4) 11 (35.5) 43 (27.4)
Feeding, n (%)
Per oral 25 (19.8) 14 (45.2) 39248 | 006
Via nasogastric catheter 29 (23) 8(25.8) 37(23.6) :
Via percutaneous endoscopic gastrostomy 72 (57.1) 929 81(51.6)
Was the caregiver fully trained in managing tracheostomy patients? n (%)
Yes 120 (95.2) 25 (80.6) 145(92.4) | 0.014
Was the caregiver fully trained on how to use the devices? n (%)
Yes 114 (90.5) 23 (74.2) 137(87.3) | 0.030
Was the caregiver fully trained in cardiopulmonary resuscitation? n (%)
Yes 103 (81.7) 22 (71) 125(79.6) | 0.182
Does the device have a humidifier? n (%)
Yes 94 (74.6) 21(67.7) 115(73.2) | 0.439
Is there a coughing device? n (%)
Yes 19 (15.1) 7 (22.6) 26 (16.6) 0314
Is there a electric generator for devices? n (%)
Yes 48(38.1) 12 (38.7) 60 (38.2) 0.950
Primary cause of tracheostomy? n (%)
Preterm birth 10 (7.9) 1(3.2) 11(7) 0.013
Severe neurological disease 91(72.2) 16 (51.6) 107 (68.2) :
Severe lung disease 25(19.8) 14 (45.2) 39 (24.9)
Pseudomonas colonization, n (%)
Yes 60 (47.6) 22 (71) 82 (52.2) 0.020
Does he/she perform regular respiratory physiotherapy? n (%)
Yes 96 (76.2) 21 (67.7) 117 (74.5) 0.333
Current status, n (%)
Alive with tracheostomy 111 (81.1) 21 (67.7) 132 (84.1) 0.011
Deceased 15(11.9) 10 (32.3) 25 (15.9) :
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Table 2. Distribution of clinical diagnoses and ed outcomes in
pediatric tracheostomy patients

Primary diagnosis and reasons for visit, n (%)

Acute gastroenteritis 91(9.3)
Sepsis 57 (5.8)
Upper respiratory tract infection/pneumonia 134 (13.7)
Tracheostomy cannula exchange 371(37.9)
Gastrostomy care 40 (4.1)
Epileptic seizure 53 (5.4)
Acute respiratory failure 197 (20.1)
Urinary tract infection 9(0.9)
Bradycardia/tachycardia 18 (1.8)
Trauma 8(0.8)
Emergency department outcomes, n (%)

Discharged from emergency department 599 (61.2)
Ward admission 229 (23.4)
Intensive care unit admission 150 (15.3)
Length of stay in hospital, days, median (minimum- 10 (1-134)
maximum)

or more times per year. The main risk factors for frequent visits
were per-oral feeding, a lack of caregiver training in managing
tracheostomy patients and devices, Pseudomonas colonization,
and preterm birth.

A study by Tarfa et al. (6) also reported that respiratory
complications and cannula-related problems were the
most common reasons for ED visits among children with
tracheostomies. In this study, the most common reasons for
ED visits were tracheostomy cannula replacement (37.9%) and
acute respiratory failure (20.1%). Of the cases admitted to the
hospital, approximately 40% required the PICU, with some stays
exceeding 100 days. These findings demonstrate that children
with tracheostomies require significant healthcare resources.
These findings underscore the significant impact of technical
and clinical challenges in home care on ED visits.

The results of this study showed that frequent ED users had
significantly less tracheostomy and device training. These results
suggest that caregiver training plays a key role in reducing
the frequent ED visits for this patient group. The American
Association for Respiratory Care’s clinical practice guideline states
that training caregivers at home can reduce complications and
limit the use of health services (5). Inadequate caregiver training
may lead to delays in recognizing early warning signs of airway
obstruction, secretion accumulation, or tube malfunction, all
of which can result in avoidable ED visits. Clearly, including
caregivers in simulation-based training, video training, or
structured home care programs, as well as supporting families
through training, will reduce ED visits.

This study found that severe neurological diseases were the
most common cause of tracheostomy. For these patients, a
combination of muscle weakness and difficulty swallowing

increases the risk of aspiration. Studies showed that children
fed via PEG experience fewer complications (9). The reason our
patients who are fed orally visited the ED more frequently is also
due to an increased risk of aspiration. Early identification of
high-risk patients and timely transition to safer feeding routes
may prevent recurrent respiratory complications and hospital
visits. Trained caregivers also play an important role in the early
identification of patients at high risk of aspiration.

The presence of Pseudomonas in the airway often leads to
persistent inflammation and mucus overproduction, which
may exacerbate respiratory distress and prompt frequent ED
utilization. This study showed that patients with Pseudomonas
aeruginosa colonization visited the ED more frequently, which
can be explained by an increased risk of respiratory tract
infection. Previous studies have demonstrated that Pseudomonas
aeruginosa causes chronic colonization in tracheostomized
patients, leading to increased hospital admissions (6,7). A
large-scale study by Russell et al. (10) found that Pseudomonas
aeruginosa colonization was associated with the severity of
respiratory symptoms and hospital admissions.

A total of 32.3% of patients who visited the ED more than two
times per year died. This rate was significantly higher than the
rate of patients who visited the ED less than twice per year. These
results suggest that frequent hospital visits may indicate serious
underlying clinical problems. Berry et al. (8) demonstrated that
frequent hospital visits among children with tracheostomies
are associated with mortality. Various studies have reported
higher mortality rates in children with complex care needs, such
as neurological diseases, respiratory device dependence, and
enteral feeding requirements (11,12).

It is well known that a significant proportion of ED visits after
tracheostomy are avoidable (13). Strategies such as structured
programs that support tracheostomy and device training, regular
respiratory physiotherapy, and the early detection of infections
may reduce repeat visits. However, numerous variables such
as socioeconomic factors, caregiver education, and access to
healthcare services in the area of residence influence this process
(14). Although our study did not find a significant correlation
between age at tracheostomy and visit frequency, the literature
suggests that children who undergo tracheostomy at an early age
may be more susceptible to complications and infections (15).
This is thought to be influenced by factors such as home care
conditions, the number of devices used, and applications of
physical therapy.

Study Limitations

This study has several limitations. First, it is retrospective and
single-center, which makes it difficult to evaluate referrals from
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external centers. Additionally, some care factors are based on
subjective reports, introducing a risk of bias. However, the study’s
reliability is enhanced by its relatively large patient sample size
and five-year follow-up period.

Conclusion

In conclusion, this study revealed that a significant proportion
of children with tracheostomies frequently visit EDs, and these
visits are associated with various clinical and educational factors.
Developing comprehensive care programs, expanding caregiver
education, and providing increased home care support for this
patient group could effectively reduce healthcare utilization and
complications.
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Abstract

Aim: Contrast-induced nephropathy (CIN) is a significant complication following contrast exposure, especially in patients with acute coronary
syndrome (ACS). Inflammation plays a critical role in CIN pathogenesis. This study aimed to evaluate the prognostic value of hematologic
inflammation indices-neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR) and the
lactate-to-albumin ratio (LAR) in predicting CIN development in emergency department patients diagnosed with ACS.

Materials and Methods: This retrospective, single-center study included ACS patients who underwent contrast-enhanced imaging or percutaneous
coronary intervention between July and December 2024. Inflammatory indices were calculated from complete blood count on admission and
biochemical parameters. Patients were categorized as CIN (+) or CIN (-) based on Kidney Disease Improving Global Outcomes criteria. ROC curve
analysis was used to assess diagnostic performance.

Results: Among 814 patients, CIN developed in 89 (10.9%). Compared to the non-CIN group, patients with CIN were older (71 vs. 61 years,
p<0.001) and had significantly higher NLR (3.3 vs. 2.6, p<0.001), PLR (143 vs. 117, p=0.006), and lower LMR (2.8 vs. 3.3, p=0.016). ROC analysis
showed that age had the highest area under the curve (0.697), followed by NLR (0.615), PLR (0.590), and LMR (0.578). LMR showed the highest
sensitivity (86%), while NLR had the highest specificity (84%). LAR was not significantly associated with CIN (p=0.208).

Conclusion: Hematologic inflammation indices such as NLR, LMR, and PLR may serve as cost-effective, accessible tools for early CIN risk
stratification in ACS patients. These biomarkers may complement established clinical risk scores and assist in guiding nephroprotective

strategies in the emergency setting.
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Introduction

Acute coronary syndrome (ACS) is one of the leading causes of
cardiovascular mortality worldwide and represents a critical
clinical condition frequently encountered in emergency
departments, where diagnosis and treatment are time-sensitive.
To confirm the diagnosis of ACS and evaluate concomitant
coronary artery disease, imaging modalities involving contrast
media are often used. However, the use of intravenous contrast
agents, particularly in patients with comorbidities, increases the
risk of developing contrast-induced nephropathy (CIN), which

may result in prolonged hospital stay, increased healthcare costs,
and worsened clinical outcomes (1).

Although several clinical scoring systems have been proposed to
predict the development of CIN, many of these tools are complex
and time-sensitive, limiting their applicability in emergency
settings. As a result, there is an increasing need for practical, rapid,
cost-effective, and objective biomarkers to support timely clinical
decision-making. In this context, hematologic inflammatory
parameters derived from complete blood count (CBC) data have
gained prominence. Notably, indices such as the neutrophil-to-
lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), and
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platelet-to-lymphocyte ratio (PLR) have demonstrated prognostic
value as surrogate markers of systemic inflammation in various
cardiovascular, neoplastic, and infectious conditions (2-4).

NLR increases in response to acute inflammatory processes
due to neutrophilia and lymphocyte suppression, making it a
reliable marker of inflammation severity. Elevated NLR has been
significantly associated with the development of CIN in patients
diagnosed with ACS undergoing percutaneous interventions, and
has been identified as an independent predictor in previous
studies (5). Similarly, LMR reflects inflammatory activity through
increased monocyte levels and decreased lymphocyte counts,
both of which play pivotal roles in the regulation of immune
responses. Low LMR has been reported to be associated with
an increased risk of CIN (6). On the other hand, PLR serves as a
marker that reflects both the pro-inflammatory role of platelets
(PLTs) and the immunomodulatory function of lymphocytes.
A growing body of literature supports the correlation between
elevated PLR and adverse cardiovascular outcomes, as well as
renal dysfunction, highlighting its potential prognostic utility
(7,8).

Beyond hematologic indices, we also evaluated the lactate-to-
albumin ratio (LAR). This parameter combines two routinely
measured laboratory values: lactate, which reflects tissue
hypoperfusion and metabolic stress, and albumin, which
indicates nutritional and inflammatory status as a negative acute-
phase reactant. Considering that both markers are commonly
associated with systemic illness and organ dysfunction, we
hypothesized that LAR might also serve as a potential predictor
of CIN in patients with ACS.

In conclusion, hematologic inflammatory indices such as
NLR, LMR, and PLR, which are easily calculated, cost-free, and
widely accessible, may serve as practical tools for predicting
CIN in patients presenting to the emergency department with
ACS and undergoing contrast-enhanced procedures. Evaluating
the predictive utility of these biomarkers may facilitate more
effective risk stratification in clinical practice. The findings of
this study may contribute to the development of more informed
and preventive strategies, particularly in high-risk individuals.
Accordingly, the aim of this study is to investigate the prognostic
value of hematologic inflammatory markers, including NLR,
LMR, PLR, and the LAR, in predicting the development of CIN in
ACS patients exposed to contrast media.

Materials and Methods

Study Design and Setting

This manuscript was prepared in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology guidelines
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to ensure transparent and comprehensive reporting. The study
was designed as a single-center, retrospective, descriptive and
analytical observational study. Ethical approval was obtained from
the Clinical Research Ethics Committee of University of Health
Sciences Turkiye, Ankara Etlik City Hospital (decision number: AESH-
BADEK1-2025-174, date: 07.05.2025). The study was conducted
in accordance with the principles of the Declaration of Helsinki.
Since all participants were anonymized, informed consent was not
required.

Study Population and Definitions

The target population of this study consisted of patients who
presented to the emergency department with suspected ACS
between July 1, 2024, and December 31, 2024, whose diagnosis
was confirmed, and who underwent diagnostic or interventional
imaging with contrast media.

ACSis a cardiovascular emergency that requires prompt diagnosis
and treatment, and encompasses unstable angina pectoris,
ST-elevation myocardial infarction (STEMI), and non—STEMI, all
of which result from myocardial ischemia (9). The diagnosis of
ACS was based on clinical symptoms, electrocardiogram (ECG)
changes, and elevated cardiac biomarkers.

CIN was defined as an absolute increase in serum creatinine of
>0.5 mg/dL or a relative increase of >25% from baseline within 72
hours after contrast administration (10).

Inclusion Criteria
* Age >18 years

* Confirmed diagnosis of ACS based on clinical presentation, ECG
findings, or elevated troponin levels

» Undergoing a diagnostic or interventional procedure involving
contrast media

* Availability of serum creatinine measurements at presentation
and within 72 hours after contrast exposure

Exclusion Criteria

 Presence of active infection or clinical signs of sepsis
* History of chronic inflammatory or autoimmune disease
* Patients with acute or chronic liver disease

* Patients undergoing chronic medical treatment with steroids
or non-steroidal anti-inflammatory drugs, or with a history of
organ transplantation

 Use of systemic corticosteroids within the past 2 weeks

* Exposure to contrast media within the past 2 weeks
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* History of infection within the past 2 weeks (e.g., respiratory
tract infection, urinary tract infection, dental abscess, etc.)

* History of hematologic malignancy or immunosuppressive
therapy

 Patients undergoing emergency surgical procedures

* Presence of pre-existing renal failure prior to contrast
administration (eGFR <30 mL/min/1.73 m?)

» Patients who received nephroprotective agents such as
N-acetylcysteine prior to contrast exposure

* Cases with missing laboratory data

 Patients with multiple exposures to contrast media within 24
hours

» Patients without serum creatinine re-evaluation within 72
hours after contrast administration

* Pregnant patients

Data Collection

Within the specified study period, patients presenting to the
emergency department were screened using ICD-10 codes
to identify those diagnosed with ACS. Among these, patients
that underwent contrast-enhanced imaging procedures were
selected. Data were retrospectively retrieved from the hospital
information management system. Variables evaluated in
the study included demographic, clinical, hematologic, and
biochemical parameters. Demographic data included age and
sex. Clinical variables comprised heart rate, presence of STEMI,
anemia, diabetes mellitus (DM), hypertension (HT), and prior
history of percutaneous coronary intervention (PCl). Cardiac
rhythm was documented using a standard 12-lead ECG.

In the hematologic evaluation, CBC data were used to assess
hemoglobin (HGB), PLT count, mean PLT volume, neutrophil,
lymphocyte, and monocyte levels. From these parameters, LMR,
NLR, and PLR were calculated.

For the biochemical evaluation, serum glucose, creatinine,
albumin, and lactate levels were recorded, and LAR was calculated
accordingly. Venous blood samples were obtained within 10
minutes of presentation to the emergency department and prior
to coronary angiography. Hematologic parameters, including
monocyte, lymphocyte, and neutrophil counts, and HGB, were
analyzed within 30 minutes of sampling using an automated
hematology analyzer. Biochemical analyses-including creatinine,
lactate, albumin, and glucose levels-were performed using
standard laboratory techniques. These laboratory results were

documented for all patients. Serum creatinine was re-measured
in all patients within 72 hours following contrast exposure.

CIN was evaluated according to the diagnostic criteria defined
by the Kidney Disease Improving Global Outcomes guidelines.
Accordingly, patients who demonstrated an absolute increase in
serum creatinine of >0.5 mg/dL, or a relative increase of >25%
from baseline within 72 hours following contrast administration,
were classified as CIN-positive; those who did not meet these
thresholds were categorized as CIN-negative.

To ensure patient confidentiality, all data were processed in a de-
identified format. A unique code was assigned to each individual,
and personally identifiable information was excluded from the
analysis. Missing data were checked on a variable-by-variable
basis. Patients with any missing clinical or laboratory parameters
were excluded from the study in accordance with the predefined
exclusion criteria.

To ensure data accuracy, parallel data entry was performed
independently by two researchers. A random 10% sample was
selected for cross-checking. Inconsistent entries were verified
and corrected through re-examination of the hospital database.

The data collection process was coordinated by the principal
investigator (V.S.) and all clinical, laboratory, and diagnostic
variables were systematically compiled according to the
predefined data collection protocol.

Statistical Analysis

All statistical analyses were performed using SPSS version 27.0
(IBM Corp., Armonk, NY, USA) and Jamovi version 2.5.7 software.
Descriptive statistics for categorical variables were presented as
frequencies and percentages, while continuous variables were
expressed as medians with [interquartile ranges (IQR), 25™"-
75" percentiles)]. The normality of distribution for continuous
variables was assessed using the Kolmogorov—Smirnov test and
histogram analysis.

Comparisons of categorical variables were conducted using the
chi-squaretest. For continuousvariableswith normal distribution,
the Student’s t-test and Welch’s t-test were used depending on
the homogeneity of variance, which was evaluated by Levene’s
test. The Mann—Whitney U test was employed for comparing
non-normally distributed continuous variables.

To assess the predictive performance of inflammatory indices
for CIN, ROC curve analysis was conducted. From this analysis,
threshold values, sensitivity, specificity, positive predictive
value, negative predictive value (NPV), positive likelihood ratio,
and negative likelihood ratio were calculated. The Youden
index was used to determine the optimal cut-off points.

221



Siber et al. Inflammatory Indices Predicting CIN in ACS

Eurasian | Emerg Med.
2025;24(3): 219-27

The Delong test was applied to compare the diagnostic
performance [area underthe curve, (AUC)] of different biomarkers.
A p value of <0.05 was considered statistically significant.

Results

A total of 1.326 patients were initially identified based on ICD-
10 codes. Of these, 398 patients were excluded due to missing
data. The remaining 928 patients were evaluated for eligibility.
Subsequently, patients were excluded for the following reasons:
history of contrast media exposure within the past two weeks
(n=6); liver disease (n=8); pre-existing renal failure prior to
contrast administration (n=13); lack of follow-up creatinine
measurement within 72 hours (n=57); multiple exposures to
contrast media within 24 hours (n=11); active infection or
a history of infection within the past two weeks (n=19). After
applying these exclusion criteria, a total of 814 patients were
included in the final analysis (Figure 1).

The median age of the participants was 62 years (IQR: 53-71),
and 72.4% were male. The most common comorbidity was HT,
observed in 52.9% of patients, followed by DM (38.1%), history
of PCl (33.7%) and anemia (7.9%). CIN developed in 10.9%
of patients. Additionally, 16.5% of the study population was
diagnosed with STEMI (Table 1).

The median age of patients who developed CIN was significantly
higher than those who did not (p<0.001). HT was more prevalent
among patients with CIN (74.2%) than those without CIN (50.3%)

Table 1. Distribution of patients’ demographic characteristics,
comorbidities, laboratory parameters, and clinical features
Age, years, median (IQR) 62 (53-71)

Sex, n (%)

Male 589 (72.4%)
Female 225 (27.6%)
Hypertension, n (%) 431 (52.9%)
Diabetes mellitus 310 (38.1%)
Anemia 64 (7.9%)

History of PCl 274 (33.7%)

Heart rate, median (IQR) 76 (66-89)
Laboratory parameters, median (IQR)

Hemoglobin, g/dL 14.4 (12.9-15.5)
Platelet, 109/L 255 (214-300)
Neutrophil, 109/L 5.8 (4.5-7.8)
Lymphocyte, 109/L 2.1(1.5-2.8)
Monocyte, 109/L 0.67 (0.52-0.83)
Mean platelet volume, fL 10.3 (9.7-11.0)
Blood glucose, mg/dL 130 (104-182)
Creatinine, mg/dL 0.94 (0.81-1.11)
Post-anjio creatinine, mg/dL 0.93 (0.79-1.10)
Lactate, mmol/L 1.7(1.3-2.4)
Albumin, g/L 40 (38-43)

Lactate / albumin ratio 43 (3.3-5.9)

LMR 33 (2.4-4.4)

NLR 2.7 (1.8-4.3)

PLR 119 (89-163)

CIN, n (%) 89 (10.9%)

STEMI, n (%) 134 (16.5%)

IQR: Interquartile range, PCl: Percutaneous coronary intervention, NLR: Neutrophil-
to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, LMR: Lymphocyte-
to-monocyte ratio, CIN: Contrast-induced nephropathy, STEMI: ST-elevation
myocardial infarction

ICD-10 codes) — n=1326

Total number of patients initially identified (based on

Patients excluded due to missing data
— n=398

y

Patients evaluated for eligibility
— n=928

:

History of contrast media exposure within the past
two weeks — n=6

Liver disease — n=8

Pre-existing renal failure prior to contrast
administration — n=13

Without follow-up creatinine measurement within
72 hours — n=57

Multiple exposures to contrast media within 24
hours — n=11

Active infection or a history of infection within
the past two weeks — n=19

Total number of patients included in the study
— n=814

Figure 1. Patient flow diagram
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(p<0.001). Additionally, a prior history of PCl was significantly
more common in the CIN group (p=0.017) (Table 2).

Median heart rate was higher in patients with CIN (p=0.020).
HGB levels were significantly lower in the CIN group (p=0.010),
while PLT was lower (p=0.029) (Table 2).

Patients with CIN had significantly lower lymphocyte counts
(p<0.001) and higher blood glucose levels (p=0.014). Both
baseline and post-procedural creatinine levels were significantly
elevated in the CIN group (Table 2).

The albumin level was slightly lower in the CIN group (p=0.019).
Moreover, LMR, NLR, and PLR were significantly higher in patients
who developed CIN (LMR: p=0.016; NLR: p<0.001; PLR: p=0.006)
(Table 2).

Diagnostic Accuracy of Age, NLR, PLR, and LMR in Predicting
CIN

Asshown in Table 3, the cut-off values determined for predicting
CIN were >64 for age, >5.2 for NLR, >137 for PLR, and <2.0 for
LMR. Among these, age had the highest AUC: 0.697, followed

by NLR (AUC: 0.615), PLR (AUC: 0.590), and LMR (AUC: 0.578)
(Figure 2).

Notably, LMR demonstrated the highest sensitivity [(86%; 95%
confidence interval (Cl): 83-88)], although its specificity remained
low (29%; 95% Cl: 20-40). In contrast, NLR showed the highest
specificity (84%; 95% Cl: 81-86) with relatively low sensitivity (36%;
95% Cl: 26-47). NPV were consistently high across all markers,
ranging from 0.91 to 0.95 (Table 3).

Pairwise comparisons using the Delong test revealed that the
predictive accuracy of age was significantly superior to that of
NLR (AUC difference = 0.082; 95% Cl: 0.001-0.163; p=0.046), PLR
(AUC difference = 0.107; 95% Cl: 0.031-0.183; p=0.006), and LMR
(AUC difference = 0.119; 95% Cl: 0.044-0.194; p=0.002) (Table 3).

These results indicate that while age exhibited the best overall
discriminatory performance, LMR, and NLR may also serve as
supplementary inflammatory markers in predicting the risk of
CIN.

Table 2. Association of patients’ demographic characteristics, comorbidities, laboratory parameters, and clinical features with the
development of CIN

CIN+ (n=89) CIN- (n=725) p value
Age, years, median (IQR) 71 (64-76) 61 (52-70) <0.0011™"
Sex, n (%)
Male 58 (65.2%) 58 (65.2%) 01082
Female 31 (34.8%) 31 (34.8%) '
Comorbidities, n (%)
Hypertension, n (%) 66 (74.2%) 365 (50.3%) <0.0012""
Diabetes mellitus 37 (41.6%) 273 (37.7%) 0.4732
Anemia 8 (9.0%) 56 (7.7%) 0.6762
History of PCI 40 (44.9%) 234 (32.3%) 0.0172"
Heart rate, median (IQR) 81 (70-93) 75 (66-88) 0.0203"
Laboratory parameters, median (IQR)
Hemoglobin, g/dL 13.4 (11.7-15.2) 14.4 (13.1-15.6) 0.0101"
Platelet, 109/L 234 (194-293) 257 (215-302) 0.0291"
Neutrophil, 109/L 6.1(4.8-8.4) 5.8 (4.5-7.7) 0.0873
Lymphocyte, 109/L 1.7 (1.2-2.6) 2.1(1.6-2.9) <0.0013""
Monocyte, 109/L 0.67 (0.51-0.79) 0.67 (0.52-0.84) 0.2703
Mean platelet volume, fL 10.4 (9.8-11.0) 10.3(9.7-11.0) 0.2891
Blood glucose, mg/dL 152 (114-210) 129 (103-181) 0.0143"
Creatinine, mg/dL 1.07 (0.94-1.40) 0.93 (0.80-1.09) <0.0013""
Post-anjio creatinine, mg/dL 1.43(1.21-1.87) 0.91(0.78-1.05) <0.0013""
Lactate, mmol/L 1.7 (1.4-2.5) 1.7(1.3-2.3) 0.4153
Albumin, g/L 41 (38-42) 41 (38-43) 0.0193"
Lactate / albumin ratio 4.3 (3.5-6.6) 4.3 (3.3-5.6) 0.2083
LMR 2.8(1.8-4.1) 3.3(2.5-4.5) 0.0163"
NLR 3.3(2.0-6.9) 2.6 (1.7-4.1) <0.0013""
PLR 143 (101-203) 117 (88-159) 0.0063™
STEMI, n (%) 14 (15.7 %) 120 (16.6 %) 0.8442
Statistical comparisons were made using the independent samples t-test', chi-square test’, and Mann—Whitney U test' as appropriate. “"p<0.001, “p<0.01, "p<0.05
IQR: Interquartile range, PCl: Percutaneous coronary intervention, CIN: Contrast-induced nephropathy, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio,
LMR: Lymphocyte-to-monocyte ratio, STEMI: ST-elevation myocardial infarction
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Table 3. Cut-off values for age, NLR, PLR and LMR in predicting CIN

Cut- | AUC SEN SPE PPD NPD +LR ‘LR

off (95% CI) (95% Cl) (95% CI) (95% CI) (95% CI) (95% 1) (95% Cl)
Age |>64 | 0.697 (0.642-0.753) | 0.78(0.67-0.86) | 0.58 (0.55-0.62) |0.19(0.17-0.21) | 0.95(0.93-0.97) | 1.9(1.6-2.1) | 0.4 (0.3-0.6)
NLR | >5.2 | 0.615(0.550-0.680) | 0.36(0.26-0.47) |0.84 (0.81-0.86) | 0.21(0.16-0.27) | 0.91(0.90-0.93) |2.2(1.6-3.1) | 0.8(0.6-0.9)
PLR | >137 |0.590 (0.523-0.657) | 0.55 (0.44-0.66) | 0.65(0.60-0.67) | 0.16(0.13-0.19) | 0.92(0.90-0.94) |1.5(1.2-1.9) | 0.7 (0.5-0.9)
LMR | <2.0 |0.578(0.513-0.643 | 0.86 (0.83-0.88) | 0.29(0.20-0.40) | 0.91(0.90-0.92) | 0.20(0.15-0.27) |1.2(1.1-14) | 0.5(0.3-0.7)

CIN: Contrast-induced nephropathy, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, LMR: Lymphocyte-to-monocyte ratio, AUC: Area under the curve,
PPV: Positive predictive value, NPV: Negative predictive value, SEN: Sensitivity, SPE: Specificity, +LR: Positive likelihood ratio, -LR:Negative likelihood ratio, NPD: New predictive

determinant, PPD: Pre-procedural data, Cl: Confidence interval
Delong test pairwise comparisons results

Age vs NLR: AUC Difference =0.082 (%95 Cl: 0.001, 0.163), p=0.046
Age vs PLR: AUC Difference =0.107 (%95 Cl: 0.031, 0.183), p=0.006
NLR vs PLR: AUC Difference =0.025 (%95 Cl: -0.020, 0.069) p=0.278
Age vs LMR: AUC Difference =0.119 (%95 Cl: 0.044, 0.194) p=0.002
NLR vs LMR: AUC Difference =0.037 (%95 Cl: -0.015, 0.088) p=0.165

ROC Curve
10
Source of the
Curve
— AGE
0.8 —NLR
——PLR
—LMR
— Reference Line
06
£
>
B8
[}
c
[
D o4
02
0,0
0,0 02 04 06 08 10

1 - Specificity

Figure 2. ROC curves of age, NLR, PLR and LMR in predicting CIN

ROC: Receiver operating characteristic, NLR: Neutrophil-to-lymphocyte ratio, LMR: Lymphocyte-to-monocyte ratio, PLR: Platelet-to-

lymphocyte ratio, CIN: Contrast-induced nephropathy

Discussion

In this retrospective observational study, we evaluated the
prognostic utility of NLR, LMR, PLR, and LAR in predicting the
development of CIN in patients diagnosed with ACS and exposed
to contrast media in the emergency department setting.
According to our findings, elevated NLR and PLR levels, as well
as decreased LMR values, were significantly associated with the
development of CIN. Moreover, among all evaluated parameters,
age was identified as the strongest independent predictor.

CIN is a significant iatrogenic complication, particularly among
individuals with cardiovascular comorbidities. It is believed to
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develop through mechanisms such as impaired renal perfusion,
inflammation, and oxidative stress (11,12). This underlying
pathophysiology supports the rationale for using inflammatory
biomarkers as potential predictors of CIN.

In this context, NLR, which can be easily calculated from routine
(BC parameters, has emerged as a widely used and practical
marker of systemic inflammation in clinical practice. Previous
studies have reported that NLR is independently associated with
the development of CIN in patients who experience myocardial
infarction and undergo PCl (3,13,14). Consistent with these
findings, our study also demonstrated a significant association
between elevated NLR levels (>5.2) and CIN development (13,15).
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Notably, the high specificity (84%) and NPV (91%) observed in
our analysis suggest that patients with low NLR values are at a
considerably lower risk for CIN.

LMR reflects both the cellular and immunologic aspects of the
inflammatory response by indicating monocyte elevation and
lymphocyte suppression. Previous evidence has shown that
low LMR levels are associated with various clinical conditions,
including sepsis, cardiovascular disease, and chronic kidney
disease (6,16,17). In our study, an LMR threshold of <2.0
demonstrated high sensitivity (86%) for predicting CIN, suggesting
that LMR may serve as a valuable screening tool for identifying
patients at high risk for CIN.

PLR serves as a biomarker positioned at the intersection of
inflammation and thrombosis, as it reflects both the pro-
inflammatory activity of PLTs and the immunoregulatory
function of lymphocytes (18). In our study, a PLR value greater
than 137 was found to be significantly associated with the
development of CIN. This finding is consistent with previous
literature demonstrating the association of elevated PLR with
cardiovascular mortality and renal injury (19-21).

LAR, which has been increasingly used in the literature as a
prognostic biomarker for mortality in sepsis and critically ill
patients (22-24), was not found to be significantly associated with
CIN development in our study. This discrepancy may be attributed
to the relatively lower degree of systemic inflammation in ACS
patients compared to more severe inflammatory conditions such
as sepsis.

Another important factor influencing the development of
CIN is the variability in contrast media exposure between
diagnostic and interventional coronary procedures. While
diagnostic coronary angiography usually involves relatively low
volumes, interventional procedures such as PCl typically require
substantially higher amounts, particularly in complex or multi-
vessel interventions. Since our study did not include standardized
data on the type or amount of contrast administered, this
procedural heterogeneity may have contributed to CIN risk and
should be acknowledged as a limitation.

According to the ROC analysis, age demonstrated the highest
AUC: 0.697 when compared to hematologic indices such as
NLR, LMR, and PLR. The association between advanced age and
increased CIN risk may be explained by age-related physiological
changes, including a decline in glomerular filtration rate,
heightened susceptibility to oxidative damage, and endothelial
dysfunction-all of which contribute to age as an independent
and significant risk factor for CIN (25,26).

Although the AUC values of NLR, PLR, and LMR reached statistical
significance, their relatively low magnitude restricts their
discriminatory power. Therefore, these indices alone are unlikely
to substantially influence clinical decision-making. Rather,
they should be interpreted as adjunctive markers, supporting
established risk scores such as the Mehran score, to improve the
overall accuracy of CIN risk prediction.

Our findings suggest that hematologic parameters such as
NLR, LMR, and PLR may contribute to CIN risk stratification in
clinical practice. These biomarkers offer several advantages,
including wide availability, low cost, repeatability, and ease of
calculation. However, relying solely on these indices for clinical
decision-making is insufficient. Instead, they should be used
as complementary tools alongside established risk prediction
models, such as the Mehran score, to enhance the accuracy of
CIN risk assessment (11).

Nevertheless, the retrospective and single-center nature of
our study restricts external validity, and the findings should be
interpreted with caution when applied to different populations
or healthcare settings.

Study Limitations

Although this study possesses several strengths, certain
limitations should be acknowledged. First, its retrospective
and single-center design restricts the ability to establish causal
relationships and limits the generalizability of the findings
to wider populations. Second, hematologic inflammatory
parameters were measured only once at the time of
emergency department admission, whereas inflammation is a
dynamic process; therefore, the lack of serial measurements
may have reduced the prognostic value of these biomarkers.
Third, despite excluding patients with active infection,
chronic inflammatory disease, or recent corticosteroid use,
the possibility of subclinical inflammation or other systemic
processes could not be entirely ruled out. Finally, details
regarding nephroprotective interventions, hydration protocols,
contrast agent type, and dose, and other procedural factors
were not standardized or fully recorded, and these uncontrolled
variables may have acted as potential confounders influencing
CIN development. Similarly, the type and volume of contrast
media varied across diagnostic and interventional procedures,
with the latter typically requiring substantially higher contrast
doses. This lack of standardization limited our ability to
assess the impact of contrast exposure in detail and may have
influenced the incidence of CIN.

225



Siber et al. Inflammatory Indices Predicting CIN in ACS

Eurasian | Emerg Med.
2025;24(3): 219-27

Conclusion

In conclusion, hematologic inflammation indices such as
NLR, LMR, and PLR may serve as useful adjuncts in predicting
CIN in patients with ACS. While age emerged as the strongest
independent predictor, these indices may contribute to early
risk stratification and help guide the implementation of
nephroprotective strategies in clinical practice.
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Abstract

Aim: The corn poppy is often consumed as a herbal tea, believed to have various health benefits in traditional medicine; it is especially
commonly consumed as food in Anatolia. The aim of this study is to assess the clinical features of patients who presented to the emergency
department due to corn poppy poisoning, evaluate the duration of admission, lactate levels, and length of hospital stay, and investigate their
effects on prognosis.

Materials and Methods: This retrospective study included 15 patients divided into two groups: mildly symptomatic (n=8) and severely
symptomatic (n=7). Gastrointestinal, neurological, and cardiac symptoms, latency time between ingestion and symptom onset, lactate levels,
and hospitalization duration were compared. Inferential statistical analyses were performed using Fisher’s exact test for categorical variables,
such as time to presentation category and hospital stay length category, due to the small sample size. The Mann-Whitney U test was applied
for comparisons of symptom scores between groups. A p value of <0.05 was considered statistically significant.

Results: Severe cases exhibited frequent gastrointestinal and both mild and severe neurological symptoms, but no cardiac manifestations. In
contrast, mild cases presented earlier, had lower lactate levels, and shorter hospital stays. Severe neurological symptoms and elevated lactate
levels were significantly associated with poor prognosis.

Conclusion: Corn poppy poisoning can present emergency services. This study also suggests that toxicity severity may not solely depend on
the quantity ingested but also on the plant’s developmental stage. Public and healthcare providers’ awareness of the potential toxicity of
traditionally used plants like Papaver rhoeas should be increased.

Keywords: Papaver rosea, poisoning, traditional medicine, emergency

Introduction

Papaver rhoeas, commonly known as corn poppy, is widely
cultivated in Tirkiye and used in folk medicine for ailments such
as cough, insomnia, and gastric discomfort (1,2). In addition,
depending on the climate conditions, poppies emerge in March
or April and bloom within 1-2 months. (Figure 1.)

The use of plants for healing purposes is as common as the
consumption of fresh herbs as food, especially in the spring
months in Anatolia (3).

Despite its perceived harmlessness due to its herbal origin, the
plant contains alkaloid compounds capable of producing toxic
effects, particularly on the central nervous and gastrointestinal

systems. Cardiac involvement has also been reported in some
cases (4,5). Alkaloid components, when taken in excessive doses,
can cause depression, especially with a sedative effect on the
central nervous system; this may manifest as nausea, vomiting,
changes in consciousness, convulsions, and miotic pupils (6). In
addition, it has been reported in emergency department cases
that this plant can produce anticholinergic and antidopaminergic
effects, resulting in symptoms similar to acute anticholinergic
syndrome (such as irritation, agitation, hypertension, tachycardia,
muscle twitching) (7).

The increasing popularity of herbal products and the general
assumption that “natural” means safe may contribute to their
misuse, particularly in rural populations. Existing literature
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Figure 1. Poppy Grass and- Poppy flower

on corn poppy toxicity primarily includes pediatric case
reports (8).

However, its potential to cause severe toxic effects in adults has
also been noted. Lactate levels have been reported as prognostic
indicators in poisoning cases, although studies specifically
addressing this in Papaver rhoeas poisoning are scarce (9,10).
This study aims to contribute to the literature by analyzing the
symptom profiles, time of presentation, lactate levels, and length
of hospital stay in adult patients with corn poppy poisoning and
examining their relationship with clinical severity.

Materials and Methods

The retrospective study was intended to be conducted at
the emergency department of a tertiary care training and
research hospital between January 2024 and May 2025. A
total of 15 patients who were diagnosed with Papaver rhoeas
(corn poppy) poisoning were included. All patients had
consumed the poppy flower either as herbal tea for health
or as a food by adding the flower’s leaves into their meals
before the onset of symptoms. Clinical records and laboratory
results were obtained from the hospital’s digital archive.
Patients were categorized into two groups based on the
severity of symptoms: mildly symptomatic (n=8) and
severely symptomatic (n=7). The mild group included
cases presenting with gastrointestinal symptoms or mild
neurological manifestations, while the severe group consisted
of patients exhibiting serious neurological symptoms
such as seizures, convulsions, or loss of consciousness.
The following parameters were evaluated: gastrointestinal,
neurological, and cardiac symptoms; latency between ingestion

and symptom onset (<1 hour vs. >1 hour); serum lactate level
(<2 mmol/L vs. >2 mmol/L); and length of hospital stay (<48
hours vs. >48 hours).

The study was approved by the local ethics committee of
University of Health Sciences Turkiye Konya City Hospital
(desicion number: 11-67, date: 12.06.2025).

Statistical Analysis

The data analysis was performed using the IBM SPSS Statistics
21.0 (IBM Corp, Armonk, N.Y., USA) software package. Descriptive
statistics were used, and Fisher's exact test was performed for
categorical variables due to the small sample size. The Mann-
Whitney U test was applied for comparisons of symptom scores
between groups. A p value of <0.05 was considered statistically
significant. Group comparisons were visualized graphically.

Results

The median age of the participants in the study was 60 (Q1=44,
Q3=69); with 66.67% (n=10) being female and 33.33% (n=5)
being male.

Among the 15 patients included in the study, 8 were classified as
mildly symptomatic and 7 as severely symptomatic. The findings
suggest that the toxic effects of corn poppy primarily involve
the central nervous and gastrointestinal systems in severe
cases, with limited cardiac involvement (Figure 2). Patients
in both groups had no predisposing diseases in their history.
Symptom distribution, time to presentation, lactate levels,
and hospitalization durations are summarized below (Table 1).
In the severe group, gastrointestinal symptoms, as well as mild and
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severe neurological symptoms, were frequently observed, while
no cardiac symptoms were documented. Time to presentation
(p=0.041), serum lactate levels (p=0.033), and length of hospital
stay (p=0.037) demonstrated statistically significant differences
between the patient groups. Patients in this group, who were
classified as severe, presented later (>1 hour after ingestion),
having elevated lactate levels (>2 mmol/L), and experiencing
longer hospitalizations (>48 hours) (Figure 3).

In contrast, symptom scores exhibited a markedly stronger
distinction between the groups (p=0.002). Patients in this
group were classified as mild, were presented earlier (<1 hour),
had lower lactate levels (<2 mmol/L), and required shorter
hospitalization (<48 hours). The presence of severe neurological
symptoms and high lactate levels was strongly associated with
poor prognosis (Figure 4).

Discussion

This study represents one of the few clinical analyses evaluating
symptom severity, time to presentation, lactate levels, and
hospitalization duration in patients admitted to the emergency
department with Papaver rhoeas (corn poppy) poisoning. The
findings suggest that, contrary to its common perception as a
harmless herbal remedy, corn poppy may lead to significant
toxicity (11). Most patients in the severe group presented with
prominent neurological symptoms, which can be attributed
to the isoquinoline alkaloids found in Papaver species that
affect the central nervous system. The high frequency of
gastrointestinal symptoms in both mild and severe groups

Comparison of Symptom Scores

8 o~ Mild
—e— Severe

®
S 4
(2]
3
2
1
0 L 1 1 I
Gastrointestinal Mild Neurological Severe Neurological Cardiac
Symptoms Symptoms Symptoms Symptoms
Symptom
Figure 2. Comparison of symptom scores
Table 1. Comparative analysis of patient groups
Time to presentation (<1 h vs >1 h) p value=0.041
Lactate level (<2 vs >2) p value=0.033
Hospital stay (<48h vs >48h) p value=0.037
Total symptom score (mild vs severe) p value=0.002
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indicates systemic toxicity. Interestingly, cardiac symptoms
were observed only in a few mild cases and were absent in
the severe group (12-15). Late presentation (>1 hour post-
ingestion) and elevated serum lactate levels (>2 mmol/L) were
significantly associated with severe poisoning. This aligns with
previous literature emphasizing the prognostic value of lactate
in various toxicological conditions. In our study, high lactate
levels were correlated with longer hospital stays and more
severe neurological manifestations, highlighting their clinical
utility for early risk stratification in corn poppy toxicity (16,17).
While most existing reports on corn poppy poisoning are isolated
case studies, this study provides a comparative clinical analysis of
adult patients. Another notable observation was that the majority
of cases occurred during early spring (late March to early May),
corresponding with the early sprouting phase of the plant before
flowering. Traditional beliefs suggest that corn poppy should
be consumed before blooming, which may have a biochemical
basis: toxic alkaloid concentrations could vary depending on the
plant’s developmental stage (18). This hypothesis is supported
by analogies to mushroom toxicity, in which biochemical

Comparison of Presentation and Hospitalization Time
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Figure 3. Comparison of presentation and hospitalization time

Relationship Between Lactate Level and Case Severity
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Figure 4. Relation between lactate level and case severity
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composition changes with growth phases. Future prospective
studies should investigate the phytochemical profile of Papaver
rhoeas across different growth stages (e.g., sprouting, flowering,
and seed phases) to identify the specific compounds responsible
for toxicity. Chromatographic and molecular analyses performed
in university-based botany and pharmacognosy laboratories
could provide valuable contributions to the scientific literature.

Study Limitations

The limited number of cases in our study can be attributed to the
seasonal variability of the poppy flower, which affects both its
availability and the clinical presentation of related toxicological
cases. Although some variables reached statistical significance,
the small sample size limits the generalizability and power of
the results. There is no specific test to determine the severity of
Papaver rhoeas poisoning.

Conclusion

Although rare, corn poppy poisoning can lead to serious
clinical manifestations in  emergency settings. Delayed
presentation, elevated lactate levels, and neurological
symptoms are key indicators of poor prognosis. The public
perception that herbal products are inherently safe must be
re-evaluated, and healthcare professionals should be educated
about the potential toxicity of traditional medicinal plants.
This study also suggests that toxicity severity may not solely
depend on the quantity ingested but also on the plant’s
developmental stage. Milder symptoms were typically observed
with early spring consumption (pre-bloom), while more severe
outcomes were associated with ingestion closer to the flowering
stage. Future research should focus on chemical analyses of
the plant at various growth stages to determine which phases
present increased toxicological risks.
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Dear Editor,

| read the article titled effect of cross-industry standard process
for data minin (CRISP) method training on electrocardiography
(ECG) diagnosis skills of prehospital medical services personnel by
Ekici et al. (1) with great interest, and | would like to address some
points that merit more attention. ECG assessment is an important
aspect in prehospital care. Unfortunately, many healthcare
personnel have limited knowledge of ECG, and they should
receive regular training in order to detect fatal and emergency-
related ECG changes (2).

In their study, Ekici et al. (1) evaluated the effectiveness of the
CRISP method and divided the study population into control and
experimental groups. The analysis showed that the CRISP method
was more successful in recognizing sinus rhythm, supraventricular
tachycardia, atrial fibrillation, second-degree Mobitz type-1, and
Mobitz type-2 atrioventricular blocks. However, no statistically
significant difference was found between the two groups for sinus
bradycardia, second-degree Mobitz type-2 atrioventricular block,
atrial flutter, third-degree atrioventricular block, ventricular
tachycardia, ventricular fibrillation, and asystole. Studies
have shown that third-degree atrioventricular block, pulseless
ventricular tachycardia, and ventricular fibrillation are among
the leading causes of sudden cardiac death, and that a quick
diagnosisand initiation of treatment are crucial (3,4). The fact that

the CRISP method did not show superiority in these conditions
can be considered a limitation of the study in terms of evaluating
prehospital emergency cases.

Moreover, the ischemic findings such as ST-segment elevation and
depression, which should be quickly identified in prehospital ECG,
were not evaluated in the study by Ekici et al. (1). As mentioned
in the introduction of the study, early detection of acute cardiac
ischemic conditions in the prehospital setting is important for
ensuring appropriate hospital transfer and facilitating rapid
cardiac catheterization (5). If the study had included evaluations
of ST-segment changes in the ECG, it could have contributed more
meaningfully to the literature and yielded more appropriate
results.

Using traditional or contemporary methods, providing ECG
training to healthcare personnel working in prehospital medical
services at regular intervals will automatically improve their ECG
assessment capabilities.
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on models in the afternoon, and participants who pass the exam at the end of the course will be given a

“Certificate of Achievement" valid for 3 years.
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Emergency Physicians Association of Turksy

Adres: Guleryliz Sok. Emek Apt. No:26/19 Y. Ayranci / Cankaya / Ankara
T:0312 42612 14 - F: 0312 426 12 44

o@a'uderl999 & eatuderorg @muder_epm o@a'uderl999 @info@owdenorg-" G'Uder-ofg-"




EMERGENCY MEDICINE
IS OUT NOW!

EMERGENCY MEDICINE BASIC CONSULTING BOOK
WITH THE SUPPORT OF ISTANBUL TIP KITABEVLERI

:.|?
T

. -
di) WO

www.istanbultip.com.tr



Critical Care
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