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Climate change describes long-term changes in global
temperatures and weather patterns. Although natural
factors such as solar variability and volcanic activity can
influence the climate, the rapid warming observed since
the 19* century is largely the result of human activities. The
burning of fossil fuels for energy, transport, and industry has
increased atmospheric concentrations of greenhouse gases
such as carbon dioxide and methane, which trap heat and
raise global temperatures. Deforestation, agriculture, and oil
and gas production further contribute to these emissions (1).

There is now broad scientific consensus that human
activity has been the dominant driver of global warming
over the past two centuries. The Earth’s average surface
temperature is approximately 1.4 °C higher than in the
pre-industrial era, and the most recent decade has been
the warmest on record. Importantly, climate change is not
only about temperature increase. Because the climate
system is interconnected, warming influences water cycles,
ecosystems, and extreme weather patterns, leading to
droughts, water scarcity, wildfires, sea-level rise, floods,
melting ice, stronger storms, and biodiversity loss.

The scientific foundation for understanding this
process was strengthened by the early atmospheric carbon
dioxide measurements of Charles David Keeling, which
clearly demonstrated a continuous rise in greenhouse gas
concentrations. Based on such evidence, global climate
governance developed under the umbrella of the United
Nations through key agreements, including the 1992 United
Nations Framework Convention on Climate Change, the
1997 Kyoto Protocol, and the 2015 Paris Agreement. These
frameworks, supported by the Intergovernmental Panel on
Climate Change Assessment Reports, provide the legal and
scientific basis for international mitigation and adaptation
efforts (2-4).

In addition to climate-specific agreements, the United
Nations incorporated climate action into the broader
2030 Agenda for Sustainable Development. Among the 17
Sustainable Development Goals, Goal 13 directly addresses
climate change, while other goals—such as clean energy,
sustainable cities, responsible consumption and production,
and protection of terrestrial and marine ecosystems—
reinforce an integrated approach linking environmental
protection, economic development, and social equity (5,6).

Sustainability itself, as defined in the 1987 Brundtland
Report, refers to development that meets present needs
without compromising the ability of future generations
to meet their own. In practical terms, it requires a careful
balance between environmental protection, social fairness,
and economic viability. Growth and well-being cannot be
considered sustainable if natural systems are degraded or
inequalities are deepened (7).

Against this global background, it is important
to recognize that the healthcare sector is not
environmentally neutral. Healthcare activities are
estimated to account for approximately 4-5% of global
greenhouse gas emissions. Energy-intensive hospital
operations, procurement of medical technologies and
pharmaceuticals, transportation, and complex supply
chains all contribute to this footprint. Hospitals operate
continuously and depend heavily on heating, cooling,
ventilation, sterilization, and diagnostic systems.
Reducing the carbon footprint of healthcare therefore
requires systematic improvements in energy efficiency,
sustainable procurement, waste reduction, and the
integration of lower-carbon technologies in both clinical
and laboratory settings (8).

Research and clinical laboratories are central to patient
care and scientific progress, yet their environmental impact
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is often underestimated. Continuous operation, strict
ventilation requirements, refrigeration systems, automation
platforms, and the widespread use of single-use materials
result in high electricity and water consumption, as well as
substantial plastic and chemical waste. When procurement,
diagnostics, pharmaceuticals, and supply chain emissions
are included, the overall footprint of laboratory services
becomes significant (9).

Recognizing this,professional organizations in laboratory
medicine have begun to address sustainability more
explicitly. In Europe, the European Federation of Clinical
Chemistry and Laboratory Medicine promotes the transition
toward greener laboratory practices in alignment with the
European Green Deal, while maintaining quality and patient
safety (10). At the global level, the International Federation
of Clinical Chemistry and Laboratory Medicine works to
identify high-quality scientific evidence, develop practical
recommendations for laboratories in both developed and
developing countries, support education, and advance
human biomonitoring related to environmental exposures
(11). These initiatives underline that laboratory medicine
has a responsibility not only to ensure analytical excellence
but also to consider its environmental consequences.

A first step toward sustainability in laboratories is
understanding and measuring their carbon footprint. This
includes evaluating emissions associated with electricity
consumption, heating and cooling systems, equipment use,
purchased goods, and waste streams. In most laboratories,
energy demand is the largest contributor, particularly due
to ventilation systems, refrigeration units, and continuous
instrument operation. Water consumption in cooling and
washing processes also represents a substantial resource
burden (7).

From a chemical perspective,safer-by-design approaches
aim to reduce hazardous substances at the planning stage of
experiments and diagnostic procedures. In today’s complex
chemical environment, humans are exposed to numerous
synthetic compounds throughout life—an exposure pattern
often described by the concept of the exposome, which
links environmental chemicals to measurable biological
effects. Appropriate segregation, handling, and treatment of
hazardous and liquid chemical waste are therefore essential
to protect both environmental and occupational health (7).

Sustainability also involves reducing material use,
limiting dependence on single-use plastics, and applying
lifecycle thinking to laboratory operations. Procurement
decisions that prioritize durability, energy efficiency, and
lower environmental impact contribute meaningfully
to long-term improvements. Industry partners and
suppliers likewise play a role by improving production

standards and transparency. Ultimately, meaningful change
requires institutional leadership, a culture that values
environmental responsibility, and structured education
that equips laboratory professionals with the knowledge
and skills needed to implement sustainable practices.
Emissions related to professional travel for conferences and
collaborations should also be acknowledged as part of the
overall environmental footprint of scientific work (9).

Even small and practical changes in daily laboratory
routines can create meaningful environmental benefits
when applied consistently. Simple actions such as reducing
unnecessary energy use,optimizing test requests,minimizing
single-use materials, or improving waste segregation may
appear minor individually, yet collectively they can lead to
substantial impact. Education and the development of green
skills are therefore essential to embedding sustainability
into routine laboratory practice. We have only one planet,
and there is no alternative environment to replace it.
Protecting natural resources and reducing our ecological
footprint are responsibilities we carry not only for ourselves
but also for future generations. Caring for our planet today
is the most meaningful legacy we can leave—ensuring a
healthier world for those who come after us.

REFERENCES

1. United Nations. Climate action [Internet]. New York: United Nations; [cited
2024 Apr 3].[Crossref]

2. American Physical Society. March 1958: Charles Keeling begins long-term
measurements of atmospheric CO; on Mauna Loa [Internet]. College Park
(MD): American Physical Society; [cited 2024 Apr 3]. [Crossref]

3. United Nations Framework Convention on Climate Change. The Kyoto
Protocol [Internet]. Bonn: UNFCCGC; [cited 2024 Apr 3]. [Crossref]

4. United Nations Framework Convention on Climate Change. The Paris
Agreement [Internet]. Bonn: UNFCCGC; [cited 2024 Apr 3]. [Crossref]

5. United Nations Framework Convention on Climate Change. Introduction
to climate change science [Internet]. Bonn: UNFCCC; [cited 2024 Apr 3].
[Crossref]

6. United Nations. Sustainable Development Goals [Internet]. New York:
United Nations; [cited 2024 Apr 3]. [Crossref]

7. European Federation of Clinical Chemistry and Laboratory Medicine.EFLM
green lab booklet [Internet]. Milan: EFLM; [cited 2024 Apr 3]. [Crossref]

8. Karliner J, Slotterback S, Boyd R, Ashby B, Steele K. Health care’s climate
footprint: how the health sector contributes to the global climate crisis
[Internet]. London: Health Care Without Harm; 2019 Sep [cited 2024 Apr
3]. [Crossref]

9. Freese T, Elzinga N, Heinemann M, Lerch MM, Feringa BL. The relevance
of sustainable laboratory practices. RSC Sustainability. 2024;2:1300-1336.
[Crossref]

10. European Federation of Clinical Chemistry and Laboratory Medicine.
EFLM green labs [Internet]. Milan: EFLM; [cited 2024 Apr 3]. [Crossref]

11. International Federation of Clinical Chemistry and Laboratory Medicine.
Task force on environmental impact of laboratory medicine (TF-EILM)
[Internet]. Milan: IFCC; [cited 2024 Apr 3].[Crossref]


https://www.un.org/en/climatechange/what-is-climate-change
https://www.aps.org/apsnews/2025/02/keeling-measurements-co2-mauna-loa
https://unfccc.int/process-and-meetings/the-kyoto-protocol
https://unfccc.int/process-and-meetings/the-paris-agreement
https://unfccc.int/topics/science/the-big-picture/introduction-science
https://www.un.org/sustainabledevelopment/development-goals/
https://greenlabs.eflm.eu/documents/EFLM-GREEN-LAB-BOOKLET-ENG.pdf
https://www.arup.com/perspectives/publications/research/section/healthcares-climate-footprint
https://greenlabs.eflm.eu/
https://ifcc.org/executive-board-and-council/eb-task-forces/task-force-environmental-impact-of-laboratory-medicine-tf-eilm/
https://doi.org/10.1039/d4su00056k

REVIEW

DOI: 10.4274/hamidiyemedj.galenos.2025.26234

Hamidiye Med J 2026;7(1):3-9

Genetic Landscape and Diagnostic Challenges of MODY:
A Comprehensive Review of Etiology, Subtypes, and Future
Perspectives
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ABSTRACT

Maturity-onset diabetes of the young (MODY) is a monogenic, autosomal-dominant form of diabetes. Because of the phenotypic
overlap with other types of diabetes, MODY remains difficult for clinicians to diagnose; many cases are misdiagnosed as type 1 or
type 2 diabetes, and more than three-quarters of cases remain undetected. Significant progress has been made in elucidating the
intricate molecular pathways and diverse etiologies of MODY, facilitated by next-generation sequencing techniques. In this review,
we provide a comprehensive overview of the pathogenesis, subtypes, associated genes, and mutations of MODY, as well as current
genetic testing methods, treatment strategies, and future perspectives.

Keywords: MODY, next-generation sequencing (NGS), GCK, HNF4A, PDX1

Geng yasta baslayan olgunluk tipi diyabet (MODY), monogenik, otozomal dominant kalitsal bir diyabet tiirtidir. MODY tanisi, birgok
vakanin tip 1 veya tip 2 diyabet olarak yanlis teshis edilmesi ve diger diyabet tirleriyle fenotipik 6rtisme nedeniyle vakalarin dortte
lglinden fazlasinin teshis edilememesi nedeniyle klinisyenler igin hala bir zorluk olmaya devam etmektedir. Yeni nesil dizileme
yontemleri,MODY nin karmasik molekiler mekanizmalarinin ve heterojen etiyolojisinin anlasilmasinda bilytk ilerlemeler saglamistir.
Bu derlemede, MODY'nin patogenezi, alt tipleri, iliskili genleri ve mutasyonlarinin yani sira mevcut genetik test yontemleri, tedavi
stratejileri ve gelecege yonelik perspektifler hakkinda kapsamli bir genel bakis sunuyoruz.

Anahtar Kelimeler: MODY, yeni nesil dizileme (NGS), GCK, HNF4A, PDX1

Introduction

Maturity-onset diabetes of the young (MODY) is a
monogenic, autosomal dominant (AD) form of diabetes
caused by pancreatic beta-cell dysfunction and is not insulin
dependent (1). Genetic mutations cause loss of exocrine

pancreatic function and deterioration of B-cells (2). In this
AD hereditary disease, 63% of carriers develop diabetes
before age 25,and 96% before age 55. This shows that the
disease primarily occurs before age 25 (3). MODY can be
misclassified as type 1 diabetes because it typically presents
at or before age 25. Similarly, it can be misclassified as type
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2 diabetes because it coexists with overweight or obesity.
However, MODY is a different type of diabetes (4). While
type 1 diabetes is an autoimmune disease, MODY is not an
autoimmune disease. While type 2 diabetes is characterized
by insulin resistance, MODY is characterized by a defect in
insulin production (5). While type 1 and type 2 diabetes are
polygenic, MODY is a monogenic form of diabetes caused
by a variation in a single gene (4). MODY is much rarer than
type 1 and type 2 diabetes. Approximately 1-5% of patients
with diabetes have MODY (6). Due to its rarity and confusion
with other types of diabetes, many misdiagnoses occur (7).
Since itis an AD hereditary disease,clinicians’ability to make
the correct molecular diagnosis, the development of new
techniques, advances in genetic testing, and easier access
to genetic tests are all essential for accurate diagnosis
(8). In addition, MODY can be diagnosed with up to 100%
sensitivity using direct sequencing (9). In most cases,
molecular genetic tests should be performed before starting
specific treatments (10). Next-generation sequencing
(NGS), including whole-exome sequencing (WES) and
whole-genome sequencing (WGS), has made great strides
in elucidating the complex molecular mechanisms and
heterogeneous etiology of MODY (11). Fourteen subtypes
of MODY have been identified, and they differ in several
respects. Some features (such as glycemic phenotype)
can even vary within the same pedigree (12). Therefore,
a family history of diabetes, particularly the presence of
family members with diabetes aged 25 years or younger, is
an important criterion for diagnosing MODY. Responses to
treatment and clinical course vary among MODY subtypes.
Hepatocyte nuclear factor 1-alpha (HNF1A)-MODY (MODY3),
GCK-MODY (MODY2), hepatocyte nuclear factor 4-alpha
(HNF4A) -MODY (MODY1), hepatocyte nuclear factor 1-beta
(HNF1B)-MODY (MODYS5), and ABCC8-MODY (MODY12) are
the most prevalent of these. NEURODI-MODY (MODY6),
IPF1/PDX1-MODY (MODY4), and INS-MODY (MODY10) are
less common subtypes. Since then, several alleged variants
of MODY, including APPL1 (MODY14), PAX4 (MODY9),KLF11
(MODY7), and BLK (MODY11), have been disqualified as
genuine MODY (13). Therefore, MODY subtypes should be
genetically characterized and distinguished. Each subtype
is defined by the gene that harbors the causative mutation,
and variant-phenotype relationships exist among these
genes (14). Making these distinctions is essential for the
clinical picture and for the correct treatment.

Genetic Basis of MODY

As understanding of the underlying causes of MODY has
improved, many subtypes have been identified. The most
common subtypes are caused by mutations in the genes
HNF1A, GCK, HNF4A, and hepatocyte nuclear HNF1B (15).

HNF genes play an important role in liver development and
function. However, these genes’ pancreatic activities are
affected in MODY. The GCK gene plays a role in glucose-
stimulated insulin secretion in the pancreas, while also
contributing to glucose uptake and the conversion of
glucose to glycogen in the liver. Compared with GCK-MODY,
HNF1A-MODY presents with more characteristic phenotypes
(such as polyuria, polydipsia, and weight loss) (16). The
HNF1B gene encodes a member of the homeodomain-
containing nuclear transcription factor superfamily,
which regulates the organogenesis of the pancreas, liver,
genitourinary system, kidney, intestine, and lungs. Therefore,
it is characterized by a wide spectrum. Management of
HNF1B-MODY includes intensive insulin therapy during the
early period, whereas HNF1A-MODY can be managed with
a low-carbohydrate diet. The genes commonly mutated in
MODY generally affect the insulin-producing B-cells of the
pancreas. In particular, the HNF4A and HNF1A genes play
a vital role in B-cell production. The HNF4A and HNF1A
genes encode transcription factors that regulate genes
involved in insulin secretion. Because these genes play a
role in the regulation of insulin secretion, a mutation leads
to loss of function and deterioration of B-cells (16). Specific
inherited gene variants cause MODY to manifest differently.
Understanding the effects of genetic variants is critical to
clinical interpretation. For example, individuals with HNF1A
and HNF4A gene variants show increased sensitivity to
sulfonylureas, a class of insulin-stimulating drugs. More
accurate results can be obtained with treatments that take
this effect into account (17). Since the correct diagnosis,
prognosis, and management of MODY are of critical
importance, genotype-phenotype relationships should be
investigated. Further studies are needed to investigate the
pathogenetic effects of non-genetic regulators (18).

Diagnostic Approach to MODY

MODY is suspected based on three main features: (1) a
strong family history of diabetes of any type, with affected
relatives presenting between the second and fifth decades;
(2) onset of diabetes usually before the age of 25; (3)
clinical features inconsistent with type 1 diabetes (insulin
independence or a low insulin requirement, absence of
antibodies to pancreatic antigens, and preserved [-cell
function with persistently detectable C-peptide despite
hyperglycemia) or with type 2 diabetes (absence of insulin
resistance, obesity, and acanthosis nigricans) (19). Some
extra-pancreatic features that can be used to suspect MODY
subtypes include macrosomia and neonatal hypoglycemia
in HNF4A-MODY, renal cysts in HNF1B-MODY, and stable,
non-progressive, mild hyperglycemia in GCK-MODY. This is
because MODY comprises 14 subtypes, each characterized
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by distinct gene variants, patterns of hyperglycemia, and
other features (20).

Because of phenotypic overlap with other types of
diabetes, MODY remains difficult for clinicians to diagnose;
many cases are misdiagnosed as type 1 or type 2 diabetes,
and more than 80% go undetected. As misdiagnosis can
lead to inadequate treatment, the focus must be on correct
diagnosis to ensure a stronger link to clinically important
treatment benefits, such as a more precise prognosis of
complication risk, appropriate genetic counseling for family
members—especially children—and, most importantly,
it directs the choice of the most appropriate treatment.
The etiology of the disease determines the appropriate
course of treatment, but only molecular genetic testing
can verify this. Molecular genetic testing in patients is
essential to establish the diagnosis of MODY, define the
subtype, anticipate the clinical course,and guide treatment
options. Significant has been made in deciphering the
complex molecular pathways and heterogeneous etiology
of monogenic diabetes (including MODY), with the advent
of current technologies such as NGS that include targeted
gene panels, WES, and WGS. Accurate diagnosis of MODY
leads to treatment adjustments across its three subtypes.
For most GCK-MODY patients, pharmacological treatment
is typically unnecessary, though a low glycemic index diet
may be advised. In contrast, patients with HNFIA-MODY and
HNF4A-MODY can achieve optimal glycemic control using
sulfonylureas instead of insulin. Consequently, diagnosing
MODY can significantly alter care pathways, reduce or even
eliminate treatment burdens for individuals, and decrease
costs for both patients and society. Despite this, only a
handful of studies have explored the cost-effectiveness
of MODY screening. Findings suggest that genetic testing
for a carefully selected population of young patients with
diabetes aged 25-40 years holds promise as a cost-effective
intervention in high-income countries (21). Testing is
increasing globally, with most developed countries offering
at least one academic, health-service, or commercial
laboratory for testing. While some regions face resource
limitations, it's essential to identify target populations
for molecular genetic testing to enhance detection rates.
Various algorithms are available to assist in molecular
diagnosis by using clinical and laboratory parameters to
identify candidates. One example is the MODY probability
calculator developed by Exeter University, which proved
useful and showed good discriminatory ability with an
optimal probability cut-off of 36% in a Portuguese cohort
(22).

MODY is a heterogeneous group of monogenic forms
of diabetes. Although it was initially defined as a clinical
syndrome of early-onset diabetes, subtypes caused

by specific gene mutations have emerged as distinct
pathological entities. Furthermore, strict adherence to
classical criteria for screening for MODY mutations results
in poor sensitivity, which hampers effective screening
strategies. Some researchers have explored various clinical
biomarkers to improve the accuracy of candidate selection
for molecular diagnosis. Although molecular diagnosis
has become more accessible, there is a pressing need for
improved clinical screening strategies for monogenic
diabetes.These enhancements would improve identification
of candidates for molecular diagnosis and optimize cost-
effectiveness. Direct sequencing and NGS techniques can
detect mutations in the MODY gene with approximately
100% sensitivity. When clinical characteristics point to
specific gene mutations, such as mild fasting hyperglycemia
(for GCK gene mutations), diabetes linked to renal cysts
(for HNF1B mutations), or pancreatic cysts and exocrine
pancreatic dysfunction (for CEL mutations), phenotype-
based targeted gene testing may be performed in addition
to NGS. To identify affected family members and provide
genetic counseling,a precise diagnosis of MODY is necessary.
Genetic testing for the same mutation should be offered to
diabetic relatives in all forms of MODY, as they may also
benefit from treatment (23).

Technologies in Genetic Diagnosis

When considering testing, casting a wider net may
be desirable, as additional subtypes and phenotypic
connections among them are being reported. Genetic testing
remains the definitive method for confirming monogenic
forms of diabetes. Traditionally, Sanger sequencing has been
considered the gold standard for molecular genetic testing
of human disorders. This method involves determining the
nucleotide sequence of specific genes and comparing it
to reference sequences. However, Sanger sequencing has
limitations. For instance, it cannot detect large genetic
rearrangements such as the complete deletion of the HNF1B
gene, a common cause of renal cysts and diabetes (RCAD).
Additionally, it does not reliably identify certain variants of
mitochondrial DNA associated with mitochondrial diabetes.
The emergence of NGS technologies is transforming
MODY diagnostics by enabling massively parallel DNA
sequencing. Targeted NGS (tNGS) is particularly noteworthy,
as it facilitates the simultaneous analysis of multiple gene
sequences (24). This tNGS approach not only increases the
diagnostic yield simply by testing more genes but also
identifies patients with rare syndromic forms of diabetes
whose diagnosis was not suspected.

When a MODY patient does not exhibit sufficiently
clear clinical features, in-depth genomic screening, such
as WES or WGS, can be the most effective genetic testing
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option. In exome sequencing, selecting specific genes for
testing is unnecessary, allowing detection of MODY-related
genes that targeted gene sequencing may miss. This
advantage makes exome sequencing particularly valuable
in cases where targeted approaches are ineffective due to
ambiguous clinical presentations. Similarly, WGS offers even
broader coverage than exome sequencing, as it analyzes
the entire genome, including non-coding regions that
might harbor relevant variants. WGS can identify mutations
not only in known MODY genes but also in regulatory
elements and intronic regions, potentially unveiling novel
pathogenic variants. In cases where exome and targeted
gene sequencing are insufficient, WGS serves as a powerful
diagnostic tool that provides a comprehensive genetic
overview and clarifies ambiguous cases (25). Single-
nucleotide variants (SNVs) and small insertion, deletion,
and duplication variants are detected by sequencing, while
partial and complete gene deletions, which represent a
small percentage of all mutations in MODY genes, are
detected by copy-number variant (CNV) analysis. CNVs
are large-scale deletions or duplications of DNA, ranging
in size from approximately 50 to 1,000,000 base pairs.
Historically, CNVs were difficult to detect using Sanger
sequencing or early tNGS panels because of limitations in
identifying DNA dosage changes and the small size of CNVs,
often requiring adjunct methods such as microarray-based
genomic hybridization or multiplex ligation-dependent
probe amplification (MLPA), which increased costs and
labor. However, new bioinformatics techniques like tNGS
now leverage raw NGS data to predict CNV presence more
efficiently (26). MODY subtypes, types of genetic tests,
and corresponding genotype-phenotype information are
illustrated in Figure 1.

Chromosomal microarrayanalysis (CMA)isalsoagenomic
technique that allows for high-resolution detection of CNVs,
including whole-gene deletions or duplications, and has
become an important adjunct to sequence-based testing
in suspected cases of MODY. In patients with a clinical
phenotype consistent with MODY but whose sequencing
panel (targeting SNVs and small indels) is negative, CMA
can identify structural rearrangements in genes such as
HNF1B (MODY5) or other genes where exon- or gene-level
deletions are known to occur. For example, a heterozygous
deletion on chromosome 17q12—which includes HNF1B—
was detected by microarray analysis in a patient with early-
onset diabetes and renal and urinary anomalies after NGS
panels failed to detect a mutation (27). Clinical laboratory
guidelines for MODY genetic testing recommend that
when panel sequencing is negative but clinical suspicion
remains high—particularly for genes known to exhibit
gene-dosage alterations such as HNFIA, HNF4A, GCK, and

HNF1B—deletion/duplication analysis (via MLPA or CMA)
should be considered (28). In this way, microarray analysis
improves diagnostic yield, ensures that structural variants
are not overlooked, and contributes to more accurate
subtype assignment and tailored management for MODY
patients. MODY 1 results from missense mutations in the
HNF4A gene, while MODY 2 is caused by point mutations
in the GCK gene. MODY 3 arises from variants in the HNF1A
gene, including missense, nonsense,and splicing mutations,
as well as in-frame amino acid deletions, insertions,
duplications, and whole-gene deletions. MODY 5, on the
other hand, is associated with HNF1B whole-gene deletions
or other structural variants and linked to RCAD syndrome.

Challenges in Genetic Diagnosis

Inthe era of NGS, clinicians frequently encounter variants
of unknown significance (VUS) in genetic testing. VUS may
be reclassified over time as genetic knowledge grows.
We have limited data on the optimal approach to VUS in
MODY (29). With a proper diagnosis and treatment of MODY,
switching from injections to oral hypoglycemic medications
or to lifestyle changes alone can greatly enhance a patient’s
quality of life. Insulin treatment may be less necessary if
the diagnosis is made early. Clinical prediction models may
make it easier to identify which individuals will benefit from
molecular genetic testing. To categorize the variants that
cause MODY, reporting novel variants and their associated
symptoms is crucial. Routine genetic testing in suspected
cases will expand existing understanding (30). Using four
cohorts from diverse settings, It has been demonstrated
that pathogenic variants in the three MODY-associated
genes are relatively common in the population. In clinically
selected individuals, pathogenic variants in HNFIA and
HNF4A are associated with the highest risk of diabetes;
however, in clinically unselected individuals, their risk is
significantly reduced. It was demonstrated that the features
of the environment in which the variants were discovered,
rather than the types of variants, were responsible for this
decreased risk. Unexpectedly, the penetrance of pathogenic
GCK variants was comparable across cohorts despite
differences in their environments.

Studies show that pathogenic variants in common
MODY genes are not ultra-rare and often display reduced
penetrance when found incidentally. Genetic counseling
should consider the setting, family history,and health status.
An exception is GCK-MODY, which shows near-complete
penetrance across contexts, supporting its inclusion in
the ACMG secondary gene list to prevent unnecessary
treatment (31). Experiences with genetic testing in other
conditions demonstrate the importance of understanding
personal experiences with chronic illness and lay beliefs
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about inheritance. Health professionals should explore how
individuals with MODY perceive their health and diabetes,
as family beliefs shape the meaning of genetic information.
Without addressing these views, families may dismiss the
results. Using simple language or visuals can improve
understanding. Clarifying motivations for predictive testing
helps manage expectations and concerns during genetic
counseling (32).

Clinical Implications of Genetic Diagnosis

First, diabetes diagnosed before six months of age
is frequently caused by mutations in genes encoding
components of the ATP-sensitive potassium channel: the
sulfonylurea receptor 1 subunits or the inward-rectifier
potassium channel (Kir6.2). Treatment with high-dose
sulfonylureas, compared with insulin, can improve glycemic
control. Second, individuals who have modest, stable
fasting hyperglycemia, especially in young people, may
have a glucokinase mutation and may do not need special
care. Thirdly, low-dose sulfonylureas can be used to treat
people with familial young-onset diabetes who do not

meet the diagnostic criteria for type 1 or type 2 diabetes,
because these individuals may harbour mutations in the
transcription factors HNF-1A or HNF-4A. Finally, patients
with extrapancreatic features, such as renal disease or
deafness, usually require early insulin therapy (33). Accurate
genetic diagnoses are crucial because they frequently result
in improved diabetes management and allow predictive
genetic testing of their asymptomatic relatives. Reducing
the risk of diabetes-related complications later in life
requires early diagnosis and adequate treatment (34).
During the first decade of life, patients with MODY1
exhibit relatively normal glucose tolerance. Testing and
subsequent diagnosis are typically predicated on unintentional
hyperglycemia detected during concurrent illness or family
screening. Due to hormonal changes that result in insulin
resistance and disruption of glucose regulation, glucose
intolerance typically manifests during adolescence or in
early adulthood. Patients should be managed with a low-
carbohydrate diet at diagnosis and during the early stages of
the disease,when their blood glucose and glycated hemoglobin
levels are still within the “non-diabetic” range. Sulfonylureas
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are recommended instead of insulin when diet appears to be
failing,because they provide better glycemic control. Regarding
sulphonylurea derivatives, their safety and long-term efficacy,
associated improvements in quality of life, and improved
patient compliance are well established. Heterozygous variants
in the PDX1 gene, encodes the transcription factor PDX1
essential for the formation and function of the pancreas and its
B-cells, result in PDX1-MODY, a rare, mild form of monogenic
diabetes. Diabetes appears to result from dominant-negative
suppression of transcription caused by mutations in the insulin
gene. Individuals with PDX1-MODY develop early-onset type
2 diabetes and have no extra-pancreatic manifestations. PDX1
indirectly disrupts the incretin pathway and is crucial for
glucose-stimulated insulin release, especially in postprandial
hyperglycemia. Orally administered antihyperglycemic
medications have been proposed as a treatment. Case
reports have documented the efficacy of DPP-4 inhibitors
in combination with metformin. Due to a degree of hepatic
insulin resistance, patients with HNF1B-MODY respond poorly
to sulfonylureas, and early insulin therapy may be necessary.

Future Directions in MODY Diagnosis

Considerable progress in technologies and informatics
for generating and evaluating large biologicaldatasets has
promoted a paradigm shift in how biomedical problems
are addressed. Investigation of human health and disease
at the omics level provides new opportunities. Omics data
should be analyzed and integrated as a whole to achieve
optimal results. Different levels of data, such as genomics,
transcriptomics, proteomics, and metabolomics, can be
evaluated jointly. The complexity of the human genome and
its regulation at multiple levels requires consideration of
data across those levels. A multi-omics approach enables
characterization of patients’ molecular and cellular profiles.
In this way, the underlying causes of pathologies and cell-
level errors that have not yet had an impact can be analyzed.
A multi-omics approach can also be used to classify variants
of MODY. NGS techniques, such as WES and WGS, together
with CNV analysis,can be used to specify the MODY variantin
question. Translation of variant gene sequences into protein
sequences allows researchers to gather focused information
on specific variant genes and proteins and facilitates their
studies by integrating genomics and proteomics. The
integration of omics data with this new method holds great
potential, as it paves the way for precision medicine.

Development of targeted therapies requires confirmation
of suspected MODY variants with genetic testing. Targeted
therapies provide a basis for further pre-symptomatic
screening of genetically related individuals of the patient.
Early molecular genetic diagnosis enables necessary
modifications to therapy. Diagnosing monogenic diabetes

may be challenging because symptoms are similar. Genetic
testing enables a genetic diagnosis and identifies the
definitive cause of the symptoms. Targeted therapies are
needed for the appropriate management of MODY.
Although NGS has made diagnosis easier by reducing
the cost of genetic testing, our knowledge of DNA and
pathogenic genes is far from sufficient. The vast amount
of data produced by NGS must be analyzed using
computational tools to enable effective research and to
reduce time and costs. Nevertheless, artifical intelligence
and machine learning may be effective tools for evaluating
DNA sequencing data, as well as overall patient data
and broader factors that may influence the disease. Ten
algorithms used in precision medicine employ machine
learning (35). Support Vector Machine (classifies and
analyzes symptoms to improve diagnostic accuracy), Deep
Learning (used in medical image analysis such as computed
tomography scan,magnetic resonance imaging,colonoscopy,
mammograpy etc), Logistic Regression (evaluates the
potential risks and patient survival rates), Discriminant
analysis (classifies patients for operation process, symptom-
relief satisfaction data), Decision Tree (used in real-time
healthcare monitoring, detection of aberrant data and helps
in therapeutic decision), Random Forest (widely used in
healthcare system for predicting metabolic pathways of
individuals, mortality rates, healthcare cost and diagnosis),
Lineer Regression (computational analyses and predictions),
Naive Bayes, KNN (preserving patient information, pattern
classification), HMM (drug side effect extraction from online
forums, examining patient data),and Genetic Algorithm (36).

Conclusion

Genetic testing is essential for accurately diagnosing
MODY, a monogenic form of diabetes. It enables precise
identification of the causative gene mutation, guides
personalized treatment decisions, and differentiates MODY
from type 1 or type 2 diabetes, reducing misdiagnosis and
ensuring appropriate management and family screening.
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Background: The Coronavirus Disease 2019 pandemic disrupted education and training processes, necessitating a transition to
remote learning that significantly altered teaching methods for both students and instructors. To highlight the challenges arising
from this rapid shift in applied health sciences, the present study aimed to compare the perceptions of professional competence
among First and Emergency Aid students who received online versus hybrid education during the pandemic.

Materials and Methods: This descriptive cross-sectional study was conducted among second-year students at two universities: one
providing fully online education (n = 59) and the other offering hybrid instruction (n = 61).

Results: No statistically significant difference was observed between the groups in understanding theoretical courses (p = 0.088);
however, students who received face-to-face instruction within the hybrid model demonstrated significantly better comprehension
of practical courses (p < 0.001).

ABSTRACT

Conclusion: In conclusion, while online education is adequate for acquiring theoretical knowledge, it is insufficient for developing
clinical and technical skills. Accordingly, these findings suggest that practical courses in health education programs, such as First
and Emergency Aid, should be conducted face-to-face whenever possible; when in-person attendance is required, appropriate safety
measures should be implemented.

Keywords: Pandemic, professional competence, online education, hybrid education, first and emergency aid, paramedic

Amag: Koronavirls Hastaligi 2019 pandemi doneminde egitim ve 6gretimin kesintiye ugramasi ve uzaktan yapilmasi dgrenci ve
ogreticiler icin egitim yontemlerinde degisime sebep oldu. Bu hizli degisimin,uygulamali editim bilimlerinde olusturdugu zorluklara
dikkat cekmek icin pandemi déneminde online ve hibrit egitim géren ilk ve Acil Yardim programi égrencilerinin mesleki yeterlilik
algilarinin karsilastirilmasi amacland.

Gereg ve Yontemler: Tanimlayici ve kesitsel olan calisma online egitim yapan bir tniversite (n = 59) ile, hibrit egitim yapan bir
tiniversitenin (n = 61) ilk ve Acil Yardim programi 2. sinif 6grencileri ile gerceklestirildi.

Bulgular: Teorik derslerin anlasilmasi acisindan her iki grup arasinda fark bulunmaz iken (p > 0,088), uygulamali derslerin
anlasilmasinda yuz yize egitim alan grup lehine fark tespit edildi (p < 0,001).
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Sonug: Sonug olarak; online egitimin bilgi edinmede yeterli, ancak klinik ve teknik beceri edinmede yetersiz oldugu bulunmustur.
Zorunlu kosullarda ilk ve Acil yardim gibi saglik egitimi verilen programlarda uygulamali derslerin gerekli énlemler alinarak yiiz

ylize verilmesi 6nerilmelidir.

Anahtar Kelimeler: Pandemi, mesleki yeterlilik, cevrim ici egitim, hibrit egitim, ilk ve acil yardim, paramedik

Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic
has led to profound economic, social, and cultural changes
worldwide, particularly in the field of health (1). Education
became the second-most affected sector after healthcare.
Face-to-face instruction was suspended globally, forcing
millions of learners and educators to adopt alternative
methods to maintain the continuity of education (2).

With the measures implemented to control the rapidly
spreading pandemic, the online education model emerged
as the most practical solution for ensuring educational
continuity and achieving learning objectives (3). However,
this process was also accompanied by various limitations
and challenges (4). Previous studies have reported that
online education offers advantages such as low cost,
flexibility in time and location for both students and
instructors, ease of communication, and opportunities to
review recorded materials (5,6). Conversely, adverse effects
such as sleep disturbances, decreased motivation, impaired
social interaction, excessive phone and internet use,anxiety,
and stress-related depression have been identified (7-9).

Face-to-face interaction remains crucial for effective
communication (10). Clinical practice holds indisputable
importance for professional development, especially in
health-related disciplines. Such practices enable students to
integrate theoretical knowledge with patient care, develop
problem-solving abilities, and gain professional autonomy
and teamwork skills (11,12).

The First and Emergency Aid (Paramedic) program, an
associate degree in health sciences, combines theoretical
and clinical training. The effectiveness of this program
largely depends on adequate clinical experience. Although
online education is an efficient method of knowledge
acquisition, it poses challenges for applied health sciences
(13). The transition away from face-to-face education during
the pandemic created uncertainty in paramedic training,
which relies heavily on interaction and hands-on experience,
leading to professional concerns among students. Previous
research has shown that online education is less effective
for clinical training,where practical and technical skills must
be developed (13,14). Moreover, studies conducted with
paramedic graduates before the pandemic revealed higher
perceived professional competence among graduates who
participated in hands-on training (15,16).

Despite several studies investigating the effects of the
pandemic on practice-based education among various
health professional groups, limited research has focused on
paramedic students who are the first healthcare providers
to interact with patients in pre-hospital settings (4,17-19).
Therefore, this study aimed to examine the effects of hybrid
and online educational methods on paramedic students and
to evaluate their perceptions of professional competence.

Materials and Methods

Based on an appraisal of the aforementioned findings,
albeit with controversies, we hypothesized that:

HO,: There is no significant difference between the views
of students who received the hybrid and online education
models.

H1,: The views of paramedic students who received
training during the pandemicregarding the hybrid education
model are more positive than their views regarding the
online education model.

HO,: The hybrid education model does not contribute
more to students academic success compared to online
education.

H1,: The hybrid education model contributes more to
students’ success than online education.

HO,:The hybrid education model does not affect students’
perceptions of professional competence in practical courses.

H1,: The hybrid educational model positively affects
students’ perceptions of professional competence in
practical courses.

Type of study: The study is a two-center, descriptive
cross-sectional study.

Population and Sample of the Study

The study population consisted of paramedic students
enrolled in the Vocational School of Health Services at two
universities: one located in a metropolitan area offering
hybrid education (School A), and the other located in a
smaller city providing fully online education (School B).
While students at School A completed their theoretical
courses online and practical courses face-to-face, those
at School B took all courses online. Before the Council
of Higher Education (YOK) decision mandating online
education at the beginning of the pandemic (2020), both
universities had completed one semester of face-to-face
instruction. Subsequently, School A continued with two
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semesters of hybrid education,whereas School B maintained
two additional semesters of online education. Data were
collected in March 2021 after the students had completed
their second academic year.

The required sample size was calculated using G*Power
software, assuming an effect size of 0.5, statistical power of
80%, and a margin of error of 5%, resulting in @ minimum
sample size of n = 98. A total of 61 of 65 students from
School A and 59 of 62 students from School B voluntarily
participated in the study. No sampling procedure was
applied; all students who provided informed consent were
included.

Data Collection and Analysis

Data Collection Tools: The questionnaire used for data
collection was developed by the researchers based on a
comprehensive literature review. It consisted of two sections.
The first section included questions about the students’
sociodemographic characteristics, grade points averages
(GPAs), and opinions regarding the teaching method they
received. The second section assessed students’ perceptions
of professional competence using a 5-point Likert scale
(1 = strongly disagree, 5 = strongly agree). These items
measured the students’ confidence in performing basic
and advanced emergency procedures (e.g., intravenous
injection, nasogastric tube insertion, and cardiopulmonary
resuscitation [CPR]. The responses reflected students’ self-
reported competence rather than their actual performance;
therefore, no multiple-choice or knowledge-based test
questions were included, and objective performance
measurement was not conducted.

Ethical approval was obtained from the Gimishane
University Scientific Research and Publication Ethics
Committee (approval number:2021/3,dated: 14.04.2021),
and administrative permission was obtained from
the institutions where the study would be conducted.
Students who voluntarily participated in the study
were informed about the data collection forms. An
online link was sent to the students who had provided
written consent, and they were asked to complete the
questionnaire. The study was conducted in accordance
with the Declaration of Helsinki.

Statistical Analysis

Data were analyzed using the IBM SPSS Statistics
25.0 software package. Descriptive statistics (frequency,
percentage, median, and interquartile range) were used to
summarize the data. The Shapiro-Wilk test and histogram
plots were applied to examine the normality of distribution.
Since the data did not show a normal distribution (Shapiro-
Wilk p < 0.05), non-parametric tests were used.

The Mann-Whitney U test was applied to compare the
median scores between the online and hybrid education
groups for continuous variables such as perceived
competence levels in theoretical and practical courses.
This test was preferred because it does not assume
normal distribution and is appropriate for comparing two
independent groups when ordinal data are used, such as
Likert-type scales. The level of statistical significance was
set at p < 0.05.All analyses were two-tailed. The results were
presented with corresponding z and r values to indicate
effect size and direction.

Results

Of the 120 students who participated in the study,
51.7% were female and 48.3% were male. The proportion
of female students was higher in College B (66.1%) than
in the other group. The proportions of students with a
GPA of 3.01 or higher at the end of the training process
were 32.2% in the online group and 62.3% in the hybrid
group. While 42.5% of all participants wanted education
to continue online, 44.1% of students who received
only online education wanted it to continue in a hybrid
format, and 63.9% of students who received hybrid
education wanted it to continue only online. Among all
participants, 68.3% attended online courses at home,
and 71.7% used their smartphones for online education
(Table 1).

The reasons students wanted to take their courses
online were as follows: 38.3% preferred online education
because it allowed them to study at their convenience,
and 12.5% preferred it because they were employed.
Problems encountered while attending online courses
included technical connection issues (62.7%), inability
to ask questions about unclear topics (54.2%), and lack
of socialization (37.3%). Among hybrid students, 39.3%
reported technical problems, 21.3% reported difficulty in
asking questions about unclear topics, and 34.4% reported
a lack of social interaction (Table 2).

In Tables 3 and 4, data on the comprehension of
theoretical and practical courses are presented according to
the educational method received by the students. There was
no statistically significant difference between the online
and hybrid education groups in terms of understanding
theoretical courses (p = 0.088). The median score of online
students was 3.00, and the median of hybrid students was
3.25.

Astatisticallysignificantdifferenceinthe comprehensibility
of practical courses was found between the two groups (p
< 0.001). The median for online students was 2.50, and for
hybrid students, 3.50. Both groups stated that practical
courses should be conducted face-to-face (Table 4).



Hamidiye Med J 2026;7(1):10-18
Karabela et al. Online and Hybrid Education

Table 1. Demographics characteristics of students.

Online education Hybrid education | Mean of all participants
n % n % n %
Gender Female 39 66.1 23 377 62 51.7
Male 20 339 38 62.3 58 483
2.00 and less 3 5.1 1 1.6 4 3.3
2.01-2.50 10 16.9 8 131 18 15.0
Student GPA 2.51-3.00 27 45.8 14 23.0 41 34.2
3.01-3.50 19 32.2 24 39.3 43 35.8
3.51 and more 0 0 14 23.0 14 11.7
. .. Online 12 20.3 39 63.9 51 42.5
How would you like the training to Hybrid 2% 441 10 16 4 26 300
proceed?
Face to face 21 35.6 12 19.7 33 27.5
Own computer 15 254 9 14.8 24 20.0
. . .. . Own smartphone 42 71.2 44 72.1 86 717
‘Qi’:;:c??elalinlij:eg to participate in Someone else’s computer 1 1.7 5 8.2 6 5.0
9° Someone else’s device 1 17 0 0 1 0.8
Other 0 0 3 4.9 3 2.5
.. . . My own home 56 94.9 26 42.6 82 68.3
n’;‘:: do you participate in online House of relatives 2 34 3 49 5 42
9 Neighbor house 1 17 3) 52.5 33 275
Total 59 100.0 61 100.0 120 100.0
GPA, grade point average.

Table 2. Students’ views on online and hybrid education.

Online education Hybrid education Mean of all participants
n % n % n %
| take lessons when | am available 29 49.2 17 279 46 38.3
Reasons for wanting School lessons are boring 1 17 1 1.6 2 1.6
online courses | can’t concentrate at school 1 1.7 5 8.2 6 5
| am working 9 153 6 9.8 15 12.5
Always have access to the internet 26 44.1 16 26.2 42 35
Drawbacks of Technical issues 37 62.7 24 39.3 61 50.83
following lectures Individualization 16 27.1 13 21.3 29 24.16
online Staying away from social environments 22 37.3 21 34.4 43 35.83
Not being able to ask questions 32 54.2 13 21.3 45 37.5
Multiple responses were allowed. Percentages are based on the number of students within each group.

The training method applied to the students and their
skills related to health practices are presented in Table 5.
A significant difference was found, favoring students who
received hybrid education, in perceived competence for
advanced health practices related to their profession (p <
0.001). Students in the hybrid education group reported
greater confidence in performing practical procedures, such
as intravenous and intramuscular injections; endotracheal
intubation; nasogastric and urinary CPR resuscitation; and
defibrillation. The median for students who received online
education was 2.14, and the median for students who
received hybrid education was 4.00 (Table 5).

Discussion

This study demonstrates the negative impact of fully
online education on students’ professional competence
by comparing the perceptions of competence in practical
courses among paramedic students who received hybrid
and fully online education. In professions involving
applied scientific disciplines, in-person instruction is
essential. During the pandemic, the educational activities
of paramedic students were adversely affected: clinical and
laboratory practices could not be conducted, and students
graduated and entered the profession through the online
education system (20).

13



14

Hamidiye Med J 2026;7(1):10-18
Karabela et al. Online and Hybrid Education

Table 3. Students’ opinions on theoretical courses.

What is the method of education you Online Hybrid education Total
received at school? Mean |n SD Mean |n SD Mean n SD
} LERE 02 Rl s (R B 59 131306 | 2.9836 | 61 113272 |2.9917 | 120 | 1.21956
theoretical courses.
The time allocated for theoretical
courses is sufficient for understanding 3.339 | 59 1.13882 | 3.0656 | 61 1.24992 | 3.2 120 1.19944
the subject matter.
The course materials used to teach the | 5 (1 | 59 130994 | 3.2623 | 61 109395 | 29583 | 120 | 1.23938
theoretical courses are adequate.
| GEITEIEIE, iy BCl e IEEE I 2.8814 | 59 131418 | 3.5574 | 61 090415 |3.225 | 120 | 1.17009
theoretical courses.
Online education Hybrid education

Mean Sum of Median Mean Sum of Median | u - 2 .

rank ranks rank ranks

55.03 | 3246.50 | 3.00 65.80 | 4013.50 | 3.25 1476.50 | 0.088 | -1.705 | -0.160
Mann-Whitney U test applied; z, standardized test value, p, probability value, r, effect size, p < 0.05 indicates significance. SD, standard deviation.

Table 4. Students’ opinions on applied courses.

What is the method of education you Online Hybrid education Total
received at school? n SD Mean n SD Mean n SD Mean
| have no difficulty understanding
the practical components of applied 2.3559 59 1.551 34918 |61 1.05866 |2.9333 | 120 1.43623
courses.
The course materials used to facilitate
understanding of the practical training | 2.1017 59 1.15512 | 3.4754 |61 0.9765 2.8 120 1.26757
are adequate.
| can readily ask the lecturer about
topics | do not understand during the | 3.339 59 1.1687 37049 |61 1.08542 | 3.525 120 1.13732
lecture.
| think that providing practice-based
courses exclusively through distance 4.0339 59 146177 |2.918 61 1.6155 3.4667 | 120 1.63436
education is insufficient.
Online education Hybrid education

Sum of Median Sum of Median Sum of Median | u p z r

ranks ranks ranks

41.31 243750 | 2.50 79.06 4822.50 | 3.50 667.50 |0.001 |-5.962 |-0.540
Mann-Whitney U test applied; z, standardized test value, p, probability value, r, effect size, p < 0.05 indicates significance. SD, standard deviation.

A significant majority of students educated during the
COVID-19 pandemic were digital natives born in the 2000s
who actively use technology. The internet, computers, and
mobile devices are integral to every aspect of their lives.
The transition to remote education during the pandemic
represented a novel experience for these young people,
who were already accustomed to the digital world (21).
In our study, the majority of students who received hybrid
education expressed a preference for online learning, while
half of those who received exclusively online education

were satisfied with it. Different rates have been reported in
the literature: 54.6% of medical students (2), 60% of health
students (13), and 53.9% of nursing students (22) reported
that they did not find online education effective. However,
medical and nursing students stated that online education
was comparable to traditional teaching because it met
the course objectives, conveyed content accurately, and
ensured appropriate use of time (23). In contrast, first aid
and emergency care students exhibited negative attitudes
toward online education (24). The reasons why hybrid-
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Table 5. Students’ self-perceived professional competence in clinical skills according to education method.

According to the method of Online education Hybrid education Total
education you received at school; Mean n SD Mean n SD Mean |n SD
| el gL I [ e 2.9661 59 133863 | 43607 |61 07535 | 3.675 | 120 1.28444
route opening practlce.
Vil @t pEEt I S TSI | ) pee 59 129016 | 42131 |61 1.03465 | 3.4 120 | 14284
intramuscular injections.
Virel et g e, 1.8814 59 105184 | 35738 |61 120359 | 27417 120 | 141121
intubation practlce.
el S I (EeRETe 1.7458 59 099296 |3.5246 |61 1.20563 | 2.65 120 1.41807
catheter application.
| (e EETEEHE: I L7 2.0169 59 125247 | 33443 |61 120948 | 26917 |120 | 1.39504
catheterization.
| el i et ) GO pL IR | 5 5 59 120417 | 41311 |61 1.00789 | 3.225 | 120 1.44049
resuscitation.
el S O W 2.0169 59 1.22463 | 37049 |61 1.05427 | 2875 | 120 1.41755
defibrillators.
Online education Hybrid education

Mean Sum of Median Mean Sum of Median | u B . .

rank ranks rank ranks

3642 | 214850 |2.14 83.80 5111.50 | 4.00 37850 | 0.000 |-7470 |-0.680
Mann-Whitney U test applied; z, standardized test value, p, probability value, r, effect size, p < 0.05 indicates significance. SD, standard deviation.

education students preferred online learning included
avoidance of in-person attendance for laboratory practices,
transportation issues related to living in a metropolitan
area, and risk of exposure to COVID-19 during hospital-
based clinical practices.

Most students indicated that the main reason they
preferred to continue their studies online was the ability
to attend classes from any location at their convenience.
Saving time, easy access to lessons, and the opportunity
to rewatch lectures, aspects of flexibility provided by
online education, were also cited as key preferences.
Nursing students, in particular, value online education for
its temporal and spatial flexibility, the ability to stay with
family while attending classes, and reduced transportation
costs (25,26). Medical students prefer online education
because it enables them to review recorded lectures and
removes temporal and spatial constraints (2,27,28). In
line with the literature (29), our study found that a large
proportion of students attended classes from their homes
using their phones. Online education may continue to be
preferred beyond the pandemic because of its flexibility in
time management. However, students frequently reported
issues such as lack of socialization, technical problems
before or during classes,and inability to ask questions about
topics they did not understand. These issues, including
the inability to ask questions during lessons, not having a
conducive home learning environment, spending excessive

time in front of a computer, and difficulty focusing, have
been highlighted in many studies (22,27,28,30). Medical
students also mentioned the inability to examine cadavers
during anatomy classes.

First aid and emergency care students reported that
online education did not offer good learning opportunities,
that acquired information was not retained, and that they
experienced difficulties in learning (20). Although our
students expressed positive views of online education,
they also shared negative perceptions of their own
motivation. Our results indicate that theoretical courses
can be effectively delivered online or face-to-face and
that the education provided was sufficient, even though
distance education had not previously been implemented.
No significant difference was observed between groups in
their understanding of theoretical content delivered online;
however, online education was preferred because of its
advantages. Synchronous classes that offer an educational
atmosphere closer to face-to-face education have been
shown to increase the acceptability of online learning among
students. Similarly, nursing students (31) and operating
theatre students (32) stated that distance learning methods
are sufficient for the theoretical components of courses
but inadequate for practical training. Some studies report
no difference between face-to-face and online instruction
regarding learning outcomes, while other studies suggest
that online education is more effective and efficient for
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medical students (27). Therefore, theoretical courses can be
effectively supported by online education.

Within the health professions, the First and Emergency
Aid (Paramedic) program plays a critical role in enabling
accurate diagnosis and timely intervention in prehospital
care. In Turkiye, the Regulation on the Working
Procedures and Principles of Ambulance and Emergency
Care Technicians and Emergency Medical Technicians,
published in 2009 under Decision No. 27181, emphasizes
the critical importance of competencies in defibrillation
and endotracheal intubation. A lack of proficiency in
these skills may result in patient death. Error-free
application of skills can only be acquired through high-
quality, effective training in first aid and emergency care
(20,33,34). In our study, students who received hybrid
education reported significantly higher levels of perceived
professional competence in practical courses (including
IV/IM administration, intubation, nasogastric and urinary
catheterization, CPR, and defibrillation) than students who
received online education. Participation in face-to-face
clinical practice appears to increase students’ confidence
and sense of readiness in performing professional skills.
When students’ academic achievement was evaluated
based on GPA, 85.3% of those who received hybrid
education had an average GPA of 2.5 or higher, which is
consistent with our findings. Our study compared students
enrolled in two associate-degree programs in different
cities, both offering the same curriculum before and after
the COVID-19 pandemic. Although the educational content
remained consistent, the aim was to evaluate the impact of
differing delivery models—one fully online and the other
hybrid. Institutional characteristics, environmental factors,
and potential variations in student demographics were not
taken into account. This methodological limitation should
be considered when interpreting the findings.

Paramedic students who received education during
the pandemic reported feeling anxious about the risk of
harming patients (20). Similarly, 75% of medical students
who trained during the pandemic reported that they could
not treat patients without in-service training and that they
felt professionally inadequate (13). The education students
receive at university is a crucial period during which they
acquire the professional knowledge and skills necessary
to obtain employment after graduation. Graduating with
professional qualifications and competencies enhances self-
confidence and reduces anxiety about finding employment.
Face-to-face clinical practices, whether bedside or
simulation-based, conducted under the supervision of
instructors, provide effective training and confidence for
quick and accurate interventions in real-life scenarios.

Study Limitations

The primary limitation of this study is that the
vocational schools compared are situated in cities with
differing socio-cultural and environmental characteristics.
One of the universities, located in a metropolitan area,
implemented a hybrid education model, while the other,
situated in a smaller city, adopted a fully online approach.
Although this study provided an opportunity to compare
two educational delivery models, institutional structures,
available resources, and student profiles may differ across
universities. Our study compared students enrolled in
two associate degree programs located in different cities,
both offering the same curriculum before and after the
COVID-19 pandemic. Although the educational content
remained consistent, the aim was to evaluate the impact
of differing delivery models—one fully online and the other
hybrid. Institutional characteristics, environmental factors,
and potential variations in student demographics were not
taken into account. Therefore, the findings may have been
influenced not only by the educational model but also by
environmental and institutional factors.

Additionally,the data were based solely on students’self-
reports. Only their perceptions of professional competence
were assessed; objective measures such as knowledge
levels or actual performance were not included. Since the
study was conducted during the pandemic, psychological
and environmental conditions specific to that period may
have affected students’ perceptions.

Conclusion

Face-to-face clinical training is essential for health
sciences students to feel professionally competent and to
reinforce their theoretical knowledge. Our study revealed
that the negative aspects of online education during the
pandemic stemmed mainly from systemic problems, and
students perceived these aspects more positively when
adequate planning and preparation were in place. Although
distance education appears sufficient for delivering
theoretical knowledge, it remains inadequate for fostering
perceived professional competence in clinical and technical
skills. Face-to-face clinical practice enhances students’
perceived professional competence and self-efficacy in
applied skills. Hybrid education, which combines online
theoretical instruction with in-person clinical practice,
improves students’ perceptions of professional competence
and supports their preparedness for professional roles.
Therefore, in health education programs such as First Aid
and Emergency Aid, a hybrid education model that includes
face-to-face practical training should be prioritized over
fully online education.
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In light of these findings, future research should
investigate how hybrid education models can be further
optimized to balance theoretical knowledge acquisition
with clinical skill development. It is also recommended
that future studies include larger and more diverse samples
from various universities and employ research designs
that integrate subjective perceptions of competence with
objective assessments of knowledge and performance.
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Re-Establishing Scientific Bridges with Our Cultural Heartland:
The Case of the Damascus School of Medicine

Gonul Cografyamizla Yeniden Bilim Kopruleri Kurmak Baglaminda: Sam
Mekteb-i Tibbiyesi
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Background: This study examines in detail the Damascus School of Medicine (Sam Mekteb-i Tibbiyesi), established by the Ottoman
Empire during difficult times to provide modern medical education, with respect to its academic and administrative staff, curriculum,
and the functioning of its educational programs from its establishment to its closure. The aim of the study is to elucidate the
relationship between the medical schools that the Empire established in the capital and the Damascus School of Medicine.

Materials and Methods: The primary sources for this study are archival documents that contain significant information on the
establishment, operation, and closure of the Damascus School of Medicine, as well as the book “Sam Tiirk Tibbiye Mektebi” (The
Turkish School of Medicine in Damascus) by Ali Riza Atasoy, who served as an administrator of the school for a period of time. These
sources have been analyzed within the context of the research question.

Results: The Damascus School of Medicine was structured as a direct extension of the schools in istanbul. The curriculum
was implemented identically, the language of instruction was Turkish, and diplomas were issued in istanbul. The teaching and
administrative staff were also drawn from the medical schools in Istanbul. This structure enabled the school to train qualified
healthcare personnel within a short period.

ABSTRACT

Conclusion: The Damascus School of Medicine stands as the most concrete provincial representation of centralized medical
education in the Ottoman Empire. Its strong structural ties to Istanbul made it a significant conduit for modern medical education
outside Anatolia. However, with the loss of Ottoman sovereignty over Syria, this institution was relegated to the background of
historical memory.

Keywords: The Damascus School of Medicine, medical education, Ottoman Empire, Abdulhamid Il

Amag: Bu calismada Osmanli imparatorlugu’nun zor zamanlarinda modern tip egitimi vermek tizerek kurmus oldugu Sam Mekteb-i
Tibbiye’si,kurulusundan kapanisina kadar gecen zaman diliminde akademik ve idari kadrosu, mufredati,egitim programlarmnin isleyisi
gibi konular bakimdan detayli bir sekilde ele alinmistir. incelemeler sonucunda imparatorlugun payitahtta kurdugu tibbiyelerle Sam
Mekteb-i Tibbiyesi arasindaki iliskiyi ortaya koymak amaclanmistir.

Gereg ve Yontemler: Calismada Sam Mekteb-i Tibbiyesi'nin kurulusu, isleyisi ve kapanisina dair onemli pek cok bilgiyi iceren arsiv
vesikalari ve okulun bir dénem idareciligini de yapmis olan Ali Riza Atasoy’un “Sam Tiirk Tibbiye Mektebi” adli eseri birincil kaynaklar
olarak ele alinmis, aragtirma sorusu baglaminda analiz edilmistir.

Bulgular: Sam Mekteb-i Tibbiyesi, istanbul’daki mekteplerin dogrudan bir uzantisi gibi yapilandinilmistir. Miifredat birebir uygulanmis,
ogretim dili Tirkce olmus, diplomalar istanbul’dan génderilmistir. Egitim ve ydnetim kadrolar da Istanbul'daki tibbiyelerden
saglanmistir. Bu yapi, mektebin kisa siirede nitelikli saglik personeli yetistirmesine imkan saglamistir.
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¢ikmasiyla bu kurum tarihsel hafizada geri plana itilmistir.

Introduction

During a period of political, military, and economic
turbulence in the Ottoman Empire, educational
modernization gained momentum due to the efforts of
Sultan Abdulhamid Il. The intense demand for trained
physicians from both the army and the populace caused
these efforts to focus on medical schools as well. The
renewal of medical education institutions, which began in
the first quarter of the 19* century, led to the establishment
of three modern medical schools by the beginning of the
20t century: two in the capital city and one in Damascus.

Tibhane-i Amire was the first Western-style military
medical school, established to meet the need for military
physicians,and it began its educational activities on March
14,1827, in the Tulumbacibasi Mansion in $Sehzadebasi. In
1836, the school was relocated to the Otlukcu Barracks at
Sarayburnu. With the Tanzimat reforms, it was moved to
Galatasaray, renamed Mekteb-i Tibbiye-i Adliye-i Sahane in
1839,and its language of instruction was changed to French.
After the building was completely destroyed in a fire in
Beyoglu in 1848,education continued at the Humbarahane-i
Amire. After being located here for a long period, the school
was moved first to the Gergeroglu Mansion because of
the 1865 cholera epidemic, and then, after the epidemic
ended, to the Demirkapi Barracks in Sirkeci (1).Just as the
school’s Tibhane-i Amire —the first western-style medical
school—constantly changed its location, the duration and
content of its education also varied over the years. With
the 1839 transition to French-language education, the
duration of study gradually increased to 10 years, resulting
in substantially fewer graduates and a failure to meet the
demand for physicians. The primary factor identified as
causing the very low number of graduates, despite all the
support, was instruction in a foreign language (2). To solve
this problem, a new school was established to train civilian
physicians solely to meet the growing health needs of the
public; it provided medical education in Turkish. Thus, the
second medical school, named Mekteb-i Tibbiye-i Milkiye
(non-military medical school), began its educational
activities on March 3,1867,in the Menemenli Mustafa Pasha
Mansion. The benefits of Turkish-language education were
quickly recognized,and in 1870 the language of instruction

Sonug: Sam Mekteb-i Tibbiyesi, Osmanl'da merkezi tip egitiminin tasradaki en somut temsilidir. istanbul’la kurdugu giiclii yapisal
baglar,onu modern tip egitiminin Anadolu disindaki 6nemli bir tasiyicisi haline getirmistir. Ancak Suriye’nin Osmanli hakimiyetinden

Anahtar Kelimeler: Sam Mekteb-i Tibbiyesi, tip egitimi, Osmanli imparatorlugu, Il. Abdiilhamit

at the military medical school was changed from French to
Turkish (1).

Many problems arose because buildings allocated
for medical education were not originally constructed
as medical schools. In the 1890s, numerous complaints
regarding the poor physical conditions of the medical
school reached the palace. Consequently, by decree of Sultan
Abdulhamid I1, the construction of a new building for the
military medical school began in Haydarpasa in 1895 (3).
The foundations of the new medical school building were
laid with prayers on February 11 (16 Sha’ban), the Sultan’s
birthday; education began on November 6, 1903, when the
Mekteb-i Tibbiye-i Sahane relocated to the new building. By
1909, the military and civilian medical schools were merged
into the Haydarpasa Building and continued to operate as
Darulfunun-i Osmani Faculty of Medicine until 1933 (3).

From the outset, there was a desire to extend these
significant educational developments in the capital to other
major centers across the Ottoman Empire, and efforts were
made toward that end. Abdulhamid Il, who took a particular
interest in this matter, planned to establish educational
centers in various regions such as Halep, Bursa, |zmir, and
Diyarbakir to expand modern medical education (4,5). The
Damascus School of Medicine, established on August 31,
1903, emerged from these efforts and became the first
and only medical school founded outside the capital (6).
The opening of this medical school during such a period of
financial, military, and political constraints was influenced
not only by Abdulhamid II's emphasis on education but also
by the missionary and propaganda activities of increasingly
prevalent foreign schools in Damascus (7). The medical
school,which began its education in the Ziver Pasha Mansion
in 1903, was only able to move to its permanent building,
constructed in the garden of the Damascus Hamidiye Gureba
Hospital, on March 21, 1914. Education was provided in this
building, which was constructed entirely by the Ottoman
Empire, for only two years. With the outbreak of World War
| and the spread of the conflict to the province of Syria, the
medical school was relocated to Beirutin 1916.Following the
occupation of Beirut on October 4,1918, the medical school
was closed, and its instructors were arrested (4). During the
brief period it provided education, the Damascus School of
Medicine graduated 240 doctors and 289 pharmacists (8).
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This study aims to examine the Damascus School of
Medicine, established by the Ottoman Empire to provide
modern medical education during its difficult period, from
its founding to its closure, through analysis of archival
documents and primary sources from the period regarding
its academic and administrative staff, curriculum, and
the operation of its educational programs. It also aims to
elucidate the relationship between the medical schools
founded in the imperial capital and the Damascus School
of Medicine.

Materials and Methods

In this study, the period from the establishment of the
Damascus School of Medicine to its closure, as well as
its academic and administrative staff, curriculum, and the
functioning of its educational programs, were examined in
detail, while the school’s relationship with other medical
schools in the capital was analyzed at each of these stages.
For this purpose, archival documents, which contained
records of nearly all relevant processes, and the work “Sam
Turk Tibbiye Mektebi” (The Turkish School of Medicine
in Damascus) by Ali Riza Atasoy, who also served as an
administrator of the school for a period, were treated as
primary sources. All relevant documents and secondary
sources were analyzed within the context of the study’s
question.

Results

The Establishment of the Damascus School of Medicine

Requests for the establishment of a medical school in
Damascus were conveyed to the imperial capital on various
occasions by regional administrators, beginning in the early
1890s. In 1892, a series of reports was sent to the central
government, first by the Director of Education for Syria and
then by the Health Inspectorate of Syria (9,10) (Figure 1).
These reports mentioned the growing influence of foreign
medical schools in the regions of Syria and Lebanon and the
necessity for the Ottoman State to open a medical school to
counter them. One of the foreign schools was the American
Medical and Pharmacy School of Beirut, established in 1865
as a college complex with preparatory, higher-education,
and medical sections, while the other was the St. Joseph
Faculty of Medicine, established in Beirut by the French in
1883 (7).

The second report, which provided a comprehensive
account of the foreign medical schools, noted that these
institutions engaged not only in educational activities but
also in certain missionary practices,and recommended that
measures be taken to address this situation. The estimated

budget required for the construction and operation of the
proposed medical school was also detailed, item by item, in
the same report (10). In 1895, the Inspector of Agriculture
for Syria and Beirut drafted another report on the same
issue, but the central government responded negatively,
citing insufficient funds (10).

Finally,a 1900 report by Mirliva Hayreddin Pasha stated
that physicians graduating from the Mekteb-i Tibbiye-i
Sahane and the Mekteb-i Tibbiye-i Miilkiye could not meet
the public’s need for doctors, noted that foreign schools
exploited this need as an opportunity for missionary
activities, and recommended the establishment of a new
medical school (10,11). The response to this report was
also that, although it was acknowledged that many benefits
would result from establishing the requested school, it was
not possible due to economic constraints (10).

Despite the Sultan’s wish, the public’s clear need, and
the officials’ persistent demands, financial inadequacies
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Figure 1. Proposal sent from the Syrian province health
inspectorate.
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repeatedly prevented the school’s construction. However,
persistent reports ensured that the urgency and importance
of the need for the medical school were understood in
the capital, and action was taken to establish the medical
school in Damascus despite wartime conditions. The budget
required for the establishment of the medical school and
its affiliated clinical hospital was determined based on the
expenses of the Mekteb-i Tibbiye-i Miilkiye in istanbul. For
a period, calculations were performed to determine where
and how the budget could be met, and new tax items were
introduced (4). Finally, on April 16,1903, an imperial decree
establishing a medical school in Damascus was issued,
stipulating that the school be built in the garden of the
Damascus Hamidiye Gureba Hospital (12) (Figure 2).Because
it was desirable to start education as soon as possible,
the Ziver Pasha Mansion on Salihiye Avenue in Damascus
was deemed a suitable temporary location until the new
building was completed. With the Sultan’s permission, the
school opened on August 31, 1903, and officially began
education on October 5,1903 (10) (Figure 3).
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Figure 2. The decree regarding the opening of the school.
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In addition to medical education, pharmacy education
was initiated as a single class at the school. A three-year
curriculum in pharmacy was established, and the school
produced its first graduates in 1906 (13). The graduation
ceremony was conducted in the same manner as for
pharmacists graduating from the Mekteb-i Tibbiye-i Sahane,
and the students’ diplomas were prepared and sent from
istanbul (14) (Figure 4). By 1909, ten students who had
completed their six-year education were the school’s first
medical graduates (10). The diplomas of these students
were similarly prepared by the Dariilfinun-i Osmani Faculty
of Medicine, which was established by the merger of the
civilian and military medical schools in istanbul. By 1914,
the school had moved from the Ziver Pasha Mansion into its
permanent building, which was constructed in the garden
of the Damascus Hamidiye Gureba Hospital. Due to the
outbreak of World War I, the medical school was able to
continue its educational activities at this location for only
two years (4). It continued its educational activities in Beirut
for another two years, from 1916 to 1918.

Figure 3. Groundbreaking ceremony for the Damascus Medical

School.
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Figure 4. Document stating that the diplomas of graduates of the

pharmacy class of the Damascus Medical School were printed at
the Mektebi Tibbiye-i Miilkiye.
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The School’s Administrators
Founding Director

Feyzi (Hasan) Pasha

After the imperial decree establishing the Damascus
School of Medicine was issued, Feyzi (Hasan) Pasha,who was
in Damascus at the time as the head of the Syrian Health
Commission to combat a cholera outbreak, was appointed
both to lead the school’s establishment and to serve as its
director for a period (1,8,10,15) (Figure 5). Feyzi Pasha was
a well-trained physician who graduated with first-class
honors from the Mekteb-i Tibbiye-i Sahane in 1871, after
which he went to Paris to complete his specialization in
internal medicine alongside prominent physicians of the
era. He then returned to his alma mater to assume the role
of professor of internal medicine. He served as the founding
director of the Damascus School of Medicine (1).

First Director Doctor Memduh

Four months after the school’s opening, Feyzi Pasha
returned to Istanbul, and Mr. Memduh—who had been an
assistant in obstetrics and gynecology (fenn-i kibale) at the
Mekteb-i Tibbiye-i Milkiye in Istanbul—was sent to serve
as director (8,16). A committee responsible for the school’s
administrative affairs also arrived with Doctor Memduh
(8). This committee included Mr. Ali, secretary; Mr. Zeki,
surgeon; Mr. Ethem, pharmacist; Mr. Mehmet Emin, librarian;
Mr. ibrahim Fikri, museum officer; Mr. Vasil el-Mueyyed,
accounting officer; Mr. Necati, head prefect; Mr.Riza, prefect;
an imam; and service personnel (10).

The school, which operated in Damascus until 1916 and
then in Beirut for two years, had a total of seven directors
during this period. The individuals and their appointment
years are, respectively: Feyzi Pasha (1903), Doctor Memduh
(1903-1907), Doctor ismail Hakki of Milas (1905), Doctor
Serif (1909), Doctor Arifi Pasha (1912), Doctor Hasan Resat
(1913), and Doctor Ethem Akif (1915) (17-22). With the
exception of Feyzi Pasha, all the others had graduated from
the Mekteb-i Tibbiye-i Milkiye and were appointed to the
Damascus School of Medicine while serving in various other
posts (8).

The School’s Instructors

First Instructors

After preparations to establish the school and its
instructional building were completed, the process of
identifying and appointing instructors for first-year courses
began. For this purpose, a competition was held on July
20, 1903, among physicians who had graduated from the

medical schools in istanbul (4). Mr. ismail Hakki and Mr.
Mustafa Hakki won the competition and were appointed as
the school’s first instructors (8). Mr. ismail Hakki,an assistant
instructor of natural philosophy, physics,and geology at the
Civilian School of Medicine in Istanbul, was assigned to
teach the same courses at the Civilian School of Medicine
in Damascus. Similarly, Mr. Mustafa Hakki, who served as an
assistant instructor for organic, inorganic, and analytical
chemistry courses in istanbul, was assigned to Damascus
as the instructor for these subjects (8,23). The instructors,
whose appointment decrees were issued on September 8,
1903, set out for Damascus on September 29,1903 (4).

Academic Staff

As a result of appointments made in late 1903 and early
1904, the academic staff for the school’s first-year class
was completed (4). Accordingly, Mr. Ligor was appointed
assistant chemistry instructor to Mr. ismail Hakki and Mr.
Mustafa Hakki (24,25); first, Mr. Mustafa and then Mr. Bedri
were appointed French! instructors; Mr. Mehmet Latif was
appointed religious studies? instructor; and Mr.Abdilvehhap
was appointed Turkish instructor (4,8,26-28).

The newly established school’s material deficiencies and
physical needs were met over time, and the academic staff
was expanded to accommodate the addition of new classes.
All the school’s instructors were graduates of the medical
schools in Istanbul and were appointed to Damascus from
various duties in those schools or Anatolia (8,10). Archival
records from the period indicate that the instructors to be
sent were examined,and those who passed the examination
were appointed (28,29).

Set of Regulations

The Damascus School of Medicine was, like other
medical schools,administratively attached to the Ministry of
Education and academically to the Council of Instructors of
istanbul Medical School. Immediately after its establishment,

1 BOA, MF.MKT., 827/48, 20 Zi.1322 (26 January 1904). According to this
document, Mr. Mustafa was first appointed as the French instructor for
the school, but upon his resignation, Mr. Bedri was appointed on the
same date. Likely due to his short tenure, Ali Riza Atasoy directly men-
tions Mr. Bedri as the first French instructor. See also: Atasoy AR. Sam
Tiirk Tibbiye Mektebi. istanbul: Milli Mecmua Basimevi; 1945. p. 10.

2 BOA, MF.MKT.,, 821/34,19 $ 1322 (27 December 1904). The document
concerning the instructor’s appointment could not be found; however, it
is understood from this record that he was dismissed due to his insuffi-
cient Turkish. Atasoy mentions Mr.Abdulaziz of Damascus as the religious
studies instructor, but no supporting document could be found. See also:
Atasoy AR. Sam Tiirk Tibbiye Mektebi. istanbul: Milli Mecmua Basimevi;
1945, p. 10; ihsanoglu E. Suriye’de Modern Osmanli Saglik Miiesseseleri,
Hastahaneler ve Sam Tip Fakultesi. Ankara: Tirk Tarih Kurumu; 1999. p.
41; Tuna A. Sam Mekteb-i Tibbiyesi [Master’s thesis]. Istanbul: Istanbul
University, Department of History, Institute of Social Sciences; 2018. p.
41.
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Figure 5. Doctor Ferik Feyzi Pasha.

the Ministry of Education prepared and submitted a set
of regulations to define both the administrative and
educational activities of the school. The regulations were
not immediately approved by state officials and remained
pending for some time,during which problems arose. Finally,
in 1906, it was decided that the Regulations of the Medical
Schools in istanbul would be implemented at the Damascus
School of Medicine, thereby aligning it with the regulations
as the medical schools in istanbul (4).

For a short period, the school was attached to the Ministry
of Education for financial affairs and to the Ministry of Military
Schools for instructor appointments and the preparation of
diplomas.In 1908, it was reaffiliated with the Ministry of Education,
along with the Mekteb-i Tibbiye-i Miilkiye in istanbul (30).A year
later, when the civilian and military medical schools in istanbul
were merged in the Haydarpasa building and became a branch of
the Ottoman University under the name “Faculty of Medicine, the
Damascus School of Medicine similarly became a branch of the
Darilfiinun. A document dated May 18,1915, records the school’s
name as “Dariilflinun-1 Osmani Tib Fakiiltesi Sam Tabip Eczaci
Subeleri” (Ottoman University Faculty of Medicine, Damascus
Branches for Physicians and Pharmacists) (31) (Figure 6). The “Tip
Fakiiltesi ve Sudbati Nizamnamesi” (Regulations for the Faculty of
Medicine and its Branches), created for the Darilfin(n-1 Osmani
Faculty of Medicine on March 5,1916, also became applicable to
the Damascus School of Medicine (10).

Curriculum

Three months after the imperial decree establishing
the Damascus School of Medicine, which was founded to
provide medical and pharmacy education, was issued, the
Ministry of Education prepared a curriculum consistent with

Figure 6. Directorate of the Damascus Medical and Pharmacist
Branches of the Dariilfiiniin-1 Osmani Medical Faculty.

the civilian medical school in istanbul (32). Furthermore,
the first set of regulations presented to the Babiali included
the statement: “The school is divided into six classes, and
all courses taught in the medical schools in istanbul will
be taught here” (4). According to this program, medical
education was designed to last six years, and pharmacy
education was designed to last three years. Unlike at other
medical schools, Turkish language classes were added to
the curriculum and continued annually through the fifth
year. This harmony between the schools continued after the
transition to the DarilfiinGn-1 Osmani Faculty of Medicine
in 1909. Indeed, the courses in French, biographical
historiography (tabagat), and scribal arts (kitabet), which
had been removed from the curriculum of the Faculty of
Medicine in 1909, were also removed from the Damascus
School of Medicine in the same year (33).

Student Admission Requirements

For students enrolling in the school's medical
department, the requirements were to have graduated
from a preparatory school or to demonstrate equivalent
knowledge by passing an examination. Requirements for
students enrolling in the pharmacy department included
graduating from middle school and having worked in a
pharmacy for three years (34). 1t was stated that the relevant
diplomas must include documentation of completion of a
Turkish language course (4). Additionally, requirements for
both medical and pharmacy students included possessing
a certificate of good character attested by three prominent
individuals from their neighborhood and endorsed by the
neighborhood headman and being no older than sixteen
years of age (4,34). It was announced that students could
register from the beginning of September to the end of
October (34). Students enrolled in the Damascus School of
Medicine had the same rights as students at the istanbul
medical schools and were exempt from military service (4).
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Procurement Services and Foreign Students

To enable the school to offer a complete, high-quality
education as soon as possible, efforts were made to supply
necessary educational and other supplies expeditiously (35—
38). To complete the procurement at the lowest possible cost,
authorities ordered that materials arriving for the school be
exempt from customs duties and that the relevant equipment
be delivered promptly to the school, without being held up
at customs (39-41). After the needs were met, and especially
once educational procedures were established quickly, the
school’s student population grew rapidly and became more
diverse (4). Notably, four years after the school opened,
archival documents from the period indicate that some foreign
students enrolled in schools in Beirut applied to transfer their
enrollment to the Damascus School of Medicine (42). Similarly,
foreign nationals who wished to enroll in the medical schools
in both Damascus and istanbul were permitted to register if
they met the necessary conditions (43-45).An examination of
the school’s entire student body showed that the vast majority
were Muslim Arabs, with smaller numbers of Christian Arabs,
Jewish Arabs, and Turks (8).

Student Exchange

Occasionally,students transferred between the Damascus
School of Medicine and the medical schools in istanbul. An
example of this is Mr. Salih Ahmet of Damascus,a pharmacy
student who wished to transfer his registration from the
Dariilfiinun-1 Osmani Faculty of Medicine in istanbul to the
Damascus School of Medicine (41). In some cases, requests
from students expelled from the Civilian School of Medicine
for absenteeism or disciplinary violations to transfer to the
Damascus School of Medicine to complete their education
were accepted (46-49).

Examinations

While classes at the school continued uninterrupted
throughout the year, a final examination was held for each
course at the end of the academic term. In the examinations,
students’ performance was classified into four categories:
aliyyl’l a’la (excellent), a’la (very good), karibi'l-a’la (good),
and sifir (fail). A student who failed one course was required
to take a supplementary examination; a student who failed
the supplementary examination or received failing grades
in two courses was required to repeat the year. Successful
students were entitled to advance to the next class (10,50)
(Figure 7). The examinations were conducted orally by a
delegation sent from istanbul, which also certified the
diplomas of the foreign schools in Beirut (51). The school’s
entrance examinations, like the final examinations for
medical and pharmacy students, were also conducted by
this delegation (52).

Diplomas and Award Ceremonies

The first graduates of the Damascus School of Medicine
were pharmacy students who completed the three-year
program and passed the general examination (53). As
with all subsequent graduations, the regulations of the
Mekteb-i Tibbiye-i Milkiye in Istanbul were applied
exactly to these students’ diplomas and graduations
(13,54). After the delegation from istanbul conducted the
general examinations, an award ceremony was first held
in the presence of the instructors, students, and the public
(55). Afterward, the diplomas prepared in istanbul, sent to
Damascus,and lacking the signatures of the local instructors
or administrators were presented to the graduating students
(8,14). Finally, the students who completed their pharmacy
education with the first- and second-highest honors were
awarded the gold medal in education (56). Aside from
graduation, the request to implement award ceremonies at
the Damascus School of Medicine for the top three medical
and pharmacy students in the final examinations of the
Mekteb-i Tibbiye-i Mulkiye was accepted, and a special
budget was allocated for this purpose (10). At the end of
its approximately fifteen years’ educational service, 529
students had graduated from the school, including 240
physicians and 289 pharmacists (8).

The Mobilization Years, the School’s Relocation to Beirut,
and Its Closure

The Damascus School of Medicine was also affected
by the First World War, which began on July 28, 1914, and
encompassed all Ottoman territories. At the onset of the
war, educational activities were suspended temporarily,
during which the school’s administration was transferred
from the Ministry of Education to the Ministry of Foreign
Affairs. During the suspension of education, the instructors
and students of the Damascus School of Medicine, like
those of the medical school in Istanbul, were conscripted
and assigned to various fronts (4,57,58). At this time, the
possibility of moving the school to Beirut, which had been
raised previously, was discussed again; the school director
stated that, if such a plan existed, official procedures would
need to be initiated. Thereupon, it was decided to relocate
the school and some other institutions from Damascus to
Beirut (4,10). Thus, the Damascus School of Medicine was
relocated to the French Medical School building in Beirut
and renamed Beirut Medical School (59).

Some time after relocating to Beirut, the school
continued its operations to meet the army’s needs for
trained physicians during the war. To address the shortage
of academic staff, the school’s instructors who were serving
in the army were discharged from military service. While
the war continued at full intensity, with the occupation first
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of Palestine and then of Damascus, the school’s instructors
requested that the governorate of Damascus relocate the
school to Antep. The governorate did not initially take
this request seriously, but when its justification was later
understood, the relocation could not be carried out because
the roads were held by enemy forces. The school, which had
existed in Beirut for about three years, was permanently
closed when the city was occupied on October 4,1918 (4).

Discussion

The Ottoman Empire owes its ability to persist for
centuries not only to its numerous other characteristics
but also, in part, to its robust institutions. Educational
institutions are at the forefront of these. By the last century,
when the Empire was beset by various wars and troubles,
the prescription for salvation was again accepted as the
reorganization of educational institutions in accordance
with modern scientific understanding. Sultan Abdulhamid
Il continued to develop and expand these renewal efforts
initiated by his predecessors. To this end, he first laid
the foundations for the new medical school building in
Haydarpasa in 1895 to solve the long-unresolved spatial
problem of the Mekteb-i Tibbiye-i Sahane. This structure,
which began its educational activities on November 6,1903,
incorporated the civilian medical school six years later (in
1909) and thereafter served under the name Darilfinun-i
Osmani Faculty of Medicine.

Within the same time frame, successive letters from
the Empire’s province of Syria to the capital reported both
the public’s serious need for physicians and the presence
of foreign schools conducting missionary activities that
exploited this need, and called for the establishment of a
medical school in the region as soon as possible. Despite
these reports and the Sultan’s ambition to spread modern
medical institutions throughout the Empire, financial
constraints temporarily delayed construction of the school.
However, over time the urgency and importance of the need
became apparent, and, with great sacrifices by the public
and the palace, the Damascus School of Medicine, which
provided medical education in Turkish, was established in
Damascus.

The Damascus School of Medicine, the Empire’s third
medical school, operated in a manner that was, in many
administrative and academic aspects, harmonious with
and at times even subordinate to the medical schools in
istanbul. ALl of the school’s administrative and academic
personnel were appointed from the capital. Instructors
were selected based on the results of a central examination
administered to graduates of medical schools in Istanbul.
Likewise, the curriculum of the istanbul medical schools
was implemented unchanged in Damascus,and any change

made to the curriculum in istanbul was applied to the
Damascus school shortly thereafter. The school’s general
examinations were conducted by a team of instructors sent
from Istanbul, and the diplomas were designed, printed, and
sent from there. A ceremony similar to that held for the top
graduates of the istanbul medical schools was also organized
for the graduates of the Damascus School of Medicine. The
school’s expenses; the school operated in Damascus for
thirteen years and in Beirut for two years between 1903
and 1918, ranging from educational materials to all other
expenditures, were covered by the central government.

The relationship between Damascus and istanbul,
through the Damascus School of Medicine, was not merely
a one-sided provision of services from istanbul. During the
First World War, the school’s instructors and students were
mobilized and served on the front lines in defense of the
homeland. Furthermore, during the short fifteen years it
was active, it graduated 240 doctors and 289 pharmacists
who assumed duties in various regions of the empire to
meet the public’s healthcare needs. The school served as a
virtual administrative, scholarly,and human bridge between
Damascus and Istanbul.

Conclusion

It has been 122 years since 1903, the year in which the
Mekteb-i Tibbiye-i Sahane began its educational activities
in the Haydarpasa building and a Turkish Medical School
was founded in Damascus. At that time, Syria ceased to be
part of the homeland; the Damascus School of Medicine
was closed; and the medical school building in Haydarpasa,
despite having endured various hardships, continued to
be used as an educational institution, albeit for different
purposes. On April 15, 2015, the Mekteb-i Tibbiye-i Sahane
building in Haydarpasa was allocated to the University of
Health Sciences, thereby restoring its historical identity; our
university has embraced the intellectual legacy of Sultan
Abdulhamid I, undertaking the mission of disseminating
modern medical education throughout our cultural heartland.
As long as the adherents of an ideal maintain their existence
and intellectual continuity, everything is bound to return
to its origin sooner or later. In this vein, our country, as in
the past, began restoring education and health services to
the region by opening the University of Health Sciences
Cobanbey Faculty of Medicine on February 5, 2021, under
very difficult conditions while the Syrian civil war raged.
At present, as Syria gradually regains its freedom, it is time
for the Damascus School of Medicine building, which still
stands,to be restored. The reopening of the Damascus School
of Medicine as a medical school, housed in its own historic
building and enabled through an educational affiliation with
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the University of Health Sciences—which has been based in
the historic Mekteb-i Tibbiye-i Sahane building in Haydarpasa
since its inception—holds significant meaning for our past,
present, and future. Through this, not only will the revival
of this important scientific heritage be achieved, but the
meaningful scientific support provided by today’s medical
students will also contribute to the region’s rapid recovery.
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The Role of Pulmonary Function Tests in Preoperative Pulmonary
Risk Assessment in Patients with Known and Suspected Pulmonary
Disease

Bilinen ve Supheli Akciger Hastaligi Olan Hastalarda Preoperatif Pulmoner
Risk Degerlendirmesinde Solunum Fonksiyon Testlerinin Rolu

® Gulhan Ayhan Albayrak

University of Health Sciences Tiirkiye, Sisli Hamidiye Etfal Training and Research Hospital, Department of Chest Diseases, Istanbul, Tiirkiye

Background: This study aims to evaluate the diagnostic accuracy of preoperative oxygen saturation (SpO,) measurements and
advanced pulmonary function tests (PFTs) in predicting postoperative pulmonary complications (PPCs) in patients with known or
newly diagnosed pulmonary disease who are undergoing elective surgery. The objective is to determine the predictive value of these
tests for PPC risk assessment, thereby improving surgical risk stratification and facilitating the development of targeted preventive
strategies for high-risk patients.

Materials and Methods: This study analyzed data from patients with known pulmonary disease (n = 92) and newly diagnosed
pulmonary disease (n = 108) who underwent elective surgery at University of Health Sciences Tirkiye, Sisli Hamidiye Etfal Training
and Research Hospital between 2022 and 2023. Patients were assessed preoperatively using the CANET scoring system to evaluate
the risk of PPCs. Preoperative SpO, and PFT measurements, including Forced Expiratory Volume in One Second (FEV,) and Forced
Vital Capacity (FVC), were compared between groups by logistic regression analysis to predict PPCs (p < 0.05).

ABSTRACT

Results: Logistic regression analysis demonstrated that low SpO, values (odds ratio [OR] = 0.66,95% confidence interval [CI] [0.50-
0.88], p = 0.004) were significant risk factors for the development of PPCs in Group 1 (known pulmonary disease), while low FEV,
values (OR = 0.98,95% Cl [0.96-1.00], p = 0.030) were significant risk factors in Group 2 (newly diagnosed pulmonary disease).

Conclusion: This study highlights the importance of evaluating preoperative SpO, and PFTs jointly in risk assessment using the
CANET scoring system, especially in patients with pulmonary disease. Particularly in patients with newly diagnosed pulmonary
disease, consideration of PFT results is critical for predicting and preventing PPCs. Integrating PFTs into surgical risk assessment
protocols can improve patient outcomes.

Keywords: Spirometry, complications, postoperative, pulmonary, risk factors

Amac: Bu calismanin amaci, elektif cerrahi gegirecek olan bilinen veya yeni tani konmus akciger hastaligi olan hastalarda
postoperatif pulmoner komplikasyonlari (PPK) tahmin etmedeki preoperatif oksijen satlrasyonu (SpO,) 6lglimlerinin ve solunum
fonksiyon testlerinin (SFT) tanisal dogrulugunu degerlendirmektir. Boylece, bu testlerin PPK risk degerlendirmesi icin 6ngoru
degerini belirlemek, boylece cerrahi risk siniflandirmasini iyilestirmek ve yiiksek riskli hastalar i¢in hedeflenen Onleyici stratejilerin
gelistirilmesini kolaylastirmaktir.

Gereg ve Yontemler: Bu calismada, 2022-2023 yillari arasinda Saglik Bilimleri Universitesi, Sisli Hamidiye Etfal Egitim ve Arastirma
Hastanesi'nde elektif cerrahi gegirecek olan bilinen (n = 92) ve yeni tani almis (n = 108) akciger hastaligi olan hastalarin verileri
analiz edildi. Hastalar, PPK riskini degerlendirmek icin preoperatif CANET skorlama sistemi kullanilarak degerlendirildi. PPK’ Leri
tahmin etmek igin zorlu ekspiratuar volim (FEV,) ve zorlu vital kapasite (FVC) dahil olmak Gzere ameliyat 6ncesi SpO, ve PFT
olcumleri lojistik regresyon analizi kullanilarak gruplar arasinda karsilastirildi (p < 0,05).
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Bulgular: Yapilan lojistik regresyon analizi, diistik SpO, degerlerinin (olasilik orani [OR] = 0,66, %95 glven araligi [GA] [0,50-0,88],p
= 0,004) Grup 1'de (bilinen akciger hastaligi) PPK gelisimi icin 6nemli bir risk faktori oldugunu, diigtik FEV, degerlerinin (OR = 0,98
(0,96-1,00), %95 Cl,p = 0,030) Grup 2’de (yeni teshis konulmus akciger hastaligi) dnemli bir risk faktorl oldugunu gosterdi.

Sonug:Bucalisma,ozellikle akciger hastaligiolan hastalarda CANET puanlamasisteminikullanarak preoperatifriskdegerlendirmesinde
preoperatif SpO, ve SFT sonuglari ile birlikte degerlendirmenin énemini vurgulamaktadir. Ozellikle yeni teshis konmus akciger
hastaligi olan hastalarda, SFT sonuclarini dikkate almak PPK’leri tahmin etmede ve 6nlemede kritik bir rol oynar. SFT’ leri cerrahi risk
degerlendirme protokollerine entegre etmek hasta sonuglarini iyilestirebilir.

Anahtar Kelimeler: Spirometri, komplikasyonlar, postoperatif, pulmoner, risk faktorleri

Introduction

Pulmonary diseases, such as chronic obstructive
pulmonary disease (COPD), asthma, bronchiectasis, lung
cancer, and pleural effusion, pose significant risks during
surgical procedures. The frequent underdiagnosis of these
conditions increases the risk of postoperative complications.
Given that a substantial proportion of COPD patients
(78%) remain undiagnosed, the development of advanced
screening methods is crucial. Accurate preoperative
diagnosis of pulmonary diseases is vital but challenging,
even with guidelines such as GOLD. There is a need for more
effective strategies to identify and manage these conditions
before surgery to reduce surgical risks and postoperative
pulmonary complications (PPCs) (1).

Reducing surgical risks involves thorough preoperative
assessment, focusing on modifiable risk factors. Anesthetic
evaluation is crucial for managing anesthesia-related
complications. Consultation with a pulmonologist for
pulmonary disorders is vital. This combined approach of risk
assessment,anesthesia evaluation,and pulmonologist input
significantly improves patient safety and reduces morbidity
and mortality during surgery (2).

Evaluating pulmonary function is crucial for predicting
potential complications and mortality in surgical patients.
A decline in lung function during the perioperative period
significantly elevates these risks. Although pulmonary
function tests (PFTs), such as spirometry, are commonly
employed for preoperative risk assessment, the scientific
community debates their efficacy in predicting PPCs. PPCs
frequently arise from substantial lung function impairment
due to surgery-related factors. Therefore, identifying these
factors is essential for accurate risk stratification and PPC
prevention. Further investigation is needed to elucidate the
predictive role of PFTs for PPCs(3).

PPCs pose a significant threat to surgical patients,
often leading to conditions such as pneumonia, atelectasis,
respiratory  failure, infections, COPD exacerbations,
pulmonary thromboembolism, and the need for mechanical
ventilation. Identifying potential risk factors for PPCs is
crucial forimplementing preventive measures and improving

patient outcomes. Previous research has explored these risk
factors in specific surgical populations, including those
undergoing upper-abdominal surgery, esophagectomy, total
knee arthroplasty, and coronary artery bypass surgery. By
recognizing and addressing these risk factors preoperatively,
clinicians can substantially decrease the incidence of PPCs
and enhance patient outcomes (4,5).

The CANET scoring system is a valuable tool for assessing
the risk of PPCs such as pneumonia, atelectasis, and acute
respiratory failure. It assigns points based on parameters
such as age, preoperative oxygen saturation (Sp0O,), history
of respiratory infection, anemia, the type and duration
of surgery. A higher score indicates a higher risk of PPCs.
This study aims to evaluate the reliability and utility of the
CANET scoring system (which includes SpO, measurements)
and of preoperative PFT results for predicting PPCs in
patients undergoing surgical consultation. Furthermore,
it emphasizes the importance of preoperative pulmonary
assessment in surgical patients newly diagnosed with
respiratory diseases. The study utilized the CANET scoring
system to determine preoperative pulmonaryrisk in patients
with newly or previously diagnosed respiratory diseases (6).

Materials and Methods

Study Population

This study included 200 patients, aged 18 years or
older, who requested preoperative pulmonary evaluation
at the Department of Chest Diseases Clinics of University
of Health Sciences Turkiye, Sisli Hamidiye Etfal Training
and Research Hospital Hospital between January 1, 2022,
and January 1, 2023, prior to undergoing elective surgery.
The study population consisted of patients who underwent
preoperative pulmonary assessment. Exclusion criteria
included patients under 18 years of age, patients with
psychiatric illness, and other patients deemed unsuitable
for evaluation.

Data Collection

All necessary data were collected retrospectively
from the hospital’s electronic database. The primary data
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collected included patients’ demographic characteristics,
comorbidities, preoperative Sp0O, values, PFT results, and
CANET scores calculated to assess surgical risk. The PPC,
defined as the primary endpoint, included the following
clinically significant conditions occurring within one
month after elective surgery: asthma exacerbation, COPD
exacerbation, pneumonia, atelectasis, and respiratory
failure. Furthermore, the patients’ need for intensive care
unit (ICU) admission was recorded as a secondary outcome
variable. All patients were scored using the CANET scoring
system to assess the risk of postoperative PPC. During data
collection, consideration was given to preoperative SpQO,
values measured using a standard pulse oximeter while the
patient was resting in room air, and to the results of the
PFT performed using a standardized spirometry device in
accordance with the American Thoracic Society/European
Respiratory Society (ATS/ERS) guidelines. Primarily, the
percent predicted values (% predicted) of Forced Expiratory
Volume in One Second (FEV,), Forced Vital Capacity (FVC),
and FEV,/FVC were recorded during PFTs.

Study Design and Grouping

This observational study uses a retrospective design to
investigate the effectiveness of preoperative assessments
in predicting PPCs. Patients were categorized into two
main groups based on their pulmonary disease status:
Group 1 (Known Pulmonary Disease), which consisted
of patients with a pre-existing diagnosis of a chronic
pulmonary condition such as COPD, asthma, bronchiectasis,
or restrictive disorders; and Group 2 (Newly Diagnosed
Pulmonary Disease), which included patients in whom a
pulmonary disease was diagnosed or first suspected during
the preoperative evaluation, based on chest X-ray and
spirometry results.

Data Analysis

Data from patient files recorded in the hospital system
were used to assess the development of PPC, and a
standardized follow-up protocol was applied to all patients.
All patients were scored using the CANET Scoring System
to assess the risk of postoperative PPCs. During data
collection, preoperative SpO, values (measured using a
standard pulse oximeter while the patient rested in room
air) and the results of PFTs (performed using a standardized
spirometry device in accordance with ATS/ERS guidelines)
were taken into consideration. Logistic regression analyses
were performed to compare the effectiveness of SpO, and
PFTs in predicting PPCs. Receiver operating characteristic
(ROC) curves were used to evaluate the ability of SpO, and
FEV, to predict PPCs, and cutoff values were determined
to optimize sensitivity and specificity for clinical use. To
ensure a clear and clinically meaningful assessment of the

degree of pulmonary impairment, FEV, values (expressed
as a percentage of predicted) were classified into three
distinct categories. These categories are defined as Normal
(>80%), Mild Impairment (60-79%), and Moderate/Severe
Impairment (<60%). During data analysis, the predictive
ability of SpO,, FVC, and FEV, for PPC was assessed using
ROC curves. Subsequently, backward (Wald) multivariable
logistic regression analysis was performed, including
variables with a p-value <0.20 and clinical covariates (age,
sex, and smoking history), to identify independent risk
factors.

Statistical Analysis

Analyses were performed using SPSS Statistics for
macOS§, version 30.0 (IBM Corp., Armonk, NY, USA). Patient
characteristics were presented as n (%) for categorical
variables and mean * standard deviation for continuous
variables, and were compared among diagnostic groups
using the chi-square test or independent-samples t-test,
as appropriate. ROC curves were plotted to evaluate the
discriminative ability of preoperative SpO,, FVC, and FEV,
to predict PPC for all patients and within each diagnostic
group. Logistic regression analyses were then performed
to determine the factors independently associated with
PPC. Initially, each variable was evaluated using univariate
logistic regression analysis. Variables with a p-value
<0.20 in univariate analysis, as well as clinically relevant
covariates (age, sex, and smoking history), were included in
the multivariate model. Multivariate logistic regression was
performed using the backward (Wald) method. The results
were presented as odds ratios (OR) with 95% confidence
intervals (Cl). The threshold for statistical significance was
set at p < 0.05.

Results

The mean ages were 62 * 15 years (Group 1,n =92) and
60 = 15 years (Group 2,n = 108). No significant differences
were found with respect to age, gender, age groups, or
smoking status (p > 0.05). SpO, levels differed significantly
between Group 1 (96.5 = 1.8%) and Group 2 (97 = 1.5%)
(p = 0.038). Although Group 2 had slightly more PPCs, no
significant differences were observed in ICU follow-up (p
= 0.682) or in PPC development (p > 0.05) (Table 1). PFT
results showed a significant difference in FVC, but not in the
FEV,/FVCratio (p > 0.05). FEV, values differed significantly
(p < 0.05). CANET scores showed no significant intergroup
differences (p = 0.401; Table 2).

ROC analysis showed that SpO,, FVC, and FEV, had low
discriminative power for PPCs (area under the curve [AUC]
0.60-0.70). Overall AUCs were as follows: Sp0,,60% (cut-off
96%); FVC,60.2% (cut-off 82%);and FEV,,62.7% (cut-off 79%).
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Group-specific analysis revealed a significant prediction of
SpO, in Group 1 and a significant prediction of FEV, in Group
2.5p0,,FVC,and FEV, significantly affected the development
of PPCs across all patients (p < 0.05); higher values predicted
lower PPC incidence. Group-specific analysis showed SpO,
significance in Group 1 and FEV, significance in Group 2 (p
< 0.05) Logistic regression analysis demonstrated that low
SpO, values (OR = 0.66,95% CI [0.50-0.88], p = 0.004) were
significant risk factors for the development of PPCs in Group
1 (known pulmonary disease), whereas low FEV, values (OR
=0.98,95% Cl [0.96-1.00], p = 0.030) were significant risk
factors in Group 2 (Table 3).

The distribution of risk factors for the development of
PPCs in patients is presented in Table 4. When all patients
were evaluated together, univariate analysis showed that
female sex was associated with a significantly lower risk of
PPC compared with males. Smoking status was identified
as a strong risk factor: the risk of complications increased
4.5-fold among current smokers and approximately 3.7-fold
among former smokers. Furthermore, low SpO,, FVC, and
FEV, were significantly associated with the development of
complications.

Discussion

This study compared two patient groups. Group 1
included patients with a prior diagnosis of lung disease
(e.g., asthma, COPD, bronchiectasis), whereas Group 2
included patients whose lung disease was newly diagnosed
during preoperative pulmonary risk assessment. The
study aimed to determine the risk of PPCs in both groups
using spirometric measurements (PFTs: FEV,, FVC, FEV /
FVC) and the Canet scoring system criteria (SpO,) as part
of preoperative pulmonary risk assessment. Although the
difference was not statistically significant, the proportion
of PPC cases in the newly diagnosed pulmonary disease
group (47.2%) was slightly higher than that in the previously
diagnosed group (33.7%). This numerical difference
may be clinically significant. These patients had neither
been previously diagnosed with respiratory diseases nor
received any follow-up or treatment for them. Preoperative
emergency interventions, such as bronchodilator therapy
and respiratory physiotherapy, were initiated to stabilize
the patients. As previously reported, this study confirms the

Table 1. Baseline characteristics and clinical findings of patients stratified by study groups.

Group-I (n=92) Group-Il (n = 108)
Characteristics p-value
n (%) or mean * SD n (%) or mean = SD
Age (year) 62 £15 60 + 15 0.466
<50 17 (18.5) 28 (25.9)
51-80 68 (73.9) 72 (66.7) 0.449
>80 7 (7.6) 8 (7.4)
Sex 0.646
Male 43 (46.7) 54 (50)
Female 49 (53.3) 54 (50)
Smoking history 0.085
Smoker 9 (20.7) 0(27.8)
Non-smoker 0 (32.6) 44 (40.7)
Ex-smoker 43 (46.7) 4 (31.5)
Comorbidity disease 0 (97.8) 99 (91.7) 0.111
Cancer 0(22.2) 9(19.2)
Hypertension 11 (12.2) 3(13.1)
Heart diseases 4 (4.4) 0(10.1)
Gastrointestinal system diseases 32 (35.6) 27 (27.3)
Diabetes mellitus 2(2.2) 2(2)
Other 21 (23.3) 28 (28.3)
PPC 31 (33.7) 51 (47.2) 0.053
ICU follow-up 12 (13) 11 (10.2) 0.682
Preoperative oxygen saturation SPO, (%) 96.5+1.8 97+ 1.5 0.038
ICU, intensive care unit; PPC, postoperative pulmonary complications; SD, standard deviation; SPO,, preoperative oxygen saturation.
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Table 2. Comparison of preoperative pft results and canet risk score distribution between the study groups.

Group-l (n=92) Group-Il (n=108)
PFT p-value
n (%) or mean = SD n (%) or mean = SD
FVC 80.8 £23.1 717217 0.006
Normal (%) 58 (66.7) 56 (56.6) 0453
Abnormal (%) 29 (33.3) 43 (43.4)
FEV, 78239 70.5+ 233 0.032
Normal (%) 49 (56.3) 32 (32.3)
Mild (%) 21 (24.1) 37 (37.4) 0.004
Moderate/Severe (%) 17 (19.5) 30 (30.3)
FEV,/FVC 78.7%12.6 80.6 +11.8 0.288
Normal (%) 71 (81.6) 82 (82.8) e
Abnormal (%) 16 (18.4) 17 (17.2)
CANET risk score 0.401
Low (below 26 points) 19 (20.7) 28 (25.9)
Medium (26-44 points) 35 (38) 45 (41.7)
High (45 points and above) 38 (41.3) 35(32.4)
FEV,, Forced Expiratory Volume; FVC, Forced Vital Capacity; PFT, pulmonary function test; SD, standard deviation.

Table 3. The effect of PFTs on the development of PPCs.

Group Risk factor AUC (95% CI) Cut-off p-value Sensitivity (%) Specificity (%)
SpO, 0.600 (0.515-0.684) <96 0.022 39.0 80.5
All patients | FVC 0.602 (0.520-0.684) <82 0.019 73.0 49.1
FEV, 0.627 (0.546-0.708) <79 0.003 71.6 53.6
SpO, 0.643 (0.517-0.769) <96 0.032 51.6 73.8
Group-I FvC 0.622 (0.500-0.744) <79 0.068 67.9 61.0
FEV, 0.578 (0.452-0.705) <81 0.239 64.3 55.9
SpO, 0.599 (0.487-0.712) <96 0.089 314 87.7
Group-Il FvC 0.563 (0.450-0.677) <82 0.280 76.1 41.5
FEV, 0.649 (0.540-0.758) <72 0.011 65.2 64.2
Used test: Receiver operating characteristic curve analysis. AUC, area under the curve; Cl, confidence interval; FEV,, Forced Expiratory Volume; FVC, Forced Vital
Capacity; PFT, pulmonary function test; SPO,, preoperative oxygen saturation.

importance of identifying pulmonary complaints during the
preoperative period (7).

Age and gender were similar between groups, but
smoking habits differed. Group 1 had a higher overall
number of smokers, whereas Group 2 had more current
smokers.This aligns with research showing that preoperative
smoking cessation improves long-term success, thereby
emphasizing its importance in evaluations (8). Studies (9,10)
have consistently shown an increased incidence of serious
complications in current smokers, including PPCs, surgical
site infections, prolonged ICU stays, wound complications,
neurological complications,and septic shock within 30 days
after surgery. Consistent with Bluman et al. (11) findings,
smoking increases the risk of PPCs, underscoring the need

for smoking cessation before and after surgery. Group 1,
which had prior lung disease, had higher rates of cancer and
gastrointestinal issues, likely reflecting referral patterns
from thoracic and general surgery clinics.

In our study, the age variable was not significant on its
own, it but was retained in the multivariate model due to
its potential relationship with respiratory function. In the
multivariate analysis, smoking status and indicators of low
respiratory reserve remained independent risk factors. The
risk of complications increased fourfold among current
smokers and threefold among former smokers. Female sex
continued to show a protective effect; low SpO, and low FVC
were also determined to be independent risk factors.

In this study, univariate analysis in Group | revealed
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Table 4. Distribution of risk factors affecting the development of PPCs.

Group s Univariate Multivariate*
OR (95% CI) p-value OR (95% Cl) p-value

Age 0.99 (0.97-1.02) 0.635

Sex (Female vs. Male) 0.42 (0.24-0.75) 0.004

Smoke (Smoker vs. Non-smoker) 4.45 (2.02-9.80) <0.001 4.02 (1.75-9.20) 0.001
All patients Smoke (Ex-smoker vs. Non-smoker) 3.72 (1.83-7.58) <0.001 3.07 (1.44-6.53) 0.004

SpO, 0.76 (0.63-0.92) 0.004 0.78 (0.62-0.97) 0.029

FvC 0.98 (0.97-1.00) 0.018 0.98 (0.97-1.00) 0.022

FEV, 0.98 (0.97-1.00) 0.018

Age 1.02 (0.99-1.06) 0.194

Sex (Female vs. Male) 0.61 (0.26-1.46) 0.269

Smoke (Smoker vs. Non-smoker) 1.52 (0.42-5.48) 0.525
Group-I Smoke (Ex-smoker vs. Non-smoker) 2.37 (0.84-6.70) 0.105

SpO, 0.66 (0.50-0.88) 0.004 0.72 (0.53-0.96) 0.024

FvC 0.98 (0.96-1.00) 0.082

FEV, 0.99 (0.97-1.01) 0.386

Age 0.98 (0.95-1.01) 0.113

Sex (Female vs. Male) 0.32 (0.15-0.70) 0.004

Smoke (Smoker vs. Non-smoker) 9.07 (3.11-26.47) <0.001 7.80 (2.55-23.92) <0.001
Group-Il Smoke (Ex-smoker vs. Non-smoker) 6.28 (2.29-17.21) <0.001 6.46 (2.19-19.12) <0.001

SpO, 0.81 (0.62-1.06) 0.128

FVvC 0.99 (0.97-1.01) 0.244

FEV, 0.98 (0.96-1.00) 0.030 0.98 (0.96-1.00) 0.036
*Backward Wald. Used test: Univariate logistic regression analysis and multivariate logistic regression analysis, multivariate logistic regression was performed using
the Backward (Wald) method.
Cl, confidence interval; FEV,, Forced Expiratory Volume; FVC, Forced Vital Capacity; OR, odds ratio; PPC, postoperative pulmonary complications; SPO,, preoperative
oxygen saturation.

that only low SpO, was statistically significant; no other
variables were significant. After multivariate analysis, low
SpO, was the only variable that remained independently
associated with complications. In Group |II, univariate
analysis showed that smoking history, female sex, and low
FEV, were significant. In the multivariate model, the risk of
complications increased approximately eightfold in current
smokers and approximately sixfold in former smokers.
Female sex continued to demonstrate a protective effect,
and low FEV, remained an independent risk factor in the
model.

This study used the Canet scoring system for 30-day PPC
risk assessment, categorizing patients into low, intermediate,
or high risk. The Canet system, validated in Turkey and based
on factors such as age and SpO,, effectively stratified PPC risk
in this population (12). Group 2 patients with undiagnosed
lung disease were identified preoperatively by history,
physical examination, chest X-ray,and PFTs. This led to timely
intervention and improved outcomes. Thorough preoperative

evaluation, even in low-risk patients, is crucial for early
detection and prevention of PPCs. Preoperative SpO, was
lower in Group 1 (known lung disease, 92%) than in Group 2
(newly diagnosed, 96%), indicating potential hypoxemia in
Group 1. Lower SpO, may increase the risk of postoperative
complications. While SpQO, is useful, it is limited; PFTs and
imaging are required for a comprehensive respiratory
assessment. Group 2 had a higher PPC rate, although this
difference was not statistically significant. This may be
due to lack of preoperative diagnosis and treatment, while
Group 1’s ongoing treatment might have mitigated risk.
Studies linkimpaired lung function (low FVCand low FEV./
FVQ) to a higher risk of PPCs, highlighting the importance
of preoperative assessment. PFTs, including FEV,, FVC, and
FEV,/FVC, are crucial for identifying respiratory dysfunction
and predicting PPCs, thereby allowing for preoperative
interventions to optimize lung health (13,14). This study
analyzed PPCrisk in patients with severe COPD (FEV, € 1.2 L,
FEV,/FVC<75%) who underwent non-cardiothoracic surgery.
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Thirty-seven percent experienced PPCs, with ninety-seven
percent of those patients receiving anesthesia lasting more
than two hours. Two-year mortality was 47%. PFTs were
poor predictors of PPC; ASA score was a better predictor.
Prolonged anesthesia (>2 hours) may increase the risk
of bronchospasm and the length of ICU stay. General
anesthesia and prolonged operative time are risk factors.
Preoperative assessment is more predictive than PFTs (15).

This study examined whether spirometry and arterial blood
gas data could predict serious PPCs after elective abdominal
surgery in 480 at-risk patients. Low preoperative FEV, (<61%
predicted) and low Pa02 (<9.33 kPa) significantly increased PC
risk, with FEV, being the strongest predictor. Age, ischemic heart
disease,and surgery for malignant tumors were also independent
risk factors. The authors conclude that preoperative respiratory
function evaluation is useful for identifying increased PC risk in
selected patients undergoing abdominal surgery (16).

Low FEV, and FVC values found in our study patients
significantly increase the risk of PPCs. Low preoperative
SpO, levels also increase the risk of complications. Logistic
regression confirms an association between FEV,, FVC,
and PPCs, showing that PPC risk decreases with each
unit increase in FEV, and FVC. Diagnostic sensitivity and
specificity for FEV, and FVC cutoff values are approximately
59% each, indicating a need for more precise diagnostic
parameters. The study demonstrates that low lung function
(FEV, and FVC) and low SpO, are major risk factors for PPCs,
though current cut-off values may not be perfect predictors.
This systematic review summarizes the existing scientific
literature on the ability of PFTs to predict PPCs in non-
thoracic surgery. It suggests that spirometry and other PFTs
enhance preoperative risk assessment. Spirometry should
be considered for individuals planning upper abdominal
surgery, especially those with key indicators for COPD (17).

Study limitations

This study,while providing valuable insights,is constrained
by its retrospective design and single-center nature. The
retrospective approach raises concerns regarding potential
selection bias and the presence of missing data, which could
affect the accuracy of the findings.

Conclusion

In this study, the Canet risk scoring method and PFT
measurements were used to predict PPCs. This scoring
system has been validated and is used in Turkey, and has
been shown to be effective in predicting PPCs and mortality
risk. Although pulmonary disease is commonly diagnosed,
it remains underdiagnosed preoperatively among patients
undergoing major surgery. Both previously known and
newly diagnosed pulmonary diseases can increase the risk

of postoperative complications. Static PFTs can help identify
at-risk patients and improve surgical outcomes. Therefore,
we recommend routine performance of PFTs before surgery,
especially in patients without known lung disease.
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The Relationship Between Varicocele and Lower Extremity Chronic
Venous Insufficiency: A Population-Based Case-Control Study

Varikosel ile Alt Ekstremite Kronik Venoz Yetmezligi Arasindaki iliski: Nifusa
Dayali Olgu-Kontrol Calismasi
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1University of Health Sciences Tiirkiye, Mersin City Hospital, Department of Urology, Mersin, Tiirkiye
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Background: This study explores the potential relationship between varicocele and varicose veins, focusing on their shared
pathophysiological mechanisms and clinical implications,and includes an additional subgroup analysis across age groups.Varicocele
is @ major cause of male infertility, affecting 15-20% of men in the general population and up to 30-40% of infertile men. Varicose
veins, caused by venous valve dysfunction,are more prevalent in older individuals. Despite their structural and functional similarities,
the possible link between these two venous disorders has not been adequately investigated.

Materials and Methods: A retrospective, population-based case-control study was conducted in a province in Turkiye using the
Ministry of Health Public Hospitals Research Database. A total of 1,279 patients with varicose veins and 5,091 age- and sex-matched
controls (1:4 ratio) were included. Diagnoses were identified using ICD-10-CM codes,and diagnostic validity was ensured by requiring
at least two separate clinical entries for the same diagnosis. Conditional logistic regression was used to evaluate the association
between varicose veins and varicocele, adjusting for confounders including age, diabetes, cardiovascular disease, chronic obstructive
pulmonary disease, liver disease, and kidney disease. The lack of Doppler ultrasonographic confirmation and absence of varicocele
grading data were acknowledged as limitations of the retrospective design.

ABSTRACT

Results: The prevalence of varicocele was 1.3% in cases and 0.3% in controls (p < 0.001). Logistic regression analysis revealed an
odds ratio of 2.41 (95% confidence interval: 1.80-4.92) for the association between varicocele and a history of varicose veins, and
the association was more pronounced among younger patients.

Conclusion: This study demonstrates a significant association between varicocele and varicose veins, particularly in individuals
under 50 years of age. These findings suggest shared pathophysiological mechanisms and warrant further investigation into the
underlying venous dysfunction that links these conditions.

Keywords: Varicocele, venous insufficiency, age

Amag: Bu calisma, varikosel ve varis arasindaki olasi iliskiyi, bu iki durumun ortak patofizyolojik mekanizmalari ve klinik sonuclari
acisindan incelemekte; ayrica yas gruplarina gore ek bir alt analiz icermektedir. Varikosel, erkek infertilitesinin baslica nedenlerinden
biridir ve genel poplilasyonda %15-20, infertil erkeklerde ise %30-40 oraninda gorilur. Venoz kapak fonksiyon bozukluguna bagli
olarak gelisen varisler ise ozellikle ileri yaslarda daha sik goriilmektedir. Yapisal ve fonksiyonel benzerliklerine ragmen, bu iki venoz
hastalik arasindaki olasi baglanti yeterince arastirilmamistir.

Gereg ve Yontemler: Bu retrospektif, populasyon temelli olgu-kontrol ¢alismasi, Turkiye’'de bir ilde ylrutilmus olup Saglik Bakanligi
Kamu Hastaneleri Arastirma Veritabani kullanilmistir. Varis tanisi olan 1.279 hasta ve yas ile cinsiyet agisindan 1:4 oraninda
eslestirilmis 5.091 kontrol dahil edilmistir. Tanilar ICD-10-CM kodlari kullanilarak belirlenmis ve ayni tani kodunun en az iki ayri
klinik kayrtta bulunmasi tanisal gegerliligi saglamistir. Varis ve varikosel arasindaki iliski, yas, diyabet, kalp hastaligi, kronik obstruktif
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akciger hastalig, karaciger ve bobrek hastaliklari gibi karistirici faktorler igin duzeltme yapilarak kosullu lojistik regresyon ile analiz
edilmistir. Doppler ultrasonografik dogrulamanin bulunmamasi ve varikosel derecelendirmesinin dederlendirilememesi, retrospektif

tasarimin sinirlamalari olarak belirtilmistir.

Bulgular: Varikosel prevalansi olgularda %1,3, kontrollerde ise %0,3 olarak saptanmustir (p < 0,001). Lojistik regresyon analizi, varis
oykusu ile varikosel arasinda anlamli bir iliski oldugunu gostermistir (olasilik orani = 2,41; %95 gliven araligi: 1,80-4,92). Bu iliski

ozellikle geng hastalarda daha belirgindir.

Sonug: Bu calisma, varikosel ile varis arasinda anlamli bir iliski oldugunu ve bu iliskinin 6zellikle 50 yas alti bireylerde daha belirgin
oldugunu gostermektedir. Bulgular, iki durum arasinda ortak vendéz disfonksiyon mekanizmalari olabilecegini diislindirmekte ve bu

konuda ileri arastirmalara ihtiyag oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Varikosel, vendz yetmezlik, yas

Introduction

Materials and Methods

Recent studies support the relationship between
varicocele and systemic venous insufficiency (1-5).
Varicocele, known to be one of the leading causes of male
infertility, is an abnormal dilation and tortuosity of the
pampiniform plexus vessels in the spermatic cord. It is seen
in 15-20% of the population. This rate increases to 30-40%
among infertile men (6). The significant impact of varicocele
on male infertility is supported by evidence that varicocele
is present in 70-80% of men with secondary infertility (7).

Varicose veins are extensions of the superficial
subcutaneous veins of the lower extremities, characterized
by tortuosity and dilation, and accompanied by valvular
insufficiency. Varicose veins most commonly occur in the
superficial veins of the lower extremities, but also affect the
veins of the spermatic cord (varicocele), the esophagus, the
anorectum (hemorrhoids),and other veins (8).Varicose veins
are among the most common vascular diseases in humans,
affecting approximately 10-20% of the world’s population.
The probability of encountering varicose veins in women
is 2 to 4 times higher than in men (8,9) This frequency
increases with age. For example, among people living in
Switzerland, the probability of having varicose veins at age
20 is 20%, whereas it reaches 80% around age 60 (9). In
this context, a retrospective, population-based case-control
study conducted in a province in Turkiye aimed to investigate
the relationship between varicocele and varicose veins and
to understand the potential impact of this link on male
infertility. Furthermore, one of the main aims of this study
was to assess the differences in prevalence between age
groups and to provide insight into whether varicocele can
be considered a systemic venous disorder.

We hypothesized that varicocele may represent a
localized manifestation of systemic venous insufficiency
and aimed to investigate whether the presence of varicose
veins is associated with a higher prevalence of varicocele
across age groups.

In this study, patient data were obtained from the
Ministry of Health Public Hospitals Research Database.
Patients’ ages were calculated from dates of birth recorded
in the database. The diagnoses of varicocele, varicose
veins, and other diseases were determined using the
International Statistical Classification of Diseases and
Related Health Problems, 10™ edition (ICD-10-CM codes),
as recorded in patient files (10). The codes used included
186.2 for varicocele, 187.2 for varicose veins,and the relevant
ICD codes for male infertility, diabetes, chronic obstructive
pulmonary disease (COPD), heart disease, liver disease,
and kidney disease. Only records with complete data were
included. Ethical approval for this study was obtained from
the Mersin University Rectorate Clinical Research Ethics
Committee (approval number: 2023/546,dated: 06.09.2023).

Statistical Analysis

Comprehensive data on the characteristics of patients
with varicocele and varicose veins were analyzed in a
retrospective, province-wide, population-based study
covering 2015-2022. Data were obtained from the public
hospitals’ research database affiliated with the Ministry
of Health in Turkiye. A total of 1,279 cases with varicose
veins and 5,091 randomly selected controls were included
in this study. Conditional logistic regression analyses were
performed to examine the association between varicose
veins and varicocele. Conditional logistic regression was
performed to analyze the experimental data. All statistical
analyses were conducted using SPSS software version 13.0
for Windows (SPSS, Chicago, IL, USA). Statistical significance
was set at p < 0.05. In this study, cases and controls were
matched on age (¥2 years) and index year. Each case was
matched to four controls. Matching IDs (MATCH_IDs) were
created during this process and used in the conditional
logistic regression analysis. These details are now explicitly
stated.
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Results

The demographic characteristics of the patients (Table 1),
the prevalence of varicocele (Table 2), and the distribution
by age group of patients with varicose veins and of the
control group with varicocele (Table 3) are presented. No
significant difference was observed between the patients
with varicose veins and the control group regarding age
distribution (Table 1). Furthermore, the prevalence of
diabetes and atherosclerotic heart disease was significantly
higher in patients with varicose veins than in the control
group; by contrast, no significant differences were observed
for COPD and chronic kidney disease (Table 1).

The prevalence of varicocele was 1.3% in cases and
0.3% in controls (p < 0.001). Conditional logistic regression,
adjusted for age, diabetes, heart disease, COPD, liver
disease, kidney disease, and edema, indicated that the odds
ratio (OR) for a prior diagnosis of varicose veins in cases
compared with controls was 2.41 (95% confidence interval
[Cl]: 1.80-4.92) (Table 2). Furthermore, the ORs for patients
aged <50 years, 51-65 years,and >65 years were 3.72 (95%
Cl = 1.90-7.33), 2.56 (95% Cl = 0.28-7.10), and 0.92 (95%
Cl = 0.16-5.24), respectively (Table 3). Additionally, the
prevalence of male infertility was 14.7% in patients with
both varicocele and varicose veins, compared to 13.5% in
those with varicocele alone; however, this difference was
not statistically significant.

Table 1. Demographic characteristics.

Variables Varicose vein patients (n = 1279) (%) Control group (n = 5091) (%) | p-value
Age 0.986
<50 312 (25.09) 1356 (26.61)

51-65 357 (27.91) 1432 (28.12)

>65 610 (47.69) 2303 (45.23)

Diabetes 120 (9.38) 299 (5.87) <0.001
Heart disease 195 (15.24) 512 (10.05) <0.001
CcopPD 87 (6.80) 263 (5.16) 0.0620
Kidney and liver disease 75 (5.86) 304 (5.97) 0.716
Varicocele 15 (1.17) 16 (0.31) <0.001

COPD, chronic obstructive pulmonary disease; OR, odds ratio.

Table 2. Varicocele prevalence.

Presence of varicocele '(I':t:l6370) (%) Varicose vein patients (n = 1279) (%) (C:r;t;c:)lgg;;) 2:,2)
Yes 31 (0.5) 15 (1.17) 16 (0.31)

OR (95% CI) - 2.16 (1.42-3.63)" 0.4

Adjusted OR (95% Cl) - 2.41 (1.80-4.92)" 0.4

*p <0.001.Adjustments were made for diabetes, heart disease, COPD, liver disease,and kidney disease. OR was calculated using conditional logistic regression based
on age and index year. COPD, chronic obstructive pulmonary disease; OR, odds ratio; Cl, confidence interval.

Table 3. Varicocele rates among varicose vein patients and controls by age group.

Presence of varicocele | €50 years 51-65 years 265 years
Var!cose vein Control Varicose vein Control (n, %) Varicose vein Control
patients (n, %) (n, %) patients (n, %) patients (n, %) (n, %)
Yes 10 (3.3) 10 (0.5) 10 (1.3) 2 (0.3) 1(0.2) 4(0.2)
OR (95% CI) 1.00 2.33(0.98-5.30)" | 1.00 0.70 (0.21-3.10) | 1.00 3.42 (1.83-5.50)
Adjusted OR (95% Cl) | 3.72 (1.90-7.33) | 1.00 2.56 (0.28-7.10)* | 1.00 0.92 (0.16-5.24) | 1.00
*p < 0.01; OR was calculated using conditional logistic regression based on age and index year. Cl, confidence interval; OR, odds ratio.
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Discussion

Our findings support the hypothesis that varicocele
may not be merely a localized phenomenon but rather a
component of systemic venous insufficiency, consistent
with prior histopathological and biochemical evidence
suggesting shared alterations in vessel wall integrity.
Although this study did not include direct histopathological
or molecular analyses, our findings are consistent with prior
reports suggesting shared venous wall changes, endothelial
dysfunction,and altered metallothionein expression in both
varicocele and varicose veins. These similarities support the
hypothesis of a common systemic venous pathology.

This study, one of the few to examine the relationship
between varicocele and varicose veins, suggests that
these two conditions may be linked through common
pathophysiological processes and clinical outcomes. Our
findings support the possibility that varicose veins are
associated with varicocele, and this association appears to
be more pronounced in certain age groups. In particular, the
higher association observed in individuals under 50 years
of age supports the hypothesis that hormonal and vascular
changes in this age group may strengthen this association.
Furthermore, the prevalence of male infertility was 15.1% in
patients with both varicocele and varicose veins and 14.5%
in those with varicocele only; however, this difference was
not statistically significant.

The pathophysiology of varicocele is typically associated
with valvular insufficiency in the testicular veins. This can
lead to infertility through mechanisms such as venous
stasis, increased testicular temperature, and oxidative
stress, all of which adversely affect sperm parameters (11).
Similarly, the underlying mechanism of varicose veins is
valvular insufficiency in the peripheral veins resulting in
reflux, weakening, and dilatation of the vessel walls (8). In
both cases, it has been suggested that these venous system
disorders may result from a genetic predisposition or a
systemic weakness in vessel wall structure (12).

The results of our study support this systemic
approach. Lee et al. (13) observed increased expression
of hypoxia-inducible factor 1-alpha and metallothionein
in both varicocele and varicose veins, and this increase
was associated with decreased apoptosis in the
vessel walls. This suggests that both conditions may
lead to similar biochemical changes in vessel walls.
However, the study by Yazici et al. (14) suggested that
varicocele may be a localised condition rather than a
systemic venous disorder. These conflicting findings
continue to fuel debate over whether varicocele is a purely
localised condition or a systemic disease.

Furthermore, understanding how the relationship
between varicocele and varicose veins varies with factors

such as age, lifestyle,and comorbidities is an important area
of research. In the literature, the incidence of varicose veins
is reported to be higher in older individuals, whereas the
incidence of varicocele is higher in younger individuals (15).

However, the higher likelihood of asymptomatic
varicocele among older adults and their lower propensity
to seek medical attention may mask the true prevalence
of varicocele in this age group. Evidence suggests that a
more comprehensive evaluation of varicocele in this age
group is warranted. In addition, studies have reported a
higher incidence of varicose veins in elderly patients (16).
Canales et al. (17) reported that the prevalence of varicocele
was higher in older men than in younger control subjects.
However, another study by Lai et al. (18) demonstrated that
newly diagnosed varicocele cases were more common
in patients aged 19-39 years than in older age groups.
Infertility issues may be more prevalent in this age group,
leading to a higher likelihood of seeking medical assistance.
Older men may be less concerned about infertility and may
have a higher incidence of asymptomatic varicoceles (19).

In our study, a lower prevalence of varicocele was
observed in elderly patients,which may be be attributable to
the majority of cases being asymptomatic or to a lower rate
of medical consultation for varicocele in the province studied
in Turkiye. Yazici et al. (14) suggested that patient age could
introduce bias when evaluating the relationship between
varicocele and varicose veins. In this study, we found that
the association between varicocele and varicose veins was
stronger in patients under the age of 50. However, further
studies are needed to confirm these findings. In addition,
the effect of varicocele on infertility remains a matter of
debate. Abdel-Meguid (20) reported that varicocelectomy
improves semen quality. However, a systematic review by
Evers and Collins (21) suggested that varicocelectomy is not
an effective treatment for male infertility. In our study, we
found that male infertility was not more common in patients
with both varicocele and varicose veins than in those with
varicocele only. This finding suggests that the effects of
both conditions on infertility may be related to shared
pathophysiological processes rather than to independent
mechanisms.

The strengths of our studyinclude the use of a population-
based design and a large sample size. Furthermore,
diagnoses were based on ICD codes, and detailed analyses
were conducted across different age groups. However,
methodological limitations should also be considered. For
example, varicocele laterality (unilateral versus bilateral)
was not assessed in detail. Furthermore, data on important
variables such as body mass index, smoking status, and
socioeconomic factors were not available. These factors
may affect our results.
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Study Limitations

The distinction between superficial and deep venous
insufficiency could not be made because the ICD-10-CM
codes used in the national database do not specify the
anatomical level of venous reflux. Because varicocele
grading was not available, all varicocele cases (Grades |-
I11) were analyzed collectively. This may have reduced the
ability to detect dose-response effects.

Varicocele grading could not be evaluated in this study.
Because the database only included ICD-10 codes, clinical
stage information was not available. This methodological
limitation should be addressed in prospective clinical
studies.

The manual entry of ICD codes by clinicians is a potential
limitation that could lead to diagnostic errors. Therefore,
the results should be interpreted with caution. Furthermore,
because the database does not include a clinical grading
of varicocele, this information could not be used in the
analyses.

Conclusion

In conclusion, our findings support the relationship
between varicocele and varicose veins. However, more
prospective, multicentre,and detailed studies are needed to
clarify this relationship. In particular, considering these two
conditions in the context of systemic venous insufficiency
may inform novel diagnostic and therapeutic approaches.

Clinically, recognizing varicocele as a potential indicator
of systemic venous insufficiency could guide broader
cardiovascular assessment and promote early identification
of patients at risk for venous disease progression.
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Kapiler Elektroforez Yoluyla HbAlc Testi Sirasinda Saptanan Hemoglobin
Varyantlarinin Retrospektif Degerlendirilmesi
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Background: This study aimed to determine the prevalence of hemoglobin (Hb) variants detected during hemoglobin Alc (HbAlc)
analysis using capillary electrophoresis and to evaluate the clinical significance of these incidental findings in the population.
Materials and Methods: A retrospective analysis was performed on 64,381 patients who underwent HbA1lc testing in our laboratory
between 01.09.2024 and 30.04.2025. HbA1lc levels were measured by capillary electrophoresis (Capillarys 3; Sebia, France), and
chromatograms were manually reviewed for Hb variants. Statistical analyses were performed using XLSTAT® software.

Results: Hb variants were detected in 172 cases (0.25%). The most common variants were HbD (41.9%),HbF (33.7%),and HbS (14.5%).
A statistically significant difference among variant groups was observed only for mean corpuscular Hb concentration (p = 0.0033).

ABSTRACT

Conclusion: Detection of hemoglobin variants during HbAlc analysis using capillary electrophoresis may contribute to the
identification of clinically silent hemoglobinopathies in the population. Therefore,employing highly sensitive methods is crucial for
accurate clinical interpretation.

Keywords: Hemoglobinopathies, hemoglobin variants, glycosylated hemoglobin A, HbAlc, capillary electrophoresis, mass screening

Amagc: Bu calismada, kapiller elektroforez yontemi ile hemoglobin Alc (HbAlc) analizleri sirasinda hemoglobin (Hb) varyantlarinin
sikligini belirlemek ve toplumda rastlantisal olarak saptanan varyantlarin klinik 6nemini degerlendirmek amaglanmistir.

Gereg ve Yontemler: 01.09.2024-30.04.2025 tarihleri arasinda laboratuvarimizda HbAlc testi yapilan 64.381 hastanin verileri
retrospektif olarak incelenmistir. HbAlc 6lg¢limleri kapiller elektroforez yontemi (Sebia Capillarys 3, Fransa) ile gerceklestirilmis,
elde edilen kromatogramlar varyantlarin varligi acisindan manuel olarak degerlendirilmistir. istatistiksel analizler XLSTAT® yazilimi
kullanilarak yapilmistir.

Bulgular: Toplam 172 (%0,25) olguda Hb varyanti tespit edilmistir. En sik gorilen varyantlar HbD (%41,9),HbF (%33,7) ve HbS (%14,5)
olarak belirlenmistir. Varyant tipleri arasinda hematolojik parametreler agisindan yalnizca ortalama eritrosit Hb konsantrasyonu
(MCHC) icin istatistiksel olarak anlamli fark bulunmustur (p = 0,0033).

Sonug: HbAlc analizleri sirasinda kapiller elektroforez yontemi ile Hb varyantlarinin saptanmasi, toplumda sessiz seyreden
hemoglobinopatilerin belirlenmesine katki saglayabilir. Bu nedenle, yiksek duyarliliga sahip yontemlerin kullanilmasi klinik agidan
onemlidir.

Anahtar Kelimeler: Hemoglobinopatiler, hemoglobin varyantlari, glikozile hemoglobin A, HbAlc, kapiller elektroforez, toplum
taramasi
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Introduction

Materials and Methods

Hemoglobin Alc (HbAlc) is a widely used biochemical
parameter in the diagnosis and management of diabetes.
However, the presence of certain hemoglobin (Hb)
variants can interfere with HbAlc measurement methods,
thereby reducing measurement accuracy. Hb variants are
often present in the population without causing clinical
symptoms, leading to missed diagnoses in some individuals.
This makes the clinical recognition of these variants more
difficult.

In clinical laboratories, HbAlc levels can be measured
using various methodologies, including enzymatic
assays, immunoturbidimetric methods, boronate affinity
chromatography, capillary electrophoresis, and ion-
exchange high-performance liquid chromatography (ion-
exchange HPLC). Among these methods, ion-exchange
HPLC and capillary electrophoresis are the most commonly
employed. These methods are based on differences in
affinity,electrical charge,or immunoreactivity of glycated Hb
molecules. Anion- and cation-exchange HPLC and capillary
electrophoresis can detect Hb variants such as HbF, HbS,
HbC, HbD, and HbE (1,2). The literature includes various
studies regarding the frequency of Hb variant detection
during HbAlc analysis. For example, a study by Roy et al.
(3), conducted in the North Bengal region of India, detected
Hb variants in 27.4% of 449 individuals undergoing HbAlc
testing, with HbE being the most common variant.

Capillary electrophoresis-based systems offer a
significant advantage in HbAlc analysis because they can
directly detect chromatographic anomalies associated
with Hb variants (e.g., HbF, HbS, HbC, HbD, HbE). A study by
Kulkarni and Shivashanker (4) emphasized that clinically
silent variants could be incidentally detected during HbAlc
measurement using capillary electrophoresis. These findings
highlight the importance of this method in detecting
asymptomatic hemoglobinopathies in the population.

On the other hand, Strickland et al. (5) reported that some
HbA1c analyzers failed to detect rare Hb variants, which can
affect measurement results. Maenpaa et al. (6) tested the
Hb Tacoma variant across seven HbAlc methods; significant
interference was reported in only one. Kangastupa et al. (7)
investigated the prevalence of Hb variants in the Finnish
population using capillary electrophoresis and emphasized
its diagnostic value.

In light of this information, we aimed to determine
retrospectively the frequency of Hb variants in patients
whose HbA1lc was analyzed by capillary electrophoresis in
our laboratory. This study is the first large-scale report in
Turkiye on the detection rate of Hb variants during HbAlc
analysis by capillary electrophoresis.

Patients whose HbAlc tests were performed using the
capillary electrophoresis method between 1 September
2024 and 30 April 2025 were retrospectively evaluated.
Individuals with Hb variants identified on the test
chromatograms were included in the study. Patients with
repeat testing in whom variants had been previously
detected, patients with missing chromatogram data, and
patients with rejected test results were excluded from the
study.

In our laboratory, HbAlc was measured using the Sebia
Capillarys 3 capillary electrophoresis system (Sebia, France).

The chromatograms obtained during the HbAlc test
were manually reviewed using the device’s software (Sebia
PHORESIS),and abnormal peaks related to Hb variants (e.g.,
peaks outside the HbAlc window or variant alerts) were
recorded. These samples were then confirmed using the
Sebia Capillarys 3 capillary-electrophoresis method for Hb
variant analysis.

Hematological parameters were measured using an
automated hematology analyzer (Sysmex XN, Sysmex,
Japan). The data obtained for the following parameters
were included in the analysis: Hb, hematocrit (Hct), mean
corpuscular volume (MCV), mean corpuscular Hb (MCH), and
mean corpuscular Hb concentration (MCHCQ).

This study was approved by the Institutional Ethics
Committee of Ankara Training and Research Hospital
(decision number: E-25-586/2025, dated: 11.09.2025)
and conducted in accordance with the principles of the
Declaration of Helsinki.

Statistical Analysis

Data obtained in the study were analyzed using Microsoft
Excel (v365, Microsoft Corporation, USA) and XLSTAT®
software (v2023.3.1.1416, Lumivero, USA). Descriptive
statistics for continuous variables were presented as
mean, standard deviation (SD), minimum, and maximum
values. Categorical variables were presented as counts
and percentages. Hematological parameters (Hb, Hct, MCV,
MCH, MCHC) across Hb variant groups were compared using
one-way analysis of variance to assess whether statistically
significant differences existed among variant types. A
p-value of <0.05 was considered statistically significant.

Results

In this study, Hb variants were detected in 172
individuals, identified among 64,381 HbAlc tests
performed using the capillary electrophoresis method. Of
these, 108 (62.8%) were female and 64 (37.2%) were male.



Hamidiye Med J 2026;7(1):43-49
Yurt et al. Hemoglobin Variants Detected During HbA1c Testing

The mean age of all participants was 47.4 years (range:
8-91 years). The dataset included 12 patients under the
age of 18. The age and gender distribution of the detected
variants is presented in Table 1. The overall frequency
of variant detection was calculated to be 0.25%, and ten
variant types were observed.

Among the detected variants, HbD was the most
frequent, observed in 72 individuals (41.96%), followed by
HbF in 47 individuals (27.3%) and HbS in 25 individuals
(14.5%).Rarer variants included O-Arab? (7 cases,4.1%), HbE
(3 cases, 1.7%), HbC, suspected HbJ, BALTIMORE, and Alpha
Thalassemia (individual cases,each 0.6%),and an undefined
variant labeled Z12 (5 cases, 3%).

In this study, mean values of hematological parameters
(Hb, Hct, MCV, MCH, and MCHC) and their statistical
differences were evaluated across Hb variants. The mean
values (x SD) are presented in Table 2. The analysis
revealed a statistically significant difference only in the
MCHC parameter among the variant groups (p = 0.0033). No

statistically significant differences were observed among
the groups for Hb, Hct, MCV,and MCH (p > 0.05).

A total of 38 individuals with HbAlc levels 26.5 were
classified as diabetic. The largest subgroup among diabetic
individuals comprised males with the HbD variant (n =
10), followed by males with the HbS variant (n = 4), and
subgroups with the HbF variant. Among females, one
notable case involved an individual with a suspected
BALTIMORE variant who had an HbAlc level above 6.5. The
distribution of diabetic individuals by gender and variant
type is presented graphically in Figure 1.

Discussion

In this large-scale retrospective study involving 64,381
HbAlc measurements, we identified Hb variants in 172
individuals by capillary electrophoresis. Accordingly, the
prevalence of Hb variants was determined to be 0.25% in
the overall test population. To our knowledge, this is the

Table 1. Mean age, age range, and gender distribution by hemoglobin variant type.

Variant type Male Female Total

HbD 54.9 (16-91) (n = 28) 49.0 (17-76) (n = 44) 51.3 (16-91) (n=72)
HbF 44.8 (11-82) (n = 18) 46.7 (12-86) (n = 40) 46.1 (11-86) (n = 58)
HbC = 20.0 (20-20) (n=1) 20.0 (20-20) (n=1)
HbS 43.6 (20-73) (n = 10) 40.2 (8-79) (n=17) 41.4 (8-79) (n=27)
HbE = 51.0 (48-56) (n = 3) 51.0 (48-56) (n = 3)
0-Arab? 45.8 (14-68) (n=6) 37.0 (37-37)(n=1) 44.6 (14-68) (n=7)
Alpha thalassemia? — 43.0 (43-43) (n=1) 43.0 (43-43)(n=1)
HbJ? 42.0 (42-42) (n=1) - 42.0 (42-42) (n=1)
BALTIMORE? - 54.0 (54-54) (n=1) 54.0 (54-54) (n=1)
Z12 (unknown) 45.0 (45-45) (n=1) — 45.0 (45-45) (n =1)
Total 49.1 (11-91) (n = 64) 46.4 (8-86) (n =1 08) 474 (8-91) (n=172)
Hb, hemoglobin.

Table 2. Hematological parameters (Hb, Hct, MCV, MCH, MCHC) by hemoglobin variant type.

Variant type Hb (g/dL) Hct (%) MCV (fL) MCH (pg) MCHC (g/dL)
HbD 140+1.7 418+49 82.8%55 27.8+24 335%1.2
HbF 13118 40.0+5.0 80.2+119 263%46 32.7%13
HbC 13.5 39.8 87.1 29.5 339

HbE 142+1.0 430%2.1 84.0+4.2 278+ 2.2 33.0+0.8
HbS 13617 41.1%53 81.6+64 27123 33210
O-Arab? 13.8+1.4 40.1 £ 4.2 78933 27120 34316
Alpha thalassemia? 13.0 39.5 86.1 28.3 32.9

HbJ? 13.6 414 86.0 28.3 329
BALTIMORE? 141 43.6 87.0 28.2 32.3

Z12 (unknown) 16.5 46.3 85.9 30.6 35.6

Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume.
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Figure 1. Distribution of variants by gender.

first large-scale study from Turkiye to report the rate of Hb
variant detection via capillary electrophoresis-based HbAlc
analysis.

In the literature, the rates of Hb variants detected during
HbA1c measurement vary greatly depending on the scope of
the study,sample size,and target population. For example,a
study from North Bengal, North India reported a prevalence
of 27.4% among 449 individuals (3). In contrast, the variant-
carrier rate was reported as 3.77% in a multiethnic patient
group (sample of 13,913 individuals) in the USA (8). In a
series of 319,290 tests performed on the Sciex HPLC
platform, the variant detection rate was 0.03% (9). A French
study using ion-exchange HPLC found Hb variants in 0.71%
of 51,382 individuals (10). Likewise, a study conducted in
South India reported Hb variants in 0.83% of 10,200 HbA1c
samples analyzed by ion-exchange HPLC (11). In Southern
China, HbAlc measurements in over 311,000 individuals
revealed a variant frequency of 0.35% (12). In a study
involving 9,792 Tunisian diabetic patients, the frequency
of variant detection using capillary electrophoresis during
HbA1c analysis was 2.33% (13). As can be seen from these
comparisons, international studies have reported rates
ranging from 0.03% to 27%. Our 0.25% detection rate is
relatively low compared with some studies, which is likely
attributable to the large, unselected patient population.

Differences in rates can be attributed to several factors.
First, there is the sample-size effect: Small cohorts (e.g.,
100-500 participants) can sometimes yield higher rates
because of local variant prevalence, while large population-
based studies have reported lower rates (0.3-0.8%) (3).
Second, the demographic and ethnic composition of the

10 15
Number of Patients

population is a determining factor. For example, HbE
carriage is common in India and Southeast Asia, while HbS
is much more common in African American populations.
In the multiethnic US population, HbS and HbC have been
reported at frequencies of approximately 3% (8). Third, the
type of analytical method and the instrument used make a
difference. Capillary electrophoresis systems can separate
many variants more effectively by using longer separation
times and higher resolving power, thereby providing
greater sensitivity for variant detection. On the other hand,
in conventional ion-exchange HPLC instruments, some
variants may be concealed within HbA or HbAlc peaks and
therefore remain undetected, leading to falsely high or
falsely low HbAlc results. Immunoassay-based methods are
generally not affected by most variants (unless the mutation
is epitope-dependent) because they use antibodies that
recognize the N-terminus of the Hb B-chain. For example,
immunoturbidimetric results in carriers of HbS or HbC often
closely reflect actual values. Boronate affinity methods
(e.g., Afinion) have been reported to be ineffective against
common variants because they do not distinguish structural
differences (14,15). In summary, while low rates may be
observed in a series studied by HPLC within the same
population, laboratories using capillary electrophoresis may
report relatively higher rates. The routine protocols of the
laboratories where these studies are conducted also play
a role: some clinical laboratories may ignore an abnormal
peak,while others’ software may alert clinicians to a variant
and prompt diagnostic investigation. For example, higher
detection rates have been observed in studies conducted at
academic center laboratories (16). All these factors (sample,
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ethnic composition, method, and instrument) explain the
differences in variant detection rates.

It is well-documented that certain Hb variants can
affect the accuracy of HbAlc measurements, potentially
leading to falsely elevated or decreased results. For
example, in individuals with HbS or HbC traits, HPLC-
based methods may underestimate true HbAlc levels due
to co-elution of the variant with the HbA peak. Although
capillary electrophoresis systems are generally capable of
detecting and differentiating most common variants, rare
hemoglobinopathies may still interfere with measurement
windows (14,15). Consequently, in patients with identified
Hb variants,HbAlcvalues should be interpreted with caution
and, if necessary, be confirmed using an alternative method
such as immunoassay or boronate affinity chromatography.

When variant types reported in previous studies were
examined,the most frequently detected variant in the French
study was HbS, particularly among individuals of African
descent (10). In Southern China, the most common variants
were HbE, Hb New York, HbJ-Bangkok, and Hb Q-Thailand.
A total of 117 variants were identified, 18 of which were
novel mutations (12). In the study conducted in South India,
HbD, HbE, and HbS were the most frequently observed
variants (11). In a study by Roy et al. (3) in Northern Bengal,
India, Hb variants were detected in 27.4% of individuals
undergoing HbAlc testing; HbE was the most frequent
variant, followed by HbD. In our study, the most frequently
detected variants were HbD, elevated HbF,and HbS. Regional
differences within and between countries may influence
these frequencies. For instance, in Tirkiye’s southern regions,
such as Cukurova, the carrier rate of HbS may reach 8-10%,
whereas it is significantly lower in the eastern regions (17).
These differences can be attributed to patterns of migration
and ethnic composition in both countries.

Epidemiological studies indicate that the prevalence
of Hb variants varies significantly across ethnic and
geographic populations. In Africa, HbS is the most common
variant. Studies in Sub-Saharan Africa report carrier rates
of hemoglobinopathies ranging from 10% to 40%; for
instance, a study conducted in Benin reported carrier rates
of 21.7% for HbS and 10.2% for HbC (18). In the Middle East
and Mediterranean region, HbS and HbD are frequently
observed. HbD-Punjab is prevalent in Iran and Pakistan (19).
In East and Southeast Asia (e.g., China and Thailand), HbE
is the most common variant. Increased HbF levels may also
be observed due to HbConstant Spring and certain o/B-
thalassemias. Hemoglobinopathies were historically rare
in industrialized Northern and Central European countries,
but have become much more common due to immigration
from endemic regions (20). In the United States, sickle
cell trait is present in approximately 7-9% of African

Americans (21). Other structural variants, such as HbC and
HbE, are particularly prevalent in populations from West
Africa and Southeast Asia, respectively,and are increasingly
encountered in immigrant communities in Europe and North
America (20).In a large-scale study conducted in the U.S.,the
most frequently observed variants were HbS (2.85%), HbC
(0.61%), and HbE (0.13%) (8). These findings demonstrate
that the distribution of Hb variants is influenced by regional
and ethnic factors and that the results of our study should
also be interpreted in this context.

In our study, the most frequently detected variants
were HbD (41.86%), HbF (33.72%), and HbS (15.70%).
This distribution appears to be consistent with the
hemoglobinopathy patterns observed in certain regions
of Turkiye. Accordingly, the high detection rate of HbD
may reflect the known prevalence of HbD-Punjab in some
Turkish regions.

Study Limitations

This study has several limitations. Due to its retrospective
design, variables such as patient history, ethnic background,
and clinical findings could not be assessed. Additionally,
the study is based on data from a single center, and
therefore, the results may not be generalizable to the
entire population. In addition, no advanced genetic testing
was performed in cases where Hb variants were detected;
the identification of variants was based solely on capillary
electrophoresis. This may limit the definitive classification
of the variants. Nevertheless, the large sample size suggests
that asymptomatic hemoglobinopathies can be incidentally
detected during routine HbAlc testing. However, integration
of such findings into population-based screening programs
would require confirmatory testing and comprehensive
epidemiological studies.

These findings demonstrate that Hb variants, which
may be clinically silent in the general population, can
be incidentally detected during routine HbAlc testing,
especially when using high-resolution methods such
as capillary electrophoresis. Given its high sensitivity in
chromatographic separations (22), capillary electrophoresis
not only ensures accurate glycemic assessment but also
serves as a valuable tool for identifying asymptomatic
hemoglobinopathies. Since HbA1c testing is already widely
used for diabetes screening and follow-up, the incidental
detection of such variants may offer insights into their
prevalence and support targeted screening strategies.
Therefore, laboratory professionals should remain aware of
the detection capabilities and limitations of their analytical
systems, apply confirmatory testing when necessary, and
interpret HbAlc values cautiously in patients with suspected
or known Hb variants.
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Conclusion

Capillary electrophoresis is a sensitive screening tool for
the detection of silent hemoglobinopathies in the general
population. The use of highly discriminative methods such
as capillary electrophoresis during HbAlc measurements
can facilitate the early and incidental identification of Hb
variants, thereby playing a clinically significant role in the
recognition of otherwise undiagnosed hemoglobinopathies.
This study underscores the importance of carefully
interpreting HbA1c results in light of possible Hb variants
during clinical decision-making. The incidental detection
of Hb variants during routine HbAlc testing may offer an
opportunity for early diagnosis of hemoglobinopathies and
genetic counseling.

Additionally, the Hb variant distribution observed in this
large dataset provides insights into variant frequencies in
the patient population undergoing testing and may inform
future screening and diagnostic strategies. In this context,
expanding hemoglobinopathy screening, particularly in
regions with high migration rates, and performing HbAlc
analyses using methods capable of detecting variants are
strongly recommended.

Ethics

Ethics Committee Approval: This study was approved
by the Institutional Ethics Committee of Ankara Training
and Research Hospital (decision number: E-25-586/2025,
dated: 11.09.2025) and conducted in accordance with the
principles of the Declaration of Helsinki.

Informed Consent: Retrospective study.

Footnotes

Authorship Contributions

Concept: E.F.Y.,,M.A,, Design: E.F.Y., M.A., Data Collection
or Processing: E.F.Y.,,H.A.T.,M.E.Y.,Analysis or Interpretation:
E.F.Y.,MA.,MEY.,,MS., Literature Search: E.F.Y.,M.A.,, M.FA.,
Writing: E.F.Y.,M.A.,HAT,, M.F.A.

Conflict of Interest: No conflict of interest was declared
by the author(s).

Financial Disclosure: The author(s) declared that this
study received no financial support.

REFERENCES

1. Zhao Z, Basilio J, Hanson S, Little RR, Sumner AE, Sacks DB. Evaluation
of hemoglobin Alc measurement by capillarys 2 electrophoresis for
detection of abnormal glucose tolerance in African immigrants to the
United States. Clin Chim Acta. 2015;446:54-60. [Crossref]

2. Poventud-Fuentes |, Garnett E, Vispo B, Elghetany MT, Devaraj S.
Hemoglobin fractionation by Sebia Capillarys 2 Flex Piercing System as

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

primary method for evaluation of hemoglobinopathies. Clin Chim Acta.
2021;519:193-197. [Crossref]

Roy S, Nath I, Dasgupta S, Kumar A, Biswas UK. Prevalence of hemoglobin
variants and their effect on Hbalc measurement among the indigenous
population of north Bengal attending a tertiary care hospital. Asian ] Med
Sci. 2022;13:90-95. [Crossref]

Kulkarni JD, Shivashanker S. Incidental detection of hemoglobin variants
during evaluation of HbAlc. Indian J Clin Biochem. 2022;37:242-246.
[Crossref]

Strickland SW, Campbell ST, Little RR, Bruns DE, Bazydlo LAL. Recognition
of rare hemoglobin variants by hemoglobin A, measurement procedures.
Clin Chim Acta. 2018;476:67-74. [Crossref]

Mdenpda A, Kangastie M, Kangastupa P. Hb Tacoma by seven HbAlc
methods - one with significant interference. Scand J Clin Lab Invest.
2024;84:447-451. [Crossref]

Kangastupa P,Akerman K, Risku S, Vdisinen M, Kuusela R,Romppanen J, et
al. The prevalence of hemoglobin Tacoma in Finland detected by HbAlc
capillary electrophoresis.ScandJ Clin Lab Invest.2023;83:51-57.[Crossref]

Wilburn CR, Bernard DW, Zieske AW, Andrieni J, Miller T, Wang P. The
prevalence and role of hemoglobin variants in biometric screening of a
multiethnic population: One large health system’s experience. Am J Clin
Pathol. 2017;147:589-595. [Crossref]

Latzig DL, Baynes SC, Feuerhake T, Gunsolus IL. Evaluation of local
hemoglobinopathy prevalence and promotion of accurate hemoglobin
Alc testing using historical data retrieval. Clin Biochem. 2023;114:59-62.
[Crossref]

Dupuy AM, CristolJP,Bargnoux AS, Plawecki M, Lotierzo M,Aguilar-Martinez
P, et al. The pivotal role of HbAlc assay to detect hemoglobinopathies: a
5-year observational retrospective study in the population of Southern
France. Health Sci Rep. 2023;6:€1270. [Crossref]

Suresh B, Kar AK. Hemoglobin variants uncovered during routine HbAlc
testing: diagnostic pitfalls and clinical significance. Int J Adv Biochem Res.
2020;4:58-63. [Crossref]

Xu A, Chen W, Xie W,Wang Y,Ji L. Hemoglobin variants in southern China:
results obtained during the measurement of glycated hemoglobin in a
large population. Clin Chem Lab Med. 2020;59:227-232. [Crossref]

Bouzid K, Ahmed HB, Kalai E, Blibeche S, Couque N, Khiari K, et al.
Prevalence of hemoglobin variants in a diabetic population at high
risk of hemoglobinopathies and optimization of HbAlc monitoring by
incorporating HPLC in the laboratory workup. Libyan J Med. 2014;9:25768.
[Crossref]

Nasir NM, Thevarajah M, Yean CY. Hemoglobin variants detected by
hemoglobin Alc (HbAlc) analysis and the effects on HbAlc measurements.
IntJ Diabetes Dev Ctries. 2010;30:86-90. [Crossref]

Little RR, Roberts WL. A review of variant hemoglobins interfering with
hemoglobin Alc measurement. ] Diabetes Sci Technol. 2009;3:446-451.
[Crossref]

Behan KJ, Storey NM, Lee HK. Reporting variant hemoglobins discovered
during hemoglobin Alc analysis - common practices in clinical
laboratories. Clin Chim Acta. 2009;406:124-128. [Crossref]

Akar N. An updated review of abnormal hemoglobins in the Turkish
population. Turk ] Hematol. 2014;31:97-98. [Crossref]

Gomez S, Amoussa AER, Dedjinou E, Kakpo M, Gbédji P, Amossou Soulé
N, et al. Epidemiologic profile of hemoglobinopathies in Benin. Hematol
Transfus Cell Ther. 2024;46 Suppl 6:5257-S262. [Crossref]

Guvenc B, Canataroglu A, Unsal C, Yildiz SM, Turhan FT, Bozdogan ST, et
al. B-Thalassemia mutations and hemoglobinopathies in Adana, Turkiye:
results from a single center study. Arch Med Sci. 2012;8:411-414.
[Crossref]


https://doi.org/10.1016/j.cca.2015.03.025
https://doi.org/10.1016/j.cca.2021.04.023
https://doi.org/10.3126/ajms.v13i6.43044
https://doi.org/10.1007/s12291-020-00936-z
https://doi.org/10.1016/j.cca.2017.11.012
https://doi.org/10.1080/00365513.2024.2417383
https://doi.org/10.1080/00365513.2022.2164739
https://doi.org/10.1093/ajcp/aqx032
https://doi.org/10.1016/j.clinbiochem.2023.02.001
https://doi.org/10.1002/hsr2.1270
https://doi.org/10.33545/26174693.2020.v4.i2a.4356
https://doi.org/10.1515/cclm-2020-0767
https://doi.org/10.3402/ljm.v9.25768
https://doi.org/10.4103/0973-3930.62598
https://doi.org/10.1177/193229680900300307
https://doi.org/10.1016/j.cca.2009.06.012
https://doi.org/10.4274/TJH.2012.0202
https://doi.org/10.1016/j.htct.2024.07.008
https://doi.org/10.5114/aoms.2012.28811

Hamidiye Med J 2026;7(1):43-49
Yurt et al. Hemoglobin Variants Detected During HbA1c Testing

20. Cataldo F. Immigration and changes in the epidemiology of hemoglobin
disorders in Italy : an emerging public health burden. Ital J Pediatr.
2012;38:32. [Crossref]

21. Hicks PJ, Langefeld CD, Lu L, Bleyer AJ, Divers J, Nachman PH, et al. Sickle
cell trait is not independently associated with susceptibility to end-
stage renal disease in African Americans. Kidney Int. 2011;80:1339-1343.
[Crossref]

22. Jaisson S, Leroy N, Meurice J, Guillard E, Gillery P. First evaluation of
Capillarys 2 Flex Piercing® (Sebia) as a new analyzer for HbAlc assay
by capillary electrophoresis. Clin Chem Lab Med. 2012;50:1769-1775.
[Crossref]

49


https://doi.org/10.1186/1824-7288-38-32
https://doi.org/10.1038/ki.2011.286
https://doi.org/10.1515/cclm-2012-0017

50

ORIGINAL ARTICLE

DOI: 10.4274/hamidiyemedj.galenos.2025.60362

Hamidiye Med J 2026;7(1):50-59

Comparison of Al-Based Triage Systems in High-Energy Thoracic
Trauma: A Pilot Study Using ChatGPT and Gemini
Yuksek Enerjili Toraks Travmalarinda Kilavuz Temelli Klinik Karar Verme

Surecinde ChatGPT-4 ve Gemini 1.5'in Karsilastirmali Performansi: 30 Sentetik
Olguda Simulasyon Calismasi

@ Nilay Cavusoglu Yal¢in!,® Merve Sari Akyiiz2, ® Okan Karatas?, ® Olgun Keskin?,
® Muharrem Ozkaya!

1University of Health Sciences Tiirkiye, Antalya Training and Research Hospital, Clinic of Thoracic Surgery, Antalya, Tiirkiye

2 University of Health Sciences Tiirkiye, Antalya Training and Research Hospital, Clinic of Pulmonology, Antalya, Tiirkiye

ABSTRACT

Background: High-energy thoracic trauma is a leading cause of morbidity and mortality in polytrauma patients. Timely diagnosis and
management are crucial for patient outcomes. Artificial intelligence (Al) systems such as ChatGPT and Gemini have demonstrated
potential in providing clinical decision support. This study presents a dataset of 30 synthetic thoracic trauma cases and explores the
feasibility of using Al tools to assist in triage and early management decisions.

Materials and Methods: Thirty synthetic cases, reflecting real-world patterns of high-energy thoracic trauma, were developed
based on established trauma mechanisms, clinical findings, and evidence-based physiological parameters. Each case includes vital
signs, injury mechanism, physical findings, and a structured clinical question regarding immediate management. These cases were
formatted for Al analysis. Responses from ChatGPT and Gemini will be analyzed for clinical appropriateness, adherence to trauma
guidelines (e.g.,Advanced Trauma Life Support), and concordance with experts.

Results: Initial simulations (5-case pilot) demonstrated greater adherence to trauma protocols with ChatGPT, particularly in managing
tension pneumothorax, tamponade, and flail chest. Gemini responses were more conservative and occasionally delayed critical
interventions. A full-scale analysis of all 30 cases is underway, using a scoring system based on accuracy, guideline conformity,
and intervention prioritization. Preliminary findings suggest Al tools can assist in high-stakes clinical decision-making, particularly
in environments with limited specialist access. ChatGPT’s ability to provide structured, guideline-based responses is promising.
However, human oversight remains essential. Large-scale validation with real patient data is necessary before clinical deployment.

Conclusion: Al-based models show potential in enhancing early decision-making in high-energy thoracic trauma. While encouraging,
these tools require careful integration into clinical workflows and further validation in real-time settings.

Keywords: Thoracic trauma, artificial intelligence, triage, ChatGPT, Gemini, emergency surgery, clinical decision support

Amac: Yuksek enerjili toraks travmasi,coklu travmali hastalarda onlenebilir 6limlerin 6nde gelen nedenlerinden biridir.Bu calismada,
iki gelismis buyuk dil modelinin (large language model) — ChatGPT-4 (OpenAl) ve Gemini 1.5 (Google DeepMind) — ytksek enerjili
toraks travmalarinda kilavuzlara uygun klinik karar onerileri tretme yeterliligi degerlendirildi.

Gereg ve Yontemler: Cesitli yaralanma mekanizmalari, fizyolojik parametreler ve klinik bulgulari iceren 30 sentetik klinik senaryo
gelistirildi. Her olgu, klinik 6zetler ve yonetim sorularini iceren standart istemlerle ChatGPT-4 ve Gemini 1.5 tarafindan bagimsiz
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olarak degerlendirildi. Yanitlar, model kimligi gizlenen iki uzman travma cerrahi tarafindan, ileri Travma Yasam Destegi ve Dogu
Travma Cerrahisi Dernegi kilavuzlarina uyuma gére ikili uyum puanlama sistemiyle degerlendirildi. istatistiksel analizlerde McNemar
testi, Cohen’in Kappa katsayisi, ki-kare analizi ve alici isletim karakteristigi (AIK) egrisi kullanild.

Bulgular: ChatGPT-4 %83,3 (25/30), Gemini 1.5 ise %60,0 (18/30) oraninda kilavuz uyumu sagladi. McNemar testi ChatGPT-4 lehine
bir egilim gosterse de istatistiksel olarak anlamli degildi (p = 0,0654). Modeller arasi uyum zayifti (x = 0,15), genel fark anlamli
bulunmadi (x2 = 2,95; p = 0,0856). Gemini'nin ChatGPT-4e gore AiK egrisi altinda kalan alani (AUC) 0,62 idi.

Sonug: ChatGPT-4, 6zellikle anatomik ve radyolojik dederlendirme alanlarinda Gemini 1.5%e gore daha ylksek kilavuz uyumu
gostermistir. Ancak, sinirli model uyumu ve istatistiksel anlamliligin olmamasi, klinik uygulamadan dnce hekim denetimi ve ileri
dogrulama gerekliligini vurgulamaktadir. Bulgular, yapay zeka destekli travma karar destek sistemlerinin potansiyelini gostermekle
birlikte, akut bakimda hekim yargisinin 6nemini korudugunu ortaya koymaktadir.

Anahtar Kelimeler: Torasik travma, yapay zeka, triyaj, ChatGPT, Gemini, acil cerrahi, klinik karar destek sistemi

Introduction

High-energy thoracic trauma represents a critical
challenge in emergency medicine,accounting for 20-25% of
trauma-related mortality and contributing to an additional
50% of deaths among patients with polytrauma (1). The
Golden Hour concept emphasizes that survival outcomes
fundamentally depend on rapid recognition, accurate
assessment, and timely implementation of evidence-
based interventions within the first 60 minutes after injury.
Contemporary trauma care relies heavily on standardized
protocols, particularly the Advanced Trauma Life Support
(ATLS) guidelines developed by the American College of
Surgeons Committee on Trauma (2),which provide systematic
approaches to primary and secondary survey methodology,
diagnostic prioritization, and therapeutic decision-making.

The complexity of thoracic trauma management stems
from the anatomical diversity of potential injuries, ranging
from simple pneumothorax to life-threatening conditions
such as massive hemothorax, cardiac tamponade, and
tracheobronchial disruption (3). Each injury pattern
requires specific diagnostic approaches and therapeutic
interventions, and management decisions often depend
on integrating the clinical presentation, physiologic
parameters, imaging findings, and mechanisms of injury (4).
The time-sensitive nature of these decisions,combined with
the high stakes of potential adverse outcomes, creates an
environment where clinical decision support tools could
provide substantial value.

Artificial intelligence (Al) and machine learning
technologies have demonstrated increasing sophistication
in medical applications, with large language models (LLMs)
showing particular promise in knowledge-based medical
tasks. Recent studies (5-7) have evaluated Al performance
in medical licensing examinations, diagnostic reasoning,
and clinical documentation, with several models achieving

performance levels comparable to or exceeding those of
human physicians in controlled testing environments (8).
However, the translation of these capabilities to acute care
scenarios, particularly in trauma medicine where rapid
decision-making under uncertainty is paramount, remains
largely unexplored (9).

The potential applications of Al in trauma care extend
beyond simple knowledge retrieval to include pattern
recognition, risk stratification, and decision support in
resource-limited environments. Emergency departments
and trauma centers increasingly face challenges related
to physician workload, diagnostic accuracy under time
pressure, and standardization of care across different
experience levels. Al-assisted decision support could
address these challenges by providing consistent,guideline-
based recommendations (10) and maintaining the speed
necessary for acute care environments, although notable
limitations in accuracy have been documented.

This study aims to evaluate the performance of two
leading LLMs, ChatGPT-4 and Gemini 1.5, in providing
guideline-concordant recommendations for the
management of high-energy thoracic trauma. Through
a systematic evaluation of 30 synthetic clinical scenarios
designed to reflect authentic trauma presentations, we
assess the capacity of these Al systems to support clinical
decision-making in acute care settings while identifying
specific areas of strengths and limitations that inform future
development and implementation strategies.

Materials and Methods

This study employed a retrospective simulation
framework involving 30 synthetically generated high-
energy thoracic trauma scenarios. Case construction was
guided by existing literature on trauma epidemiology, injury
biomechanics, and acute clinical management protocols.
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Cases were reviewed by two board-certified trauma surgeons
to ensure plausibility, clinical relevance,and alignment with
real-world trauma profiles.

Two state-of-the-art LLMs were evaluated: ChatGPT-4
(OpenAl) and Gemini 1.5 (Google DeepMind). Each model
was independently queried using the 30 cases in a
structured prompt format. Each model was queried in a new
and isolated session to avoid memory-related carryover
effects and minimize prompt-context drift. Prompts included
anonymized clinical summaries detailing the mechanism of
injury, vital signs, physical findings, and a primary clinical
question (e.g., airway management, need for imaging, and
need for thoracostomy).

Model outputs were assessed for:

e Clinicalappropriateness:Whetherthe recommendation
aligned with accepted trauma protocols.

e Guideline concordance: Based on ATLS, Eastern
Association for the Surgery of Trauma (EAST), and trauma
surgical best practices.

e Intervention prioritization: Accuracy and urgency of
life-saving measures.

Responses were scored dichotomously (1 = guideline-
concordant; 0 = discordant or delayed) by an independent
panel of trauma specialists blinded to model identity.
Statistical analysis included descriptive  statistics,
McNemar’s test, Cohen’s Kappa coefficient, chi-square tests,
and receiver operating characteristic (ROC) curve analysis
to evaluate diagnostic performance and model agreement.

The study was conducted without human subject data
and was therefore exempt from institutional review board
(IRB) approval.

Inclusion Criteria

A total of 30 synthetic cases were included in this study
(Table 1). These cases were designed to emulate real-world
presentations of high-energy thoracic trauma, based on
established injury patterns observed in clinical practice.
Inclusion criteria for case construction were as follows:

e Mechanism of injury consistent with high-energy
blunt or penetrating thoracic trauma (e.g., motor vehicle
collisions, falls from height, crush injuries).

» Presence of physiologic instability (e.g., hypotension,
tachypnea, hypoxia) or pathognomonic thoracic injury signs
(e.g., subcutaneous emphysema, flail chest, distended neck
veins).

 Availability of clearly defined clinical findings, vital
signs, and a specific diagnostic or management question
related to acute trauma care.

e Relevance to guideline-based decision-making
processes, particularly those addressed by the ATLS and
EAST recommendations.

Each synthetic case was developed to provide sufficient
detail for Al models to interpret the scenario and to propose
a prioritized clinical action plan.

Statistical Analysis

Responses from the two Al models were dichotomously
scored (1 = guideline-concordant; O = discordant or delayed)
by an independent panel of trauma specialists blinded to
modelidentity.Descriptive statistics were used to summarize
categorical variables as frequencies and percentages.

A paired comparison of binary outcomes was conducted
using the McNemar test to detect significant differences in
guideline-concordant responses between the two models.
Agreement between ChatGPT and Gemini was assessed using
Cohen’s Kappa coefficient. A chi-square test was performed
to examine associations between model performance and
case-specific variables. This test was used solely to evaluate
differences in paired proportions and was not intended to
represent clinical agreement or imply clinical equivalence
between the models.

Apairedt-test was notapplied because the model outputs
were binary (0/1),and this test requires continuous,normally
distributed data. ROC curves were generated to evaluate
the diagnostic performance of each model in predicting
expert-aligned responses. In this study, ROC analysis was
used as an exploratory model-to-model comparison tool
rather than a clinical diagnostic metric, with ChatGPT’s
outputs serving as the benchmark. The area under the curve
(AUC) was calculated to quantify discriminatory power. All
analyses were performed using SPSS version 27 (IBM Corp.)
and GraphPad Prism version 9.0, with statistical significance
set at a p-value < 0.05.

Results

In the context of Al-assisted decision-making in trauma
care, concordant response scores refer to the degree of
alignment between an Al model’s clinical recommendations
and established trauma management guidelines, such as
ATLS or EAST.

The purpose of concordance scoring is to assess the
reliability and clinical appropriateness of Al-generated
responses, particularly in high-stakes scenarios such as
high-energy thoracic trauma. Each response is evaluated by
expert reviewers or automated protocols for its consistency
with evidence-based clinical standards.

Concordant response scores provide a quantifiable
framework to determine the clinical utility of Al models.
In our study, models, such as ChatGPT-4 and Gemini 1.5,
were evaluated on 30 synthetic thoracic trauma cases. The
scoring system allowed a standardized comparison based
on adherence to trauma guidelines, revealing significant
differences in model performance (Table 2).
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Table 1. Synthetic thoracic trauma cases dataset.

Case ID | Age | Gender | Mechanism of injury | Clinical findings Vital signs Primary question
. Subcutaneous emphysema | BP: 101/74 mmHg, HR: 122 bpm, | What should be the
1 72 Male é;?:gtlt D (A and decreased breath RR: 28 bpm, immediate clinical approach
) sound on the right Sp0,:92% and need for intervention?
. Massive hemothorax BP: 80/63 mmHg, HR: 99 bpm, What should be the
Assault with blunt AR - . . - o
2 54 Female obiect requiring immediate RR: 31 bpm, immediate clinical approach
) decompression Sp0,: 86% and need for intervention?
High-speed motor Multiple Lleft rib fractures BP:. PRI i (R LE2 g, What ShOUld be i
g = Akl vehicle collision with minimal hemothorax 1553 182 o1 i T2e/Fe EEEL E(p TR
Sp0,:96% and need for intervention?
Pedestrian struck Flail chest with bilateral 17 i3 manly 1% £ eran What ShOUld .bE." e
4 40 Female by car ulmonary contusion RR: 35 bpm, immediate clinical approach
y P y Sp0,:98% and need for intervention?
BP:95/70 mmHg,
Assault with blunt | Multiple left rib fractures | HR: 140 bpm, What should be the
5 63 Male - . L ; immediate clinical approach
object with minimal hemothorax | RR: 25 bpm, - .
Sp0 - 90% and need for intervention?
2° (]
. . . . BP:91/68 mmHg, HR: 99 bpm, What should be the
6 64 Female Eedcis;trlan SIS Ftal#;r;easrt vcvcl)tnrlf;ilg:]eral RR: 27 bpm, immediate clinical approach
K P v Sp0,:97% and need for intervention?
High-speed motor Subcutaneous emphysema | BP: 120/66 mmHg, HR: 95 bpm, | What should be the
7 57 Male veaiclepcollision and decreased breath RR: 20 bpm, immediate clinical approach
sound on the right Sp0,:94% and need for intervention?
. Cardiac tamponade signs BP: 80/73 mmHg, HR: 103 bpm, | What should be the
Pedestrian struck . . . . . o
8 61 Female by car with hypotension and RR: 23 bpm, immediate clinical approach
y tachycardia Sp0,:95% and need for intervention?
Pulmonary contusion BP:91/80 mmHg, HR: 123 bpm, | What should be the
9 20 Male Fall from height with right-sided small RR: 29 bpm, immediate clinical approach
pneumothorax Sp0,:95% and need for intervention?
. Massive hemothorax BP:111/69 mmHg, HR: 123 bpm, | What should be the
Pedestrian struck A - . . .
10 34 Female by car requiring immediate RR: 20 bpm, immediate clinical approach
y decompression Sp0,: 89% and need for intervention?
. Cardiac tamponade signs BP:107/59 mmHg, HR: 121 bpm, | What should be the
High-speed motor . . : . - e
11 50 Female vehicle collision with hypotension and RR: 33 bpm, immediate clinical approach
tachycardia Sp0,: 88% and need for intervention?
. . BP: 100/40 mmHg, HR: 119 bpm, | What should be the
12 53 Female | Industrial accident gun%uiaéfggﬁzgr':tfon::%z RR: 27 bpm, immediate clinical approach
Sp0,:90% and need for intervention?
High-speed motor Pulmonary contusion BP: 108/52 mmHg, HR: 97 bpm, | What should be the
13 75 Male veaiclepcollision with right-sided small RR:22 bpm, immediate clinical approach
pneumothorax Sp0,:95% and need for intervention?
Cardiac tamponade signs BP: 83/41 mmHg, HR: 91 bpm, What should be the
14 69 Female | Fall from height with hypotension and RR: 21 bpm, immediate clinical approach
tachycardia Sp0,:96% and need for intervention?
. . . . BP: 86/76 mmHg,HR: 119 bpm, | What should be the
15 52 Female Eedcis:trlan AIUES Ftal#;:zsrt \év(;tnrlf;ilgaeral RR: 36 bpm, immediate clinical approach
g P v Sp0,: 89% and need for intervention?
Pulmonary contusion BP: 97/60 mmHg, HR: 106 bpm, | What should be the
16 40 Female | Fall from height with right-sided small RR: 22 bpm, immediate clinical approach
pneumothorax Sp0,:90% and need for intervention?
Tracheobronchial injury BP: 106/78 mmHg, HR: 134 bpm, | What should be the
17 31 Male Motorcycle crash suspected with severe air RR: 19 bpm, immediate clinical approach
leak Sp0,: 87% and need for intervention?
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Table 1. Continued.

CaseID | Age | Gender | Mechanism of injury | Clinical findings Vital signs Primary question
High-speed motor Open chest wound with BP:. DO 12 /8 £ 2T What ShOULd be dne
18 66 Male vehicle collision aradoxical movement RR: 34 bpm, immediate clinical approach
P Sp0,:85% and need for intervention?
Massive hemothorax BP: 89/48 mmHg, HR: 101 bpm, | What should be the
19 60 Female | Motorcycle crash requiring immediate RR: 29 bpm, immediate clinical approach
decompression Sp0,:96% and need for intervention?
High-speed motor Sternal fracture with BP:118/69 mmHg, HR: 134 bpm, | What should be the
20 19 Male ve?miclepcollision anterior chest wall RR: 28 bpm, immediate clinical approach
deformity Sp0,:96% and need for intervention?
AssaUllewith BNt [FL=illchestwith Bilatersl i o o=/ ddmmbigzER-LOBspm{f¥¥hiabshouldice the
21 23 Male obiect ulmonary contusion RR: 34 bpm, immediate clinical approach
) P y Sp0,:87% and need for intervention?
. . . BP: 74/44 mmHg, HR: 122 bpm, | What should be the
22 34 Male éf’?:gtlt il (TS xﬁg'%ﬁil;f;lnhbefnr]aoﬁ]ugreasx RR: 27 bpm, immediate clinical approach
: Sp0,:94% and need for intervention?
Massive hemothorax BP:98/75 mmHg, HR: 101 bpm, | What should be the
23 30 Male Motorcycle crash requiring immediate RR: 27 bpm, immediate clinical approach
decompression Sp0,:92% and need for intervention?
Open chest wound with BP: 84/80 mmHg, HR: 100 bpm, | What should be the
24 32 Female | Industrial accident gradoxical movement RR: 30 bpm, immediate clinical approach
P Sp0,: 90% and need for intervention?
High-speed motor Open chest wound with BP:, BL7/EID GRITAGh RS D002 o, What ShOULd be 40E
25 44 Female vehicle collision aradoxical movement RR:32 bpm, immediate clinical approach
P Sp0,:98% and need for intervention?
. Pulmonary contusion BP: 70/59 mmHg, HR: 98 bpm, What should be the
26 40 Female égg:;lt with blunt with right-sided small RR: 29 bpm, immediate clinical approach
) pneumothorax Sp0,:92% and need for intervention?
Tracheobronchial injury BP: 96/46 mmHg, HR: 117 bpm, | What should be the
27 21 Male Fall from height suspected with severe air RR: 31 bpm, immediate clinical approach
leak Sp0,: 88% and need for intervention?
. Cardiac tamponade signs BP:94/75 mmHg, HR: 97 bpm, What should be the
High-speed motor . . . . - o
28 41 Female vehicle collision with hypotension and RR: 36 bpm, immediate clinical approach
tachycardia Sp0,: 90% and need for intervention?
Pulmonary contusion BP: 90/42 mmHg, HR: 140 bpm, | What should be the
29 59 Male Industrial accident with right-sided small RR: 27 bpm, immediate clinical approach
pneumothorax Sp0,:95% and need for intervention?
Massive hemothorax BP: 76/40 mmHg, HR: 128 bpm, | What should be the
30 56 Male Industrial accident requiring immediate RR: 34 bpm, immediate clinical approach
decompression Sp0,:95% and need for intervention?
BP, blood pressure; HR, heart rate; RR, respiratory rate.

The implementation of such scoring systems is essential
for validating Al tools in critical care environments.
While high concordance implies safe and actionable
recommendations, discordant outputs underscore the need
for clinician oversight and further training of these models.

ChatGPT-4 achieved concordant responses in 25 out of
30 cases (83.3%).Gemini 1.5 achieved concordant responses
in 18 out of 30 cases (60.0%; Figure 1).

ChatGPT-4 demonstrated a significantly higher
concordance with trauma management guidelines,achieving
an accuracy of 83.3%, compared to Gemini 1.5’s 60.0%.
This discrepancy suggests that ChatGPT-4 may offer more
reliable clinical decision support in acute trauma scenarios,

aligning more consistently with established protocols such
as ATLS. These findings underscore the potential of LLMs
to augment emergency triage and intervention planning,
provided they are appropriately validated and supervised.

Contingency table:

e Both correct: 16

e ChatGPT only correct: 9

e Gemini only correct: 2

e Bothincorrect: 3 McNemar test statistic = 2.00, p-value
=0.0654

e Interpretation: A statistically significant result (p <
0.05) indicates a difference in accuracy between the two
models.
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The McNemar test was applied to evaluate whether the
difference in accuracy between ChatGPT and Gemini was
statistically significant. The test focuses specifically on
discordant pairs—instances where one model was correct
and the other was not (Table 3). The analysis yielded a test
statistic of 2.00 (p = 0.0654).

e Interpretation: While ChatGPT outperformed Gemini in
more cases (9 vs. 2), the difference did not reach statistical
significance at the conventional threshold (p < 0.05). This
suggests a trend toward superior performance by ChatGPT,
but the evidence is insufficient to conclusively reject the
null hypothesis. Larger datasets or stratified subgroup
analyses may be required for more robust inference.

Table 2. Characteristics of concordant response scoring.

Feature Description
Binary assessment of whether the Al
Definition output adheres to recognized clinical

guidelines.

1 = guideline-concordant, 0 = discordant

Scoring method . -
or inappropriate.

Timeliness, accuracy, clinical
appropriateness, and intervention
prioritization.

Assessment criteria

Scored by trauma care experts or
automated algorithms using decision
matrices.

Review process

Evaluating Al reliability in trauma triage

Use case
and acute management contexts.

Al, artificial intelligence.
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Figure 1. Comparison of guideline-concordant response rates
between ChatGPT-4 and Gemini 1.5 across 30 synthetic high-
energy thoracic trauma cases.

Cohen’s kappa score was 0.15, indicating the level of
agreement between the two models’ responses (Table 4).

Cohen’s Kappa coefficient is a statistical measure used
to assess the level of agreement between two raters or
models beyond chance. This analysis quantifies how often
ChatGPT and Gemini provided the same classification (i.e.,
guideline-concordant or discordant responses) across 30
trauma cases.

The resulting Cohen’s Kappa score of 0.15 indicates only
slight agreement between the two Al models. According
to the commonly accepted benchmarks (Landis and Koch,
1977), this suggests that the models often diverged in
their decisions. Low inter-model agreement may reflect
differences in algorithmic reasoning, training data, or
interpretation of clinical priorities.

e Implications: While both models aim to mimic clinical
reasoning, the modest level of agreement highlights
variability in Al-generated recommendations. This
variability underscores the necessity for human oversight
and systematic validation of Al models before integration
into clinical workflows.

Chi-square statistic = 2.95, p-value = 0.0856

e Interpretation: This test assesses whether the overall
success rates of the two models differ significantly.

The chi-square test was conducted to determine whether
the proportion of guideline-concordant responses differs
significantly between ChatGPT-4 and Gemini 1.5 (Table 5).
The resulting chi-square statistic was 2.95 (p = 0.0856).

e Interpretation: Although ChatGPT-4 showed a
numerically higher rate of concordant responses (83.3%)
compared to Gemini 1.5 (60.0%), the observed difference

Table 3. Contingency table of concordant responses between
models.

Comparison Number of cases
Both models correct 16

ChatGPT only correct 9

Gemini only correct

Both models incorrect 3

Table 4. Agreement assessment between ChatGPT and Gemini.

Metric Value
0.15
Slight agreement

Cohen’s Kappa score

Interpretation

Table 5. Frequency distribution of guideline-concordant and

discordant responses.

Model Concordant Discordant
ChatGPT-4 25 5
Gemini 1.5 18 12
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did not reach statistical significance at the conventional
alpha level (p < 0.05). This indicates that while ChatGPT-4
appears more consistent with clinical guidelines,the sample
size may be insufficient to definitively establish superiority
using this method alone.

e Clinical implication: Chi-square analysis supports
preliminary findings but also underscores the importance of
larger sample sizes and complementary statistical methods
for robust comparative assessments.

The ROC analysis comparing Gemini’s concordance with
ChatGPT’s reference standard yielded an AUC of 0.62.

The ROC curve compares the classification performance
of Gemini 1.5, using ChatGPT-4’s decisions as the reference
standard (Figure 2). The area under the ROC curve (AUC) was
calculated to be 0.62.

e Interpretation: The AUC reflects the model’s ability
to distinguish between concordant and discordant
classifications. An AUC value of 0.5 indicates no
discriminative ability, while a value close to 1.0 indicates
excellent performance. The observed AUC of 0.62 suggests
a moderate ability of Gemini 1.5 to emulate ChatGPT-4’s
decision-making pattern, but it indicates limitations in
reliability and clinical precision.

e Clinical relevance: Although ROC analysis is typically
used in binary classification contexts with a definitive
ground truth, its application here illustrates the divergence
in decision patterns between Al models. This supports the
broader argument that Al model selection and validation
must be context-specific, particularly in safety-critical
domains such as trauma care.

ROC Curve for Gemini vs ChatGPT Concordance
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Figure 2. ROC curve showing Gemini 1.5 discriminative
performance using ChatGPT-4 as reference.

ROC, receiver operating characteristic.

Discussion

Previous comparative studies evaluating large language
models in acute clinical scenarios have reported variability
in temporal accuracy and guideline adherence. showing
that ChatGPT provided more guideline-consistent and
timely interventions in emergency neurosurgical contexts
than Gemini. The authors emphasized the significance of
timeliness and context awareness in Al-generated clinical
recommendations—both of which are critical in trauma
scenarios. These findings align with our observations,
particularlyin high-stakes situations such as the management
of tension pneumothorax or cardiac tamponade, where
delays can result in catastrophic outcomes.

The findings of this study underscore the potential of Al
models in enhancing clinical decision-making in high-stakes
environments such as thoracic trauma care. ChatGPT-4
demonstrated superior guideline adherence compared to
Gemini 1.5, particularly in cases requiring immediate and
protocol-driven interventions. This observation aligns with
previous literature, in which ChatGPT has shown relatively
high performance in structured clinical assessments (11,12).

Despite promising results, the slight agreement between
ChatGPT-4 and Gemini (Cohen’s kappa = 0.15) suggests
significant variability in how each model interprets and
applies clinical guidelines. This phenomenon has been
documented in other comparative studies, such as those
evaluating Al model performance on neurosurgical board
examinations and radiologic decision-making tasks (13,14).
The inconsistency between models highlights the influence
of underlying architectures, training corpora, and inference
mechanisms on the clinical applicability of Al-generated
responses.

Concordant response scoring in this context provided
a standardized, objective measure of Al performance. This
methodology has gained traction in recent Al benchmarking
efforts within the healthcare domain (15,16). Our findings
contribute to this growing body of literature by applying such
metrics in a trauma-specific setting—an area that demands
rapid, accurate, and guideline-concordant decisions (Table
6).

While ChatGPT-4 achieved a higher rate of correct
responses, the lack of statistical significance in McNemar’s
test (p = 0.0654) and the chi-square test (p = 0.0856)
underscores the need for cautious interpretation. Larger
datasets or prospective validation in real-world clinical
encounters may be required to confirm the superiority.
Additionally, ROC curve analysis yielded an AUC of 0.62 for
Gemini 1.5, indicating limited but detectable discriminative
ability when benchmarked against ChatGPT-4. Importantly,
the statistical agreement identified by McNemar’s test does
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not imply clinical equivalence between the models and,
therefore, has limited interpretive value in evaluating their
real-world performance. Similarly, the ROC results should
be interpreted as an exploratory comparison of relative
discriminative behavior between models rather than as a
measure of clinical diagnostic accuracy.

The modest AUC and observed discordance raise
important considerations regarding the use of Al in
critical care. As Haemmerli et al. (17) and Aghamaliyev et
al. (18) have noted, Al tools must be evaluated not only
for accuracy but also for the potential consequences of
delayed or inappropriate recommendations. In trauma
care—where decisions often have immediate life-or-death
consequences—this requirement is paramount.

Table 6. Case-by-case concordance scores.

Case ID ChatGPT score Gemini score
(guideline-concordant) | (guideline-concordant)
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Moreover,the pattern of conservative responses observed
in Gemini mirrors findings from previous assessments in
ophthalmology and otolaryngology, where the model often
opted for watchful waiting or further diagnostic evaluation
rather than decisive action (19,20). While such caution may
be appropriate in certain contexts, it can be detrimental in
acute trauma scenarios.

In  contrast, ChatGPT-4's more assertive clinical
posture reflects its alignment with structured, guideline-
based responses, making it potentially more suitable for
integration into triage decision-support tools. Nonetheless,
the necessity of clinical oversight cannot be overstated, as
even small inaccuracies in high-acuity settings can have
cascading effects.

In summary, our findings support the hypothesis that
ChatGPT-4 is more consistent with established trauma
protocols than Gemini 1.5. However, both models exhibited
limitations, particularly in inter-model reliability. These
results reinforce the need for hybrid models of care in which
Al augments, but does not replace, human clinical judgment.

Future Directions

To further validate and refine the role of Al in trauma
care, several avenues of research should be pursued. First,
prospective studies using real patient data—preferably in
multicenter emergency or trauma settings—are essential
to evaluate Al performance under real-world constraints,
including time pressure, incomplete data, and diagnostic
ambiguity.

Second, future work should aim to develop more nuanced
and multidimensional evaluation metrics, incorporating
partial correctness, clinical rationale quality, and decision-
making efficiency alongside strict guideline adherence.
The use of expert panels and Delphi methods may aid in
establishing more robust scoring frameworks.

Additionally, future studies will incorporate repeated
querying on different days,randomization of case order,and
session resets such as clearing cache/cookies to evaluate
reproducibility and quantify model-level variability. These
methodological refinements will help assess intra-model
variability and enhance the robustness of comparative LLM
analyses.

Third, expanding the sample size and diversity of
trauma mechanisms (e.g., penetrating injuries, blast trauma,
pediatric cases) will enhance the generalizability and
clinical utility of Al models. Stratified analysis by injury type
or severity could yield insights into model-specific strengths
and weaknesses.

Fourth, integration of multimodal data—including
radiological images, ultrasound findings, and vital sign
trends—into model prompts may significantly enhance
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diagnostic accuracy and triage appropriateness. Future
models capable of processing such heterogeneous inputs
should be evaluated.

Lastly, the incorporation of Al into clinical workflows
must be accompanied by rigorous usability studies,
clinician-Al interaction analyses, and ethical evaluations.
Ensuring transparency, interpretability, and accountability
in Al-driven recommendations is paramount, especially in
high-stakes domains like trauma surgery.

Study Limitations

Despite its structured methodology and expert-
reviewed design, this study possesses several limitations.
First, the use of synthetic trauma cases, while beneficial
for standardization and reproducibility, may not fully
replicate the complexity and variability observed in real-
world clinical encounters. As such, generalizability to live
patient care settings is limited and necessitates cautious
interpretation of findings.

Second, the binary concordant scoring system, although
practical for assessing guideline adherence, lacks
granularity in capturing partial correctness or contextual
appropriateness. This may oversimplify the spectrum of
clinical acceptability, especially in nuanced cases where
multiple valid management strategies may coexist.

Third, the relatively small sample size (n = 30) restricts
the statistical power of comparative analyses. While trends
favoring ChatGPT-4 were observed, several tests did not
reach conventional thresholds of statistical significance,
thereby limiting the strength of inferential claims.

Additionally, because each case was tested only once per
model, the study does not capture intra-model variability
across repeated sessions. This limitation has been added
to acknowledge that LLM outputs may vary depending
on prompt order, timing, or session resets. Future studies
incorporating repeated testing will be necessary to quantify
reproducibility.

Furthermore, expert assessment of Al responses, though
blinded and based on consensus guidelines, is inherently
subjective. Inter-rater variability was not formally quantified,
which may affect the consistency of scoring across cases.

Finally, the models were evaluated in a retrospective,
asynchronous simulation framework, without real-time
interaction, iterative questioning, or multimodal inputs (e.g.,
imaging, labs), which are crucial elements in actual trauma
evaluation. Therefore, performance under dynamic clinical
conditions remains untested.

Conclusion

This study demonstrates that LLMs, particularly
ChatGPT-4, possess promising capabilities in supporting

early decision-making in high-energy thoracic trauma
scenarios. ChatGPT-4 outperformed Gemini 1.5 in terms of
guideline adherence, intervention prioritization, and overall
clinical appropriateness. Although the statistical analyses
did not yield definitive significance across all measures,the
trend consistently favored ChatGPT-4.

These findings highlight the potential role of Al in
supplementing clinical workflows where rapid, evidence-
based decisions are critical. In the high-stakes environment
of trauma care—where time-sensitive decisions directly
influence morbidity and mortality—Al-based support tools
may offer tangible improvements in triage, diagnosis, and
immediate management, particularly in settings with
limited access to experienced trauma surgeons.

Nevertheless, the variability in model performance and
low inter-model agreement reinforce the importance of
human oversight and rigorous validation. Al models remain
prone to hallucinations, contextual misinterpretations, and
overly cautious or delayed recommendations, all of which
could carry significant clinical risks in acute settings.

Until such systems achieve consistent reliability, Al
should be viewed as an adjunct rather than a replacement
for expert clinical judgment. Moreover, their utility must be
continuously re-evaluated through prospective validation
studies, including real patient scenarios, multi-center
collaborations, and integration with real-time decision-
support systems.

Future research should focus on expanding the sample
size, incorporating diverse trauma etiologies, and testing Al
models across heterogeneous healthcare environments. The
ultimate goal should be the development of interoperable,
context-sensitive Al tools that support equitable and high-
quality emergency care without compromising patient
safety.
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therapeutic considerations.

ABSTRACT

Keywords: Bell's palsy, spinal surgery, prone position

Bell's palsy (BP) is an acute, idiopathic, unilateral facial nerve paralysis. Although rare, facial nerve palsy has been reported following
prone positioning during surgery. We present a case of BP detected 18 hours after lumbar disc surgery, emphasizing diagnostic and

Bell paralizisi (BP), yiiz kaslarinin tek tarafli felciyle seyreden, ani baslangicli ve cogunlukla nedeni bilinmeyen bir durumdur. Prone
pozisyonda cerrahi uygulanan hastalarda nadiren de olsa fasiyal sinir felci bildirilmektedir. Bu olgu sunumunda, lomber disk cerrahisi
sonrasi postoperatif 18. saatte BP gelisen bir olgu lzerinden tani, tedavi ve olasi nedenler tartisilmistir.

Anahtar Kelimeler: Bell paralizisi, spinal cerrahi, pron pozisyon

Introduction

Bell’s palsy (BP) is an acute-onset unilateral lower motor
neuron facial paralysis that is idiopathic in the majority of
cases (1-4). Possible causes include infections (e.g., viral,
such as herpes simplex; bacterial, such as Lyme disease),
cerebrovascular events, tumors, trauma, and Guillain-Barré
syndrome. The most common mechanism is inflammation
and edema that compress the facial nerve within the
fallopian canal (3).

Symptoms vary depending on the extent and location of
the lesion. Diagnosis is usually clinical; imaging is reserved
for atypical cases or when alternative etiologies are
suspected (1-4).Steroids and antiviral agents are commonly

used treatments; early administration of corticosteroids has
been shown to improve outcomes (5-10).

This report aims to highlight an uncommon case of
BP developing after lumbar disc surgery performed in the
prone position.

Case Report

Written informed consent was obtained. A 74-year-old
male (80 kg) with a history of coronary artery disease and
hypertension was scheduled to undergo surgery for lumbar
disc herniation because of foot drop. His medications
included acetylsalicylic acid, candesartan, and doxazosin.
Preoperative examinations were unremarkable.
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Following standard monitoring and induction of
anesthesia, the patient was intubated with a 7.5-mm spiral
endotracheal tube. Maintenance included 2% sevoflurane
in 50:50 Oz-air and a remifentanil infusion at 0.05 mcg/
kg/min. The patient was placed in the prone position with
appropriate padding of the head, face, and chest to avoid
compression.

Vital signs remained stable throughout the 90-minute
procedure. Intraoperative fluid administration totaled 2500
mL, with 600 mL of blood loss and 350 mL of urine output.
The patient was extubated uneventfully and transferred to
the ward.

At postoperative hour 18, the patient reported right-
sided facial numbness. Clinical examination revealed an
inability to raise the right eyebrow, drooping of the mouth
and forehead on the same side, ptosis, and flattening of the
nasolabial fold (Figure 1).

Otolaryngologic evaluation and magnetic resonance
imaging revealed no abnormalities.A diagnosis of peripheral
facial nerve palsy was considered, likely secondary to prone
positioning. Prednisolone (1 mg/kg/day, tapered over 2
weeks) and vitamin B12 (for 1 month) were initiated. To
prevent corneal injury, artificial tears, ointment, and eye
patches were recommended. The patient was discharged
on postoperative day 8, and near-complete recovery was
observed at the 5-month follow-up.

Figure 1. Facial asymmetry. Right eyebrow and eyelid drooping
and nasolabial sulcus effacement.

Discussion

BP is typically diagnosed clinically, with imaging used
only when other pathologies are suspected. Although
80-90% of patients recover fully, residual deficits such as
impaired eye closure, an asymmetric smile, or synkinesis
may occur (1-4,11,12). Although viral, autoimmune, and
ischemic theories have been suggested for its etiology, most
cases show spontaneous and complete recovery within the
first three months (13). The extent of initial paralysis is a
major prognostic factor (1-5).

Corticosteroids are considered first-line treatment,
especially when initiated within 72 hours (14). According
to the American Academy of Neurology, the recommended
dosing includes 1 mg/kg/day for 6 days, followed by a taper
to complete a total of 10 days (9,10). Antiviral therapy
alone is less effective, but may be beneficial when used in
combination with other therapies (6-10).

The prevalence of BP has been reported to increase
with age, in diabetic patients, and in the third trimester
of pregnancy (11). BP is characterized by involvement
of the facial nerve; however in some patients it may be
accompanied by additional neurological symptoms, such as
facial tingling, neck pain or headache, balance disturbances,
weakness of the ipsilateral extremities, and memory
problems (15).

Although BP developing after anesthesia is rare, it
remains clinically important. BP often represents an
idiopathic condition (16). BP resulting from the prone
position is thought to be of traumatic origin. Inflammation
and edema resulting from compression of the facial nerve,
which runs along the fallopian canal in the temporal bone,
are the most common causes of BP (3). Lower cranial nerve
palsy has been reported in a patient ventilated in the prone
position, caused by compression of cranial nerves IX-XII
in the mandibular retrocondylar-peripharyngeal space
secondary to edema and inflammation (17).

Many cases of facial paralysis reported in the
anesthesiology literature have been associated with
head malpositioning or excessive jaw maneuvers used
to maintain airway patency (18). Tension can occur in
the stylomandibular, sphenomandibular, and capsular
ligaments during jaw-forward maneuvers, leading to
erosion and subluxation of the temporomandibular joint.
Anesthesiologists often must apply significant pressure to
the jaw, where the facial nerve courses superficially, when
positioning face masks for preoxygenation and for mask
oxygenation after extubation. Current ventilation masks
are designed with anatomically appropriate shapes and
sizes,and when used carefully, even with a tight fit, they are
highly unlikely to cause nerve paralysis or skin necrosis (19).
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However, prolonged application exceeding several hours
can often cause circulatory compromise in areas with bony
prominences (20,21).

Prone positioning presents challenges in maintaining
physiological head alignment. Though rare, facial nerve
palsy due to prone positioning has been documented
(2,11,17). Improper head positioning, mandibular pressure,
or excessive airway maneuvers may be contributing factors
(2,17-19). Our case did not involve difficult intubation or
maskventilation; the patient was easily ventilated byasingle
provider and intubated in a single session. Furthermore,
care was taken to ensure that the head remained in the
appropriate position while prone. Therefore, the most likely
cause of BP in our case was thought to be impaired axonal
conduction of the facial nerve due to compression from
edema or inflammation within the fallopian canal of the
temporal bone.

Conclusion

BP remains a predominantly clinical diagnosis with
variable etiology and prognosis. Clinicians should be aware
of facial nerve palsy as a potential complication of prone
positioning. Early diagnosis and prompt corticosteroid
treatment can enhance recovery. Further multicenter
studies are needed to establish preventive protocols and
management strategies in surgical settings.

Ethics

Informed Consent:
obtained.

Written informed consent was

Footnotes

Authorship Contributions

Surgical and Medical Practices: AK., AST, HK., AAY.,
Concept: G.K.,AK.,A.S.T., Design: G.K., A.K., Data Collection
or Processing: A.K.,AS.T.,H.K.,A.AY,, Literature Search: G.K.,
AK., Writing: G.K.,AK.

Conflict of Interest: No conflict of interest was declared
by the author(s).

Financial Disclosure: The author(s) declared that this
study received no financial support.

REFERENCES

1. Ly N, Powers BR, Chaiet SR. Adherence to clinical practice guidelines for
treatment of Bell’s palsy. WMJ. 2022;121:274-279. [Crossref]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Grohol B, Reno D, Jennings TJ, Fortin GT, Rolfs M. Back to play
considerations in a patient with Bell's palsy: a case report and review.
Cureus. 2023;15:35739. [Crossref]

Zhang W, Xu L, Luo T, Wu F, Zhao B, Li X. The etiology of Bell’s palsy: a
review.J Neurol. 2020;267:1896-1905. [Crossref]

Gardner S,Garber L, Grossi J. Bell's palsy: description,diagnosis,and current
management. Cureus. 2025;17:e77656. [Crossref]

Fujiwara T,Namekawa M, Kuriyama A, Tamaki H. High-dose corticosteroids
for adult Bell’s palsy: systematic review and meta-analysis. Otol Neurotol.
2019;40:1101-1108. [Crossref]

Dong Y, Zhu Y, Ma C, Zhao H. Steroid-antiviral treatment versus steroids
alone for Bell’s palsy: a meta-analysis. IntJ Clin Exp Med. 2015;8:413-421.
[Crossref]

Rim HS, Byun JY,Kim SH, Yeo SG. Optimal Bell’s palsy treatment: steroids,
antivirals,and a timely and personalized approach.) Clin Med.2023;13:51.
[Crossref]

Engstrom M, Berg T, Stjernquist-Desatnik A, Axelsson S, Pitkdranta
A, Hultcrantz M, et al. Prednisolone and valaciclovir in Bell's palsy: a
randomised, double-blind, placebo-controlled, multicentre trial. Lancet
Neurol. 2008;7:993-1000. [Crossref]

Anderson P. New AAN guideline on Bell’s palsy. Medscape Medical News.
November 7,2012. [Crossref]

Gronseth GS, Paduga R; American Academy of Neurology. Evidence-
based guideline update: steroids and antivirals for Bell palsy. Neurology.
2012;79:2209-2213. [Crossref]

Vrabec JT, Isaacson B,Van Hook JW. Bell’s palsy and pregnancy. Otolaryngol
Head Neck Surg. 2007;137:858-861. [Crossref]

Jeong J, Yoon SR, Lim H, Oh J, Choi HS. Risk factors for Bell’s palsy based
on the Korean National Health Insurance Service National Sample Cohort
data. Sci Rep. 2021;11:23387. [Crossref]

Batum M, Mavioglu H. Bell paralizisi ve tibbi tedaviler. In: Yoleri L, ed. Yuz
Felci Reanimasyonu. 1st ed. Ankara: Tirkiye Klinikleri; 2020:1-9. [Crossref]

Madhok V, Falk G, Fahey T, Sullivan FM. Prescribe prednisolone alone
for Bell's palsy diagnosed within 72 hours of symptom onset. BMJ.
2009;338:b255. [Crossref]

Morris AM, Deeks SL, Hill MD, Midroni G, Goldstein WC, Mazzulli T, et
al. Annualized incidence and spectrum of illness from an outbreak
investigation of Bell's palsy. Neuroepidemiology. 2002;21:255-261.
[Crossref]

Elliott HC. Textbook of Neuroanatomy. 2nd ed. Philadelphia: J.B. Lippincott
Company; 1969. [Crossref]

Le MQ,Rosales R, Shapiro LT,Huang LY. The downside of prone positioning:
the case of a COVID-19 survivor.AmJ Phys Med Rehabil. 2020;99:870-872.
[Crossref]

Zabisch K. Facial paralysis as a complication of anesthesia. Anaesthesist.
1953;2:141-142. [Crossref]

Nava S, Navalesi P, Gregoretti C. Interfaces and humidification for
noninvasive mechanical ventilation. Respir Care.2009;54:71-84.[Crossref]
Meduri GU. Noninvasive positive-pressure ventilation in patients with
acute respiratory failure. Clin Chest Med. 1996;17:513-553. [Crossref]

Mehta S, Hill NS. Noninvasive ventilation. Am J Respir Crit Care Med.
2001;163:540-577. [Crossref]


https://pubmed.ncbi.nlm.nih.gov/36637837/
https://doi.org/10.7759/cureus.35739
https://doi.org/10.1007/s00415-019-09282-4
https://doi.org/10.7759/cureus.77656
https://doi.org/10.1097/MAO.0000000000002317
https://pubmed.ncbi.nlm.nih.gov/25785012/
https://doi.org/10.3390/jcm13010051
https://doi.org/10.1016/S1474-4422(08)70221-7
https://doi.org/10.1212/WNL.0b013e318275978c
https://doi.org/10.1016/j.otohns.2007.09.009
https://doi.org/10.1038/s41598-021-02816-9
https://doi.org/10.1136/bmj.b255
https://doi.org/10.1159/000065645
https://doi.org/10.1097/PHM.0000000000001530
https://pubmed.ncbi.nlm.nih.gov/13092446/
https://pubmed.ncbi.nlm.nih.gov/19111108/
https://doi.org/10.1016/s0272-5231(05)70330-0
https://doi.org/10.1164/ajrccm.163.2.9906116

