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Review / Derleme

The Dual Faces of Vesicant Agents: From Chemical Weapon to

Chemotherapeutic Agent

Vezikan Ajanlarin iki Yiizii: Kimyasal Silahtan Kemoterapétik Ajanlara

® Ahu PAKDEMIRLI

University of Health Sciences, izmir Faculty of Medicine, Department of Physiology, izmir, Tiirkiye

Cite as: Pakdemirli A. The dual faces of vesicant agents: from chemical weapon to chemotherapeutic agent. 2025;6(3):200-206

ABSTRACT

Vesicant agents, particularly analogs of sulfur mustard (SM) and nitrogen mustard (NM), exhibit a striking
dichotomy between devastating chemical toxicity and therapeutic potential in oncology. The cytotoxic
facet of SM causes rapid cellular damage through bifunctional alkylation, depletion of glutathione and
ATP, and PARP hyperactivation. This process manifests as oncosis or necrosis, acute skin vesiculation,
eye damage, and respiratory tract injuries. Over decades, genotoxicity mediated by persistent DNA
interstrand cross-links, oxidative stress, chronic inflammation, and field cancerization increases the risk
of squamous cell carcinoma of the lung and skin. Epidemiological studies, particularly among Iran-
Irag War gas survivors, have confirmed these long-term cancer risks. Mechanistic studies indicate that
reactive oxygen species-mediated mutagenesis, stem cell niche disruption, and clonal proliferation
play central roles in vesicant-induced carcinogenesis. Paradoxically, these same alkylating mechanisms
fueled the therapeutic development of NMs, formed the basis of modern chemotherapy, and raised
concerns about secondary malignancies and biosafety. Future research should focus on early-detection
biomarkers, PARP and receptor-interacting protein kinase 1 inhibitors that reduce acute toxicity,
and advanced carrier systems that minimize genomic damage while maintaining antitumor efficacy.
The history of vesicants demonstrates how understanding the mechanisms of a toxic chemical can
transform it into a therapeutic tool and guide the evolution of cancer treatment. This review comprised
a comprehensive examination of English- and Turkish-language literature, using PubMed-indexed
keywords, including ‘vesicant agents’, 'SM’, 'NM’, ‘chemotherapy’, and ‘carcinogenesis’.

Keywords: Vesicant agents, sulfur mustard, nitrogen mustard, chemotherapy, carcinogenesis, alkylating
agent, chemical warfarev

oz

Vesikan ajanlar, 6zellikle sulfiir mustard (SM) ve nitrojen mustard (NM) analoglari, yikict kimyasal toksisite
ile onkolojide terapotik potansiyel arasinda carpici bir ikilik sergiler. SM'in sitotoksik yuzd, bifonksiyonel
alkilleme, glutatyon/ATP tukenmesi ve PARP hiperaktivasyonu yoluyla hizli hiicresel hasara yol acar.
Bu slire¢ onkozis/nekroz, akut deri vezikulasyonu, géz hasari ve solunum yolu yaralanmalari ile kendini
gosterir. On yillar icinde, genotoksik yUz, kalici DNA zincirler arasi capraz baglar, oksidatif stres, kronik
inflamasyon ve alan kanserlesmesi yoluyla ortaya ¢ikarak akciger ve deri skuamoz hiicreli kanser riskini
artinir. Ozellikle iran-lrak Savasi gaz magdurlarina yapilan epidemiyolojik calismalar bu uzun vadeli
kanser risklerini dogrulamistir. Mekanistik arastirmalar, reaktif oksijen turleri aracili mutagenez, kok
hicre nisi bozulmasi ve klonal cogalmanin vesikan kaynakli karsinogenezde merkezi rol oynadigini
gostermektedir. Celiskili olarak, ayni alkilleyici mekanizmalar NM’larin terap6tik gelisimini tetiklemis,
modern kemoterapinin temelini olusturmus ve ikincil malignite ile biyoglvenlik kaygilarini ortaya
koymustur. Gelecek arastirmalar erken teshis biyobelirtecleri, PARP ve reseptor etkilesimli protein kinaz 1
inhibitorleri ile akut toksisitenin azaltilmasi ve antitimor etkinligi korurken genomik hasari minimize
eden ileri taslyici sistemler Uzerine odaklanmalidir. Vesikan ajanlarin tarihi, toksik bir kimyasalin
mekanizmalarinin anlasilmasiyla tedavi aracina dontstUrulebilecegini ve kanser tedavisinin evrimini
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nasil yénlendirebilecegini géstermektedir. Bu derleme, PubMed indeksli ‘vezikan ajanlar’, ‘stlfir mustard’, ‘nitrojen mustard’, ‘kemoterapi’ ve
‘karsinogenez’ gibi anahtar kelimelerin taranarak Ingilizce ve Turkge literatlrin incelenmesiyle derlenmistir.

Anahtar Kelimeler: Vesikan ajanlar, stlfur mustard, nitrojen mustard, kemoterapi, karsinogenez, alkilleyici ajan, kimyasal savas

INTRODUCTION

This review examines the dual-use paradigm of vesicant
agents-substances engineered for chemical warfare yet
repurposed as chemotherapeutic tools-focusing on sulfur
mustard (SM) and nitrogen mustard (NM) analogs. By
synthesizing recent evidence, we highlight the molecular,
clinical, and ethical dimensions of this duality, from acute
toxicity to oncogenic risks and oncology applications,
while addressing regulatory and biosecurity implications
in the post-CW Convention era. This review was conducted
through a comprehensive examination of English and
Turkish literature, using PubMed-indexed keywords
including ‘vesicant agents’, ‘sulfur mustard’, ’nitrogen
mustard’, ‘chemotherapy’ and ‘carcinogenesis’.

The story of vesicant agents is a stark narrative of
destruction and discovery. One of the best-known vesicant
agents, SM, was first synthesized in the 19% century;
its debut as a chemical weapon on the battlefields of
Ypres during World War | heralded a new era of warfare,
earning it the grim sobriquet “King of Battle Gases”!?
Its military efficacy lies not in high lethality, but in its
ability to inflict debilitating, resource-intensive injuries
that overwhelm medical systems and erode morale?
However, beyond its notorious history as a vesicant,
SM has emerged as an indispensable tool in molecular
toxicology, offering profound insights into cellular
stress responses, death pathways, and carcinogenesis.”
The central theme of SM's biology is its intrinsic duality.
A single exposure can trigger two divergent pathological
timelines. In the immediate cytotoxic phase, within
hours, SM induces massive cellular injury, leading to
necrotic cell death (oncosis) in highly exposed tissues,
followed by an intense inflammatory response that
characterizes its acute blistering and damaging effects
on the skin, eyes, and respiratory tract® The delayed
genotoxic face: over decades, sublethal DNA damage
can evade repair, leading to genomic instability, clonal
expansion of mutated cells, and a significantly elevated
risk of cancer, particularly in the lungs and skin.®’
Yet this architect of suffering catalyzed three scientific
revolutions:

1. In molecular toxicology: SM revealed that bifunctional
alkylation was the ur-mechanism of genotoxicity, a
finding that predates modern DNA sequencing by 80
years.*

2. Cell death biology: Its dose-dependent activation of
oncosis, apoptosis, necroptosis defined ATP thresholds
for programmed vs. unprogrammed demise.’

3. Oncology: SM's genotoxic legacy [International Agency
for Research on Cancer (IARC) Group 1] provided
the first human model of inflammation-driven field
cancerization.s’

This review synthesizes current knowledge on both fronts.
We will explore the chemistry defining its reactivity,
dissect the cellular pathways it disrupts, and examine
long-term epidemiological data linking exposure to
cancer. Furthermore, we trace the remarkable journey
of its chemical analogs from the battlefield to the clinic,
highlighting how the same destructive principles were
harnessed to create the first chemotherapeutic agents.

The Janus-Faced Timeline: Cytotoxic vs. Oncogenic
Divergence

A single exposure to SM initiates a cascade of complex
pathological events that unfold along two major, yet
interrelated, trajectories: an acute cytotoxic phase and a
delayed genotoxic phase. These two axes represent the
immediate and long-term consequences of SM exposure,
and together they define the compound'’s notorious duality
as both a devastating chemical weapon and a model for
studying chronic toxic injury.

In the acute phase, SM acts as a highly reactive
alkylating agent targeting essential cellular
macromolecules such as DNA, proteins, and low-
molecular-weight antioxidants, including glutathione
(GSH).2 The rapid formation of alkylated adducts triggers
widespread biochemical disruption: DNA strand breaks,
oxidative stress, and enzymatic inhibition converge to
induce cell death via necrosis, apoptosis, or, in some
cases, mixed regulated cell-death pathways. Clinically,
this manifests within hours as erythema and edema at
the exposure site, followed by the formation of large,
painful blisters and ulcerations, which are characteristic of
vesicant injury (Table 1).? The eyes and respiratory tract are
particularly vulnerable and often develop conjunctivitis,
corneal erosions, bronchial inflammation, and necrosis.”®
Systemically, bone marrow suppression can lead to
transient leukocytosis followed by lymphopenia and then
pancytopenia, underscoring the hematopoietic toxicity of
SM. The underlying cellular mechanisms are characterized
by oxidative stress and rapid depletion of cellular

201



Forbes J Med 2025;6(3):200-206

Table 1. A single SM exposure bifurcates into two orthogonal pathological axes
Phase Timeline Dominant mechanism Key lesion Clml.cal . Molecular signature
and pathway manifestation
et e
Acute cytotoxic | 0-72 h > ICLs (4%) + ROS (10x?) | inflammation, HMGBI150x, IL-13110x
death (necrosis/ .
) marrow suppression
apoptosis)
ng{:co)nlecnic/ Persistent DNA damage, Fibrosis, chronic
dela ged 10-40y chronic inflammation, O¢-alkylG (40% mut) lung/skin/eye G:.C—AT (sig. mut)
y - immune dysregulation disease, cancer
genotoxicity
ICL: Interstrand cross-link, ROS: Reactive oxygen specy

energy stores, which together precipitate mitochondrial
dysfunction, tissue necrosis, and a vigorous inflammatory
response that exacerbates tissue damage."

The delayed genotoxic phase emerges long after the acute
symptoms have subsided and represents the insidious,
progressive dimension of SM toxicity. Sublethal doses that
do not cause immediate cell death often leave behind
unrepaired or misrepaired DNA lesions, setting the stage
for persistent genomic instability and mutagenesis.”> Over
time, this molecular damage manifests clinically as chronic
respiratory diseases-including bronchiolitis obliterans and
pulmonary fibrosis-alongside skin atrophy, pigmentary
changes, and ocular complications such as chronic
keratitis and limbal stem cell deficiency. Epidemiological
studies of exposed populations, particularly among Iranian
war veterans, have also revealed a markedly increased
incidence of malignancies, especially squamous cell
carcinoma (SCC) of the skin and various forms of lung
cancer. These chronic pathologies are perpetuated by
ongoing inflammation, immune dysregulation, and the
clonal expansion of mutated cells, which collectively drive
progressive organ dysfunction and carcinogenesis.”

Thus, SM exposure represents a biphasic toxicological
paradigm: a rapidly destructive acute insult followed by
a protracted genotoxic aftermath. Understanding these
intertwined processes not only elucidates the mechanisms
of SM-induced injury butalso provides a broader framework
for studying inflammation-driven carcinogenesis and long-
term sequelae of alkylating agent exposure.'o

Chemical Identity and Biochemical Warfare at the
Molecular Level

SM's potency is a direct consequence of its structure.
As a lipophilic molecule, it readily penetrates cellular
membranes. Its core mechanism involves intramolecular
cyclization to form a highly reactive cyclic ethylene-
sulfonium ion, a powerful electrophile that readily attacks
nucleophilic sites of vital cellular components*®
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Primary Molecular Targets

Among the molecular events triggered by SM, DNA
alkylation and cross-link formation represent the most
critical and damaging mechanisms. SM demonstrates a
strong preference for alkylating the N7 position of guanine
bases within DNA, producing monoadducts that distort the
double helix and interfere with normal base pairing. More
importantly, due to its bifunctional chemical structure, SM
can generate interstrand cross-links (ICLs)-highly lethal
DNA lesions that prevent the separation of complementary
strands duringreplication and transcription, thereby halting
essential cellular processes'®” When the cell attempts
to repair these ICLs through excision or recombination
pathways, the process frequently results in double-strand
breaks (DSBs), which are among the most mutagenic
and clastogenic forms of DNA damage. These DSBs are a
critical initiating factor for genomic instability, laying the
molecular foundation for cytotoxicity and carcinogenesis.”

In addition to its genotoxicity, SM exerts broad inactivation
of proteins and enzymes by alkylating key amino acid
residues, such as cysteine, histidine, and glutamate. This
modification alters the structural integrity and catalytic
function of essential enzymes, many of which are central
to energy metabolism and antioxidant defense. Notably,
inhibition of glucose-6-phosphate dehydrogenase and
other sulfhydryl-dependent enzymes disrupts the hexose
monophosphate shunt, diminishing cellular NADPH levels
and impairing the regeneration of reduced GSH. The
consequent loss of redox homeostasis sensitizes the cell
to oxidative injury and metabolic collapse.”

A pivotal early biochemical hallmark of SM exposure is
the rapid depletion of GSH, the cell’'s primary antioxidant
and detoxifying molecule?® As GSH conjugates with SM
and its reactive intermediates, intracellular GSH stores
are rapidly depleted, undermining the cell’s ability to
neutralize reactive oxygen species (ROS). The resulting
oxidative stress amplifies cellular injury through lipid
peroxidation, oxidation of nucleic acids and proteins, and
further membrane destabilization. This self-propagating
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cycle of oxidative and alkylation damage perpetuates
mitochondrial dysfunction and DNA oxidation, intensifying
both acute cytotoxicity and long-term genotoxic effects.?!

Mechanisms of Acute Toxicity and Cellular Demise

The cellular response to SM is a cascade of metabolic
failure, culminating in a dose-dependent decision between
different modes of cell death.

The Metabolic Crisis

The hyperactivation of the DNA repair enzyme poly (ADP-
ribose) polymerase (PARP) in response to excessive DNA
damage consumes vast amounts of NAD+, leading to
a catastrophic drop in ATP levels?? This energy crisis is
compounded by mitochondrial dysfunction: SM and ROS
induce the mitochondrial permeability transition, which
collapses the proton gradient and halts ATP synthesis.?

The Spectrum of Cell Death

The mode of death-oncosis/necrosis, apoptosis, and
necroptosis- is dictated by the severity of the insult and the
remaining energy reserves (Table 2). In oncosis/necrosis, at
high, militarily relevant doses, rapid ATP depletion prevents
the energy-dependent execution of programmed cell
death. Cells undergo oncosis-characterized by swelling,
organelle disintegration, and plasma membrane rlupttre-
leading to the release of damage-associated molecular
patterns that fuel a robust and damaging inflammatory
response.>?* At lower doses, where some ATP remains,
cells can initiate apoptosis (programmed cell death). This
involves caspase activation, chromatin condensation, and
formation of apoptotic bodies for efficient clearance,
minimizing  inflammation?>  Necroptosis, emerging
evidence indicates SM can also trigger this programmed
form of necrosis, via receptor-interacting protein kinase
(RIPK) activation, further contributing to the inflammatory
pathology.?®

The Oncogenic Face: From DNA Adduct to
Malignancy

The IARC classifies SM as a Group 1 agent, “carcinogenic to
humans”.?’ The journey from exposure to cancer is a multi-

decade process driven by persistent genomic lesions.

Molecular Pathogenesis of Sulfur Mustard-Induced
Carcinogenesis

Mutagenesis: while [ICLs are cytotoxic, misrepaired
monoadducts are mutagenic. The persistence of O6-
alkylguanine adducts can lead to G:C to A:T transition
mutations during DNA replication, a mutational signature
common in carcinogenesis induced by alkylating agents.?®
Genomic instability: error-prone repair of SM-induced
DSBs and the collapse of stalled replication forks at
ICLs lead to chromosomal aberrations, micronuclei
formation, and large-scale genomic rearrangements,
providing a fertile ground for oncogene activation and
tumor-suppressor loss.?? Chronic inflammation and clonal
selection: repeated cycles of tissue damage, ulceration,
and repair in SM-exposed skin and respiratory epithelium
create a pro-tumorigenic microenvironment. The
presence of inflammatory cytokines, growth factors, and
ROS promotes the proliferation and survival of initiated
(mutated) cell clones?®

Site-Specific Cancers: Epidemiological and Clinical
Evidence

Long-term clinical observations of individuals exposed
to SM during the Iran-lrag War have yielded the most
conclusive human data linking this agent to cancer
development. In particular, respiratory malignancies
have emerged as a major delayed outcome of exposure.
Epidemiological analyses have demonstrated that
individuals exposed to SM exhibit a markedly increased
incidence of lung cancer, estimated to be more than twice
that observed in unexposed populations, with the risk rising
proportionally with the extent and duration of exposure?'
Histopathological evaluations of these cases frequently
identify SCC and adenocarcinoma as the predominant
tumor types, typically occurring in a background of chronic
airway injury characterized by bronchitis, bronchiolitis
obliterans, and pulmonary fibrosis—conditions that create
a pro-carcinogenic microenvironment conducive to
malignant transformation.3

Table 2. Key cell death pathways induced by sulfur mustard
Pathway Characteristics Energy (ATP) Inflammatory outcome | Primary SM dose
dependent?
Oncosis/necrosis Cellular swelling, membrane rupture, No Highly inflammator High
release of intracellular contents ghty Y g
. Cell shrmka.\ge, ”“deaf Anti-inflammatory / Low to moderate
Apoptosis fragmentation, formation of Yes )
. : tolerogenic
apoptotic bodies
) Regulated necrosis, RIPK1/RIPK3/ . . Moderate to high
Necroptosis MLKL pathway activation No Highly inflammatory
SM: Sulfur mustard, RIPKI: Receptor-interacting protein kinase 1, MLKL: Mixed lineage kinase domain-like pseudokinase
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Similarly, cutaneous malignancies represent another
critical long-term complication among SM survivors.
Persistent or recurrent skin lesions at sites of previous
vesication have been recognized as pre-neoplastic foci
that may progress to SCC or, less commonly, basal cell
carcinoma. A systematic review of affected populations
revealed that the risk of developing such skin cancers
is substantially elevated compared with that in non-
exposed individuals?® The underlying mechanisms appear
to involve a combination of field cancerization, resulting
from widespread alkylation-induced DNA damage across
large skin areas, and chronic inflammation associated with
repeated cycles of ulceration and wound healing. Together,
these processes create an environment that favors clonal
expansion of mutated keratinocytes and the gradual
emergence of malignant lesions.

The Therapeutic Legacy: From Mustard Gas to
Chemotherapy

Paradoxically, the study of SM's systemic effects led
to a medical revolution. The observation of profound
leukopenia and lymphoid atrophy in victims of the 1943
Bari harbor incident prompted pharmacologists Louis
S. Goodman and Alfred Gilman to investigate NMs as
potential treatments for lymphoproliferative cancers3

Nitrogen Mustards as Chemotherapeutic Agents

NMs, such as mechlorethamine, cyclophosphamide,
and melphalan, share SM’s core mechanism of action:
forming DNA ICLs that are fatal to rapidly dividing cells.
Their development marked the birth of modern cancer
chemotherapy (Table 3).3

The Enduring Paradox in Therapy

The use of NM chemotherapy mirrors the dual nature of SM.
While they are curative for many cancers, they are potent
human carcinogens. Patients treated with alkylating agents
have a markedly increased risk of developing secondary
myeloid neoplasms and other cancers, often with a
characteristic latency of 5-10 years3¢ This underscores the
fundamental principle that the very mechanism that kills
cancer cells-genomic disruption-can also initiate it, a risk
that must be carefully managed in clinical practice.

CONCLUSION

Vesicantagents occupy a distinctive place in toxicology and
oncology, embodying a dual nature that is simultaneously
destructive and instructive. Haber's seminal 1986 analysis
first articulated how these agents push the limits of cellular
resilience, producing rapid energy collapse, overwhelming
oxidative stress, and necrotic inflammatory cascades.
These early mechanistic insights became the foundation
for the conceptual framework that Szinicz further refined
nearly two decades later, in 2005-namely, the continuity
between acute cytotoxicity and delayed oncogenic
outcomes following vesicant exposure.

The biphasic biological trajectory was originally delineated
by the biochemical and histopathological studies of
Papirmeister and colleagues, who documented the early
acute phase characterized by bifunctional alkylation,
depletion of GSH and ATP, PARP hyperactivation, and
oncosis/necrosis. This acute phase manifests in severe
dermal, ocular, and respiratory tissue injury. Subsequent
mechanistic advances, especially those contributed
by Kehe and Smith, clarified that unrepaired DNA ICLs
and a persistently inflamed tissue microenvironment
shape the delayed genotoxic phase—culminating in field
cancerization, clonal selection, and a documented 2- to
8-fold elevation in SCC of the skin and lung in previously
exposed populations.

More recent studies have converged on ROS-driven
mutagenesis and stem-cell niche disruption as central
molecular drivers of vesicant-induced carcinogenesis.
The same alkylation chemistry responsible for
battlefield injuries also forms the basis of therapeutic
repurposing: as Szinicz highlighted, NMs served as the
prototype for modern anticancer chemotherapy. Yet
this scientific transformation—from chemical weapon
to chemotherapeutic tool—raises continuing ethical
and biosecurity concerns, including risks of secondary
malignancies, especially in communities with historical
exposure.

Future research priorities include the development of
sensitive early-detection biomarkers for long-term cancer
surveillance, targeted pharmacologic strategies such as
PARP and RIPKI inhibitors to mitigate acute tissue injury,
and the design of safer alkylating chemotherapeutics. In

Table 3. Nitrogen mustards as chemotherapeutic agents

Agent Structure ICL Formation FDA approval Cancers
Mechlorethamine HN, analog 2-5%/10° bp 1949 Lymphoma
Cyclophosphamide Cyclic prodrug 1-3%/10° bp 1959 Breast, Ovarian
Melphalan Phe analog 3-6%/10° bp 1964 Myeloma

ICL: Interstrand cross-links, FDA: Food and Drug Administration
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particular, next-generation antibody—-drug conjugates offer
promise in preserving antitumor potency while minimizing
off-target genomic toxicity.

Ultimately, the story of SM represents both a cautionary
lesson and an example of scientific redemption.
Understanding the mechanisms of a devastating vesicant
has become a foundation for therapeutic advances,
illustrating how the biology of a poison can guide the
development of modern cancer therapies.
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ABSTRACT

Obijective: Gastric cancer remains an important health problem. Although the classical staging system is
the tumor, node, metastasis (TNM) system, stage migration phenomenon may occur depending on the
number of lymph nodes removed. Therefore, although there are opinions that lymph node metastasis
rate can be used as an alternative to TNM, a clear cut-off value has not been determined. In our studly,
we aimed to evaluate the survival in TNM staging according to the metastatic lymph node rate.

Methods: Patients operated for gastric adenocarcinoma between 2015 and 2022 were evaluated
retrospectively. Patients were divided into quartiles according to the metastatic lymph node rate. Mean
survival times were compared between the two groups according to TNM stages and metastatic lymph
node rate.

Results: One hundred ninety-nine patients were included in the study. When survival was evaluated, it
was observed that survival decreased with increasing disease stage and metastatic lymph node ratio.
All patients with stage 1 and 2 were in the 1*t quartile (25%) according to metastatic lymph node ratio.
In the evaluation of stage 3 patients, it was seen that survival decreased as the metastatic lymph node
ratio increased.

Conclusion: Our study revealed that metastatic lymph node ratio of 25% and above is an important
parameter in predicting prognosis. Especially in stage 3 patients, metastatic lymph node ratio was
shown to be a valuable parameter in predicting survival.

Keywords: Gastric adenocarcinoma, metastatic lymh node ratio, prognosis
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Amag: Mide kanseri onemli bir saglik sorunu olmaya devam etmektedir. Klasik evreleme sistemi
tumor, node, metastasis (TNM) sistemi olmasina ragmen, ¢ikarilan lenf nodu sayisina bagli olarak evre
kaymasi fenomeni ortaya cikabilmektedir. Bu nedenle lenf nodu metastaz oraninin TNM'ye alternatif
olarak kullanilabilecegi yontunde gortsler olmasina ragmen net bir kesme degeri belirlenmemistir.
Calismamizda metastatik lenf nodu oranina goére, evreler icerisinde sagkalimi degerlendirmeyi
amagladik.

Yéntem: 2015-2022 yillari arasinda mide adenokarsinomu nedeniyle opere edilen hastalar retrospektif
olarak degerlendirildi. Hastalar metastatik lenf nodu oranina gore ceyreklere ayrildi. iki grup arasinda
ortalama sag kalim sureleri TNM evrelerine ve metastatik lenf nodu oranina goére karsilastirildi.
Bulgular: Calismaya 199 hasta dahil edildi. Sagkalim degerlendirildiginde hastalik evresi ve metastatik
lenf nodu orani arttikga sagkalimin azaldigi gérildi. Evre 1 ve 2 olan tiim hastalar metastatik lenf nodu
oranina gore 1. ceyrekte (%25) yer aldi. Evre 3 hastalarin degerlendirilmesinde metastatik lenf nodu orani
arttikca sag kalimin azaldig gérulda.
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Sonug: Calismamiz %25 ve Gizeri metastatik lenf nodu oraninin prognozu tahmin etmede dnemli bir parametre oldugunu ortaya koydu. Ozellikle
evre 3 hastalarda metastatik lenf nodu oraninin sag kalimi tahmin etmede degerli bir parametre oldugu gosterildi.

Anahtar Kelimeler: Mide kanseri, metastatik lenf nodu orani, prognoz

INTRODUCTION

Gastric cancer continues to be a major health problem
worldwide. According to GLOBOCAN data, gastric cancer
is the fifth most common malignancy and the third most
common cause of cancer-related death.! Curative surgical
resection is the mainstay of gastric cancer management.
Many factors affect survival after surgery, including
tumor type, invasion of the gastric wall, and lymph node
metastases.?

Evaluation of prognostic factors is critical for disease
management. Classical staging is based on tumor, node,
metastasis (TNM) staging. TNM staging evaluates the
infiltration of the tumor in the stomach wall, the number
of pathological lymph nodes, and the presence of distant
metastasis. Although the 8™ edition of the American Joint
Committee on Cancer (AJCC) is superior to the 7t edition, it
has some limitations2 At least 16 lymph nodes are required
for effective staging. Lymph node metastasis is associated
with poor prognosis.*

More extensive lymph node dissection inJapan compared
to more limited lymph node dissection in Western
countries may lead to differences in the staging of patients.
In this situation, known as “stage migration phenomenon”,
the survival times of patients may vary depending on the
stage. The stage migration phenomenon occurs in 10-
25% of cases, and is one of the major limitations of TNM
staging3-

To overcome this limitation of TNM staging, the use of
metastatic lymph node ratio, or logarithmic metastatic
lymph node ratio, has been proposed. The presence of
metastatic lymph nodes is one of the most important
prognostic parameters for predicting recurrence and
survival. Although there are studies suggesting that
metastatic lymph node ratio is superior to classical
TNM staging, a common cut-off value has not been
determined.®? There is still a need for studies showing the
prognostic value of metastatic lymph node ratio in the
literature. The aim of our study was to evaluate the survival
times within stages according to the metastatic lymph
node ratio.

METHODS

Patient Selection Criteria

Between 2015 and 2022, patients operated with a
prediagnosis of gastric cancer were retrospectively
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evaluated. Patients with non-adenocarcinoma pathology,
neoadjuvant systemic therapy, perioperative peritoneal
or liver metastasis, preoperative distant metastasis, and
fewer than 16 lymph nodes in the pathology examination
were excluded. Patients over 18 years old with pathological
results of gastric adenocarcinoma and 16 or more lymph
nodes were included in the study. Preoperative distant
metastasis assessment was performed by whole-body
computed tomography or fluorodeoxyglucose positron
emission tomography scan.

Metastatic Lymph Node Ratio

Metastatic lymph node ratio was defined as the ratio of
metastatic lymph nodes to the total number of resected
lymph nodes.

Metastatic lymph node ratio: (humber of metastatic lymph
nodes/total number of resected lymph nodes).

According to the metastatic lymph node ratio, patients
were divided into four groups: 0-24% (first quartile), 25-
49% (second quartile), 50-74% (third quartile), and 75-100%
(fourth quartile).

Tumor, Node, Metastasis Staging

TNM staging of the patients was performed according
to the AJCC 8™ edition. Patients were grouped as stage
1, stage 2, and stage 3.

Statistical Analysis

Retrospectively obtained data were analyzed using the
Statistical Package for Social Sciences (SPSS, Version 26.0.
Armonk, NY: IBM Corp.). Demographic data were analyzed
by descriptive statistical methods. Patients were grouped
according to their stage and metastatic lymph node ratio.
Survival of both groups was compared. Survival analysis
was evaluated using the Kaplan-Meier test. Cox regression
analysis was used to evaluate the factors affecting survival.
Survival analysis was conducted using stage 3 patients
who were defined as locally advanced according to the
metastatic lymph node ratio using the same statistical
methods.

Ethical Statement and Informed Consent

This study was approved by the Ege University Medical
Research Ethics Committee (decision number: 23-10T/33,
date: 05.10.2023) and written informed consent was
obtained from all participants.



RESULTS

A total of 199 patients [77 females (38.7%) and 122 males
(61.3%)] were included in the study. The mean age of the
patients was 65.81 (¥10.72) years. One hundred thirty-four
patients (67.3%) underwent total gastrectomy, 34 (17.1%)
distal gastrectomy, and 31 (15.6%) proximal gastrectomy.
The mean number of total resected lymph nodes was 27.04
(¥10.57), and the mean number of metastatic lymph nodes
was 7.72 (£9.47). Pathologic features are shown in Table 1.

During the follow-up period, 19 patients (9.5%) developed
local recurrence, while 51 patients (25.6%) developed
distant organ metastasis. One hundred patients (50.3%)
died during follow-up. The mean disease-free survival was
31.93+24.19 months, while overall survival was 55.29+24 .30
months. The evaluation of the patients according to the
(AJCC) 8" edition and metastatic lymph node ratio is
shown in Tables 2 and 3.

When evaluated, it was observed that the survival time
shortened with the advancement of the disease stage
and the metastatic lymph node rate. According to AJCC,
all patients in stages 1 and 2, were in the first quartile for
metastatic lymph node ratio. When stage 3 patients were
evaluated individually, it was seen that survival decreased

Table 1. Pathological features

UC et al. Metastatic Lymph Node Ratio Gastric Adenocarcinoma

as the metastatic lymph node ratio increased (p: 0.001). (p:
0.001). Survival times according to stages and metastatic
lymph node ratios are shown in Tables 4 and 5, with stage 3
patients’ survival times according to metastatic lymph node
ratio in Table 6. When the factors affecting survival were
evaluated, it was observed that distant organ metastasis
was associated with survival (p<0.001).

DISCUSSION

Lymph node dissection in gastric cancer surgery reduces
the risk of local recurrence and provides more accurate
staging. Determining the patient's stage is an important
step in individualized treatment planning. The metastatic
lymph node ratio can be used to predict survival and
recurrence, and to determine the treatment protocol’

There are studies advocating the superiority of metastatic
lymph node ratio over the classical TNM classification.
Hou et al.® showed that the metastatic lymph node ratio
can be used as a prognostic marker even if fewer than 15
lymph nodes are removed. Deng et al'® also compared
the metastatic lymph node ratio with TNM staging and
showed that the metastatic lymph node ratio was an
effective factor in survival and significantly associated with
recurrence. Similarly, in a study conducted in Italy involving
463 patients, metastatic lymph node ratio was shown to be

Invasion Number of %
patients (n) | Table 3. Quartiles according to metastatic lymph node
Lymphovascular invasion 108 543 ratio
Perineural invasion 125 62.8 Metastatic lymph node ratio Number of %
- quarters patients °
Venous invasion 58 29.1
1t quartile (0-24%) 110 553
Subtype
2nd quartile (25-49%) 41 20.6
Poorly cohesive 47 23.6 -
3 quartile (50-74%) 29 14.6
Tubuler 49 24.6
- 4t quartile (75-100%) 19 95
Mixed 38 19.1
Poorly differentiated >3 266 Table 4. Mean survival time according to AJCC staging
Mucinous 7 35 (p<0.001)
Signet cell 5 2.5 . Mean survival o
Staging (month) Std. Error | 95% CI
Table 2. Staging according to AJCC 8t edition Min. Max.
AJCC staging Number of patients | % 1A 843 3.60 /723 9136
1B 7434 7.20 6022 | 88.45
1A 20 9.9
2A 70.64 724 56.45 84.83
1B 18 9.1
2B 58.06 838 41.63 74.48
2A 22 1.1
B 2 m 3A 58.59 6.86 4513 72.04
A 27 135 3B 39.50 7.56 24.68 5433
3B 27 135 3C 3314 3.79 25.71 40.58
3C 63 38 Mean 55.29 3.79 49.46 61.13
] ] ] AJCC: American Joint Committee on Cancer, Cl: Confidence interval,
AJCC: American Joint Committee on Cancer Min.: Minimum, Max.: Maximum
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a better prognostic marker than standard staging" Ergencg
et al? also found that metastatic lymph node ratio was
more sensitive in predicting survival, especially in stage
3 disease. Our study supports these studies. Metastatic
lymph node ratio was found to be an effective parameterin
predicting survival. When stage 3 patients were evaluated
by stage, it was observed that survival decreased as the
metastatic lymph node ratio increased. Metastatic lymph
node ratio can be used as a valuable parameter, especially
in the subgroup analysis of stage 3 patients. Gulmez et al.?
obtained similar results to our study; they showed that
metastatic lymph node ratio was superior to TNM staging
for overall survival in stage 3 disease, and discussed that it
should be included in the treatment algorithm.

It may not always be possible to remove at least 16 lymph
nodes required for TNM staging. In this case, the proportion
of metastatic lymph nodes can be used as a predictor.®® In
the study of the Spanish group, a metastatic lymph node
was found to be a prognostic factor, and compared to
other studies, a metastatic lymph node rate of more than
25% was shown to be an important parameter, especially
in cases where less than 16 lymph nodes were removed.®

The metastatic lymph node rate is not accurate in all
cases. For example, if two lymph nodes are metastatic in
patients with four lymph nodes dissected, the patients

may fall into a lymph node metastasis rate group of 50%,
which may cause patients to receive more treatment
than necessary. In patients with inadequate lymph node
dissection, the metastatic lymph node rate can also
yield inaccurate results. Although the Italian study group
proposed a logarithmic lymph node ratio to solve this
problem, the same limitation applies to this method? In
contrast to these studies, we believe that at least 16 lymph
nodes should be examined in the evaluation of metastatic
lymph node ratio, as in TNM staging, and for this reason,
patients with less than 16 lymph nodes were excluded in
our study. In patients with less than 16 lymph nodes, the
minimum number of lymph nodes should be clarified in
future studies so that the metastatic lymph node ratio can
be accepted as a prognostic factor. Extensive lymph node
dissection during surgery is necessary for accurate staging
and to reduce local recurrence’

In patients who have undergone adequate surgical
resection, the metastatic lymph node ratio will be useful in
the choice of treatment; however, there is no consensus in
the literature regarding its threshold values. Various studies
have used different thresholds. In our study, the threshold
value that increased mortality was 25%. Marchet et al.®
used NO (0%), N1(1%-9%), N2 (10%-25%), N3 (>25%). Persiani
et al™ and Zhao et al!’®, NO (0%), N1 (1%-15%), N2 (16%-

Table 5. Mean survival time according to metastatic lymph node ratio (p<0.001)
Metastatic lymph node ratio Mean survival Std. Error 95% CI
(month)
Min. Max.
1t quartile (0-24%) 72.26 3.95 64.50 80.01
2nd quartile (25-49%) 44.82 5.62 33.79 55.85
3 quartile (50-74%) 33.74 5.70 22.56 4493
4% quartile (75-100%) 22.66 478 13.28 32.03
Mean 55.29 2.97 49.46 61.13
Cl: Confidence interval, Min.: Minimum, Max.: Maximum
Table 6. Stage 3 patients’ mean survival time according to metastatic lymph node ratio
Stage reant;t;rvwal Std. Error 95% ClI
mon p value
Min. Max.

Ist quartile (0-24%) 57.96 7.54 43.19 72.75

2nd quartile (25-49%) 4482 5.63 33.79 55.86
3

3 quartile (50-74%) 3375 5.71 22.56 44.93 0.001

4" quartile (75-100%) 22.66 478 13.28 32.03
Total 41,52 333 34.98 48.06
Cl: Confidence interval, Min.: Minimum, Max.: Maximum
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40%), N3 (>40%). Zhang et al'® used NO (0%), N1 (1%-25%),
N2 (26%-50%), N3 (>50%), similar to our study. Pedrazzani
et al.” used 25% percentiles similarly. In all of the studies,
the prognosis worsens as the metastatic lymph node ratio
increases. Indeed, no clear threshold value has been found
in the literature, and further studies on this subject are still
needed. In our study, a metastatic lymph node rate of 25%
was associated with an aggressive prognosis. We advocate
that 25% should be accepted as the threshold value when
evaluating metastatic lymph node rate.

Study Limitations

Adjuvant treatment protocols were not evaluated in our
study. This is one of the limitations of the study, however,
since we evaluated survival in the same patient group,
adjuvant treatments of the patients do not affect the results
of the study. Hwang etal.®argued that the metastatic lymph
node ratio can be used to determine the chemotherapy
protocol. In their study, they suggested that the prognosis
of patients with a metastatic lymph node ratio of 10% or
more was worse, especially in the stage 3 patient group,
and that platinum-based chemotherapy protocols should
be given to those patients who also had lymphovascular
invasion. In stage 3 disease, the metastatic lymph node
ratio may guide the selection of the chemotherapy
protocol by evaluating it together with other risk factors;
however, further studies on this subject are needed.

In our study, patients with neoadjuvant systemic treatment
were also excluded. Indeed, metastatic lymph node ratio
continues to be an important prognostic parameter after
neoadjuvant systemic therapy. In the study by Jiang et al.”?,
the 3-year survival of patients with a metastatic lymph
node ratio of 30% or less after neoadjuvant chemotherapy
was 81.9%, while the 3-year survival of patients with a
metastatic lymph node ratio of more than 30% decreased
to 18.5%. The metastatic lymph node ratio was also found
to be effective in predicting disease-free survival.

The retrospective design is one of the main limitations;
however, this limitation is offset by the fact that it was
conducted on a large group of patients. An important
factor that increases the reliability of our study is that the
data were obtained from hospital records in a complete
and objective manner.

CONCLUSION

In patients with adequate lymph node dissection, a
metastatic lymph node rate above 25% is an important
prognostic factor. When additional evaluation is performed
in stage 3 patients, especially, themetastatic lymph node
ratio can be used to determine the treatment protocol.

UC et al. Metastatic Lymph Node Ratio Gastric Adenocarcinoma
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Toplum Koékenli Pnémonili Cocuklarda Yogun Bakim
Gereksinimini Ongdrmede Hemogram Tiirevli Enflamatuvar

Indekslerin Tanisal Degeri

Diagnostic Value of Hemogram-Derived Inflammatory Indices in
Predicting Intensive Care Requirement in Children with Community-

Acquired Pneumonia

® Leyla SERO, ® Muhammet ASENA

Saglik Bilimleri Universitesi, Gazi Yasargil Egitim ve Arastirma Hastanesi, Pediatri Klinigi, Diyarbakir, Turkiye

Atif: Sero L, Asene M. Diagnostic value of hemogram-derived inflammatory indices in predicting intensive care requirement in

children with community-acquired pneumonia. Forbes J Med. 2025;6(3):213-220

oz
Amag: Bu calisma, pediatrik toplum kdkenli pndmonide (TKP) nétrofil lenfosit orani (NLR), platelet

lenfosit orani (PLR) ve sistemik immun enflamasyon indeksinin (SIl) yogun bakim gereksinimini
ongdrmedeki tanisal degerini arastirmayr amaclamaktadir.

Yontem: Bu retrospektif calismada, pediatrik TKP tanisi almis hastalarin demografik verileri, klinik
bulgulari ve laboratuvar sonuglari degerlendirildi. TKP'li hastalar; pediatri servisinde (Crup 1) ve pediatrik
yogun bakim Unitesinde (Grup 2) takip ve tedavi edilenler olmak Uzere iki gruba ayrildi. Hemogram
parametrelerinden hesaplanan NLR, PLR, SII, yatistaki kan gazi (pH, serum laktat duzeyi), C-reaktif protein
ve prokalsitonin (PCT) analiz edildi. Bulgular, hastaligin siddetini tahmin etmedeki 6ngérdiriculugi
acisindan degerlendirildi.

Bulgular: Toplam 116 hasta ¢alismaya dahil edildi. Bunlarin 56's1 (%48,3) Grup 1'de, 60" (%51,7) Grup 2'de
yer aldi. Grup 2'deki hastalarda NLR (p=0,039), PLR (p=0,039) ve SlI (p=0,026) degerleri anlamli diizeyde
yuksek bulundu. Alici isletim karakteristigi analizinde NLR igin egri altinda kalan alan (AUC): 0,718; SlI
icin AUC: 0,705 ve PLR icin AUC: 0,684 olarak hesaplandi. NLR, kan pH', serum laktat ve PCT'nin yogun
bakim gereksinimini édngérmede bagimsiz belirtecler olarak saptandi. Hipoksi, komorbid hastaliklar,
anormal vital bulgular ve ylksek enflamasyon indeksleri, yogun bakim yatisini 5ngérmede diger anlamli
risk faktorleri olarak gozlendi.

Sonug: NLR, PLR ve Sll, cocukluk ¢agl TKP'sinde hastalik siddetini degerlendirmede ve yogun bakim
ihtiyacini 6ngdérmede dustk maliyetli, hizli karar vermede yardimci arag olarak kullanilabilir ve klinik
karar strecini destekleyebilir.

Anahtar Kelimeler: Toplum kokenli pnémoni, cocuk, nétrofil lenfosit orani (NLR), platelet lenfosit orani
(PLR), sistemik enflamatuvar indeks (Sl1)

ABSTRACT

Objective: This study aimed to investigate the diagnostic value of the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation index (Sl) in predicting
intensive care unit (ICU) requirements in pediatric community-acquired pneumonia (CAP).

Methods: In this retrospective study, demographic data, clinical findings, and laboratory results of
pediatric patients diagnosed with CAP were evaluated. Patients were divided into two groups: those
treated in the pediatric ward (Group 1) and those managed in the pediatric ICU (PICU) (Group 2). NLR,
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PLR, and Sl calculated from hemogram parameters, as well as arterial blood gas values (pH, serum lactate), C-reactive protein, and procalcitonin
(PCT), were analyzed. Their predictive roles in determining disease severity were assessed.

Results: A total of 116 patients were included, of whom 56 (48.3%) were in Group 1 and 60 (51.7%) in Group 2. NLR (p=0.039), PLR (p=0.039), and
SIl (p=0.026) levels were significantly higher in Group 2. Receiver operating characteristic analysis revealed area under the curve values of 0.718
for NLR, 0.705 for SlI, and 0.684 for PLR. NLR, blood pH, serum lactate, and PCT were identified as independent predictors of ICU admission.
Hypoxia, comorbid conditions, abnormal vital signs, and elevated inflammatory indices were additional significant risk factors associated with

PICU admission.

Conclusion: NLR, PLR, and SII may serve as inexpensive and readily available markers to assess disease severity and predict intensive care needs
in pediatric CAP. These indices can support rapid clinical decision-making and facilitate risk stratification in practice.

Keywords: Community-acquired pneumonia, pediatric, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic

immune-inflammatory index (Sl1)

GIRiS

Toplum koékenli pnémoni (TKP), enfeksiyon etkeninin
hastane disi kosullarda edinildigi ve akciger parankimini
tutan akut bir enfeksiyon tablosudur. Cogu cocuk tamamen
iyilesse de bazi olgularda akcigerde lokal veya sistemik
komplikasyonlar gelisebilir’ Ozellikle yaygin pulmoner
lezyonlarin varligl, hipoksemi, sistemik komplikasyonlar
ve agir klinik bulgularla seyreden “ciddi pndmoni”,
karmasik bir enfeksiyon tablosu olarak kabul edilir2

Ciddi pnémoni, ¢ocukluk ¢aginda dnemli bir mortalite
nedenidir3 Cocukluk doneminde yas grubuna bagli olarak
ciddi pnémoni gelismesi acisindan farkli duyarliliklar
s6z konusudur. Bagisiklik sistemi hentz gelismekte
olan bebekler ve klguk cocuklar, hava yollarinin daha
dar olmasi nedeniyle bu duruma daha yatkindir3*
Klinik kotllesme, beslenme glicligl veya dehidratasyon,
biling degisikligi, belirgin takipne, santral siyanoz, solunum
sikintisi, birden fazla akciger lobunun veya tek bir akcigerin
Ucte ikisinin tutulumuyla birlikte gérulen plevral eflizyon,
oksijen satUrasyonunun %92'nin altina dismesi ya da
herhangi bir ekstrapulmoner komplikasyon ciddi hastalik
belirtileridir.>¢

TKP erken tanisi ve 6zellikle yogun bakim tnitesi (YBU)
ihtiyacinin  éngorulebilmesi, mortaliteyi azaltmak ve
sekelsiz iyilesmeyi desteklemek agisindan kritik éneme
sahiptir. Tani genellikle hastanin 6ykusu, fizik muayene
bulgulari ve gb6gus radyografisi ile konur. Etkenin
belirlenmesinde ise mikrobiyolojik, serolojik ve molekuler
yontemler kullanilmaktadir. Akut faz reaktanlar olarak
degerlendirilen beyaz kan hucresi (WBC), mutlak nétrofil
sayisi, C-reaktif protein (CRP) ve prokalsitonin (PCT),
enflamasyon ve enfeksiyonun siddetini degerlendirmek
icinsiklikla kullanilan parametrelerdir. Ancak bu belirtegler,
her zaman tani koymada yeterli veya zamaninda bilgi
saglamayabilir’® Ayrica, bu parametrelerin pndémoniye
6zgul olmamasi, daha spesifik ve duyarli biyobelirteglerin
arastirilmasini gerekli kilmistir?

Ozellikle sistemik immiin enflamasyon indeksi (Sll),
notrofil, lenfosit ve trombosit sayilarini entegre ederek
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sistemik enflamasyon dizeyini ve immUn yanit dengesini
yansitan yeni nesil bir parametredir.

Guncel calismalar, rutin tam kan sayimi parametrelerinden
elde edilen enflamatuvar oranlarin; ozellikle noétrofil-
lenfosit orani (NLR), trombosit-lenfosit orani (PLR) ve SlI
gibi gostergelerin; kanser, koroner arter hastaligi, sepsis
ve 2019 koronaviris hastalig (COVID-19) enfeksiyonu gibi
cesitli sistemik enflamatuvar hastaliklarin tani ve prognoz
streclerinde anlamli katki sagladigini gostermektedir.®'?
Bu indeksler arasinda 6zellikle NLR, PLR ve Sl sistemik
enflamasyon dlizeyini ve immun yanitin dengesini yansitan,
ekonomik, hizli ve hesaplamasi kolay parametreler olarak
one ¢ikmaktadir.

Bu calismaninamaci, pnémonitanisialmis cocuk hastalarda
hemogram parametrelerinden hesaplanan enflamatuvar
indekslerin yogun bakim ihtiyacini 6ngérmedeki tanisal
degerini belirlemektir.

YONTEM

Bu retrospektif calismaya, 1 Ocak 2024-1 Ocak 2025
tarihleri arasinda Gciinct dizey bir pediatrik YBU (PYBU)
ile pediatri servislerine TKP tanisiyla kabul edilen, 3 ay ile 18
yas arasindaki cocuk hastalar dahil edildi. Veriler, hastane
bilgi ydnetim sisteminden geriye dénuk olarak elde edildi.
Bronkopulmoner displazi, serebral palsi, néromuskuler
hastaliklar, kistik fibrozis gibi kronik akciger hastaliklar
bulunan, majér konjenital anomalisi olan veya eksik
veriye sahip hastalar calisma disi birakildi. Bu hastalar,
altta yatan kronik akciger hastaliklari ve sistemik etkiler
nedeniyle yUksek dizeyde bazal enflamatuvar aktivite
sergileyebileceginden, sistemik enflamatuvar indekslerin
yogun bakim yatis endikasyonunu 6ngérmedeki
o6zgulluguni  ve  glvenilirligini  anlamli bicimde
dusurebileceginden calisma disi birakildi.

Pnémonitanisi; ateg, solunum ssistemiile iliskili semptomlar
ve fizik muayene bulgular ile birlikte ve/veya akciger
grafisinde parankim tutulumunun gdsterilmesiyle konuldu.
Hastalar iki gruba ayrildi: pediatri servisinde takip edilenler
(Grup 1) ve PYBU'de izlenenler (Grup 2). Kaydedilen klinik ve
demografik veriler arasinda basvuru &zellikleri, tekrarlayan



yatis Oykusl, dogumla ilgili bilgiler (dustik dogum agirligi,
prematurite, dogum sekli), asilanma ve beslenme durumu,
hipotansiyon, siyanoz, solunum guclugu siddeti, akciger
grafisi bulgulari ve hastanede yatis stresi yer aldi.

Laboratuvaranalizleriasagidaki parametreleriicermekteydi:
- Kan gazi: pH, laktat (mmol/L)

-Tam kan sayimi WBC (103/mm3), nétrofil (103/mm3),
lenfosit (103/mm3), trombosit (103/mm?3)

- Biyokimya: CRP (mg/dL), PCT (ng/mL)

Her hasta icin asagidaki sistemik enflamasyon indeksleri
hesaplandi?

* NLR: Notrofil/Lenfosit
 PLR: Trombosit/Lenfosit
- SIl: (Trombosit x Nétrofil)/Lenfosit)

Elde edilen bulgular, gruplar arasinda demografik veriler,
klinik ozellikler ve enflamatuvar indeksler agisindan
karsilastirildi.

Bu calisma icin, Saglik Bilimleri Universitesi, Gazi Yasargil
Egitim ve Arastirma Hastanesi, Klinik Arastirmalar
Etik Kurulu'ndan onay alinmistir (karar numarasi: 369,
tarih: 28.02.2025). Arastirma, Helsinki Deklarasyonu'na
uygun olarak gergeklestirilmis ve tim katilimcilardan
bilgilendirilmis onam alinmistir.

istatistiksel Analiz

Tum istatistiksel analizler IBM SPSS Statistics for Windows,
Version 22.0 (IBM Corp., Armonk, NY, ABD) yazilimi
kullanilarak gergeklestirildi. Surekli degiskenler, dagilim
Ozelliklerine gbére ortalama * standart sapma veya
medyan (ceyreklik aralik) olarak sunuldu. Degiskenlerin
normal dagilima uyumu Kolmogorov-Smirnov testi ile
degerlendirildi. Kategorik degiskenler frekans (n) ve ylzde
(%) ile ifade edildi. Kategorik degiskenler, uygun oldugunda
ki-kare testi veya Fisher kesin testi ile karsilastirildi. Normal
dagilim gosteren surekli degiskenler icin Student's t testi,
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normal dagilmayan strekli degiskenler icin Mann-Whitney
U testi kullanildi. Lojistik regresyon analizinde olasilik orani
(OR) ve %95 guven araliklari (GA) hesaplandi.

Hematolojik parametreler ve enflamatuvar indeksler
icin tanisal dogrulugu belirlemek amaciyla alici isletim
karakteristigi (ROC) egrisi analizleri yapildi ve egri altinda
kalan alan (AUC) degerleri hesaplandi. AUC degerleri O,5-
0,6 arasinda ise zayif, 0,6-0,7 arasinda ise orta, 0,7-0,8 ve
Uzeri ise gucll ayrim glicline sahip olarak degerlendirildi.
En iyi kesim noktasi, youden indeksi kullanilarak belirlendi.

TUm analizlerde iki yonlt p<0,05 degeri istatistiksel olarak
anlamli kabul edildi.

BULGULAR

Calismaya TKPtanisi konulan116 pediatrik hasta dahil edildi.
Hastalarin 56'si (%48,3) serviste, 60"t (%51,7) ise PYBU'de
takip edilmistir. Grup 1'de hastalarin yaslari medyan 6 ay
(1-86 ay), Grup 2'de ise 8 ay (1-82 ay) olup; her iki grupta da
yaslar benzerdi (p=0,530). Hastalarin demografik ve klinik
ozellikleri Tablo 1'de 6zetlenmistir.

Calismaya dahil edilen hastalarin 94’0 (%81,0) bir yas alty,
57'si (%49,1) ise alti ay alti bebeklerden olusmaktaydi.
Gruplar arasinda cinsiyet dagilimi, prematurite oykusu,
dogum sekli, emzirme durumu ve asilanma oranlar
acisindan istatistiksel fark yoktu (p>0,050).

Grup 2'de, klinik bulgulardan siyanoz (%30; Crup 1'de %9;
p=0,040) ve hipotansiyon (%21,7; Grup 1'de %9,0; p=0,049)
daha sik gérulmustir. Ayrica, Grup 2'de hastanede kalis
stresi medyan 6,5 glin (2-54 glin) iken, Grup 1'de bu stre 5
glin (2-8 glin) olarak saptanmistir (p<0,010) (Tablo 2).

YBU yatirilan hastalarin altisinda (%10,0) mortalite gelismis,
diger altisi (%10,0) ise evde solunum destegi gereksinimi
devam ederek sekel ile taburcu edilmistir. Mortalite
gelisen hastalarin ikisi ve evde cihaz destegi ile taburcu
edilen hastalarin biri alti aydan kuguk bebeklerdi. Grup
2'de, basvuru sirasinda 65 hasta (%56,0), solunum sikintisi
nedeniyle yUksek akimli nazal kandl ile izlenmistir.

Tablo 1. Gruplarin demografik ve klinik 6zelliklerinin karsilastirilmasi
Grup 1(n=56) Grup 2 (n=60) [

Yas (ay)* 6 (1-86) 8(1-82) 0,530
Cinsiyet, erkek, n (%) 29 (51,7) 33 (55,0) 0,850
Dustk dogum agirligi, n (%) 2(3,6) 8(13,3) 0,056
Prematuirite, n (%) 18 (32,0) 16 (26,7) 0,560
Dogum sekli, C/S, n (%) 27 (48,2) 26 (65,0) 0,709
Anne sutd alma orani, n (%) 51(91,0) 54 (91,0) 1,000
Asi dykus, tam, n (%) 51(91,0) 53(90,0) 0,760
Hastanede yatis éykusu, n (%) 12 (21,4) 15(25,0) 0,820
*Medyan (minimum-maksimum), C/S: Sezaryen dogum
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Laboratuvar bulgular incelendiginde, Grup 2'de arteriyel
pH dlzeylerianlamliolarak daha dustkti (7,24+0,12'ye karsi
7,38%0,05; p<0,010). Laktat duzeyi anlamli sekilde daha
yuksekti (3,4%1,6 mmol/L’ye karsi 1,9£0,7 mmol/L; p<0,010).
PCT duzeyleri de Grup 2'de belirgin olarak yuksekti (9,8%3,6
ng/mLl’ye karsi 0,7+0,15 ng/mlL; p=0,019). Ancak CRP
duzeyleri arasinda anlamli fark bulunmamistir (p=0,330).
Her iki grupta da CRP duzeyleri yuksek saptanmis olmakla
birlikte, gruplar arasi fark istatistiksel olarak anlamli degildi
(46%7,0'e karsi 33t4,4 mg/dL; p=0,330) (Tablo 3).

Enflamatuvar indeks analizine gére, NLR (p=0,039), PLR
(p=0,039) ve Sl (p=0,026) degerleri yogun bakim grubunda
anlamli olarak daha ylksek bulunmustur (Tablo 4). ROC
analizi sonuglar sirasiyla; NLR igcin AUC=0,718 (%95 GA:
0,324-0,532), Sll icin AUC=0,705 (%95 GA: 0,351-0,562), PLR
icin AUC=0,684 (%95 GA: 0,317-0,527) olarak saptanmistir.
Kesme degerleri; NLRicin 2,7 (duyarlilik %74, dzgullik %74),
Sllicin 1.006 (duyarlilik %76, dzgulluk %74) ve PLR icin 123
(duyarlilik %75, 6zgulluk %60) olarak belirlenmistir (Tablo
5, Sekil 1),

Dahil edilen degiskenler arasinda hipotansiyon, siyanoz,
arteriyel pH, laktat, PCT, NLR, PLR ve SlI yer almistir. Analiz
sonucunda, arteriyel pH (OR:5,3; %95 CA:2,2-12,9; p<0,001),
laktat (OR: 3,7; %95 GA: 1,692-4,212; p=0,001), PCT (OR:
4,1; %95 GA: 0,916-1,668; p=0,002) ve NLR (OR: 2,5; %95
GA: 1,017-1,461; p=0,031) bagimsiz risk faktorleri olarak
belirlenmistir. Buna karsin, hipotansiyon, siyanoz, PLR ve Sl
acisindan istatistiksel olarak anlamli fark saptanmamistir
(Tablo 4, Sekil 1).

Etiyolojik  degerlendirmede; 45 hastada  (%38,8)
Haemophilus influenzae, 27 hastada (%23,2) Streptococcus
pneumoniae, 11 hastada (%9,5) Respiratuvar Sinsityal Virls
(RSV), 8 hastada (%6,9) Rinovirtis, 7 hastada (%6,0) influenza
A, 4 hastada (%3,4) Adenovirtis, 3 hastada (%2,6) Bocavirtis
ve 1 hastada (%0,8) /nfluenzo B saptanmistir. Ayrica, 26
hastada (%22,4) hem viral hem de bakteriyel etkenlerin
birlikte bulundugu miks enfeksiyonlar gézlenmistir.

Sekel ile seyreden hastalarda etken olarak Haemophilus
influenzae, Adenoviriis ve influenza A tespit edilmistir.
Eksitus olan hastalarda ise etkenler Haemophilus

PYBU kabuliinin bagimsiz éngoériicilerini belirlemek influenzae ve  Streptococcus pneumoniae olarak
amaciyla cok degiskenli lojistik regresyon analizi yapilmistir. belirlenmistir.
Tablo 2. Gruplarin klinik 6zelliklerinin karsilastirilmasi
Grup 1(n=56) Grup 2 (n=60) P
Hipotansiyon, n (%) 5(9,0) 13 (21,7) 0,049
Siyanoz, n (%) 5(9,0) 18 (30,0) 0,040
Atelektazi, n (%) 0 1(1,7) 0,740
Plevral efuizyon, n (%) 0 2(3,3) 0,260
Hastanede yatis slresi, gin* 5(2-8) 6,5 (2-54) <0,010
*Medyan (minimum-maksimum)
Tablo 3. Gruplarin laboratuvar 6zelliklerinin karsilastirilmasi
Grup 1(n=56) Grup 2 (n=60) P
WBC (103/mm3)* 13,6174 13,7%6,6 0,960
Nétrofil sayisi (103/mm3)* 72%4,2 7,6%3,9 0,640
Lenfosit sayisi (103/mm3)* 5,3%3,5 £4,913,0 0,490
Trombosit sayisi (103/mm?3)* 419%145 426%192 0,830
pH* 7,38+0,05 7,24%0,12 <0,010
Laktat (mmol/L)* 1,9£0,70 3,4%1,60 <0,010
CRP (mg/dL)* 33+4,40 46%7,00 0,330
Prokalsitonin (ng/mL)* 0,7£0,15 9,8%3,60 0,019

*Ortalama * standart sapma.
WBC: Beyaz kan huicresi, CRP: C-reaktif protein
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Tablo 4. Gruplarin enflamasyon belirtegleri acisindan karsilastirilmasi

Grup 1(n=56) Grup 2 (n=60) [
NLR* 1,8+0,25 2,8%0,40 0,039
PLR* 99118 138%25 0,039
SII* 684,6%81,5 1091,6+157,5 0,026

*Ortalama * standart sapma.

NLR: Notrofil/lenfosit orani, PLR: Trombosit/lenfosit orani, SlI: Sistemik enflamasyon indeksi [(Trombosit x Notrofil)/Lenfosit]

Tablo 5. Gruplarin ROC analizi kesme degerleri, sensitivite ve spesifiteleri

E“f!amat“"a’ AUC Kesme degeri Sensitivite (%) Spesifisite (%)
elirtecler

Sl 0,705 1006,5 76 74

NLR 0,718 2,7 74 74

PLR 0,683 123 75 60

NLR: Notrofil/lenfosit orani, PLR: Trombosit/lenfosit orani, SlI: Sistemik enflamasyon indeksi [(Trombosit x Nétrofil)/Lenfosit]

ROC Egrisi

Duyarhhk

Egrinin kaynaklan

NLR
—PLR
—Si

Sekil 1. SII, NLR ve PLR indekslerinin ROC analizi

NLR: Nétrofil/lenfosit orani, PLR: Trombosit/lenfosit orani, Sll: Sistemik enflamasyon indeksi [(Trombosit x Nétrofil) / Lenfosit],

ROC: Alici isletim karakteristigi

TARTISMA

Bu calismada, TKP tanisiyla hastaneye yatirilan ¢cocuklarin
klinik ve laboratuvar 6zellikleri incelenmis ve PYBU
kabullin 6ngérduriculeri olarak enflamatuvar belirteglerin
roline odaklanilmistir. Bulgularimiz, NLR, PLR ve SlII
gibi enflamatuvar indekslerin risk siniflandirmasinda
kullanilabilirliginivurgulayan giincel literatr ile uyumludur.

TKP, bes yas alti cocuklarda halen dnemli bir morbidite ve
mortalite nedenidir. Hastalik, genellikle hafif-orta siddette
baslayip, yogun bakimda takip ve tedavi gerektiren ciddi
bir klinik tabloya ddénusebilmektedir.®*Bu nedenle, erken
risk siniflandirmasi ve yuUksek riskli olgularin zamaninda
tanimlanmasi buytk 6nem tasimaktadir.

Hematolojik parametreler, pediatrik pndmonide en
stk basvurulan enflamasyon belirtegleri arasindadir.
Literatliirde bu parametrelerin hastalik siddeti ve yogun
bakim gereksinimi ile iliskili oldugu cok sayida calisma ile

gosterilmistir’>2 ilging bir sekilde, CRP gibi geleneksel akut
faz reaktanlarinin artmasina ragmen, CRP dizeylerinin
yogun bakim ve servis gruplari arasinda anlaml bir fark
gbstermedigi saptanmistir. Bu durum, CRP’'nin tek basina
hastalik siddetini belirlemede yeterince spesifik olmadigini
ortaya koymaktadir. Son dénem calismalarda CRP'nin diger
enflamatuvar belirteglerle birlikte degerlendirilmesinin
klinik 6ngdru glicinu artirdigl ve biyobelirteg panellerinin
énemini vurguladigl belirtilmistir.’>2

Yakin tarihli calismalarda; WBC, notrofil, lenfosit sayilar
ile birlikte NLR, PLR ve Sl degerlerinin yogun bakim
ihtiyaci olan hastalarda anlamli dtizeyde ytksek oldugu, bu
belirteclerin PCT ve CRP ile pozitif; kritik hasta skorlari ile
negatif korelasyon gosterdigi bildirilmistir.>1922

Wang ve arknin® yaptig calismada, 6zellikle NLR'nin
pndédmoni hastalarinda hastalik siddeti, yogun bakim
yatisi, intrakraniyal komplikasyonlar ve kétlu prognoz ile
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iliskili oldugu ortaya konmustur. Elmeazawy ve ark.'nin”
prospektif calismasinda ise nekrotizan pndémoni geciren
cocuklarda NLR, PLR, SII ve sistemik enflamatuvar yanit
indeksi (SIRI) anlamli sekilde yuksek bulunmus ve SII + SIRI
+ D-dimer kombinasyonunun ROC analizinde ylUksek ayirt
edicilik gosterdigi belirtilmistir.

Bizim calismamizda da PYBU'de takip edilen cocuklarda
NLR, PLR ve SIl degerlerinin anlamli olarak yUksek oldugu
ve bu bulgularin literatirle tutarli oldugu goérulmustir.
Benzer sekilde, monosit-lenfosit orani ve SIRI'nin
cocuklarda Mycoplasma pneumoniae enfeksiyonu icin
risk belirteci oldugu, Sll degeri 2699,00 olan c¢ocuklarin
siddetli Mikoplazma pnémonisi gelistirme olasiliginin daha
yuksek oldugu ve SlI'nin hastalik siddetini ayirt etmede
faydali bir belirteg olabilecegi bildirilmistir.242>

COVID-19 hastalarinda yapilan calismalarda da hastalik
siddeti arttikga NLR, PLR ve SlI seviyelerinde belirgin
yUkselme oldugu, yogun bakim gereksinimi olan olgularda
bu parametrelerin anlamli dlzeyde yuksek oldugu
bildirilmistir.26-* Parainfluenza iliskili viral pnémonilerde
ise NLR, PLR ve turetilmis NLR [d-NLR; nétrofil/(WBC-
noétrofil)] oranlarinin yogun bakim ihtiyaci ile iliskili olarak
ylksek bulundugu bildirilmistir3°

Bununla birlikte, PCT ve CRP gibi biyobelirtecler de
yogun bakim ihtiyacini 6ngdérmede yuksek prognostik
degere sahiptir. Literatlrde, PCT'nin ozellikle bakteriyel
enfeksiyonlarda CRP’ye kiyasla daha yuksek dogruluk
sagladigl ve Mikoplazma pndmonilerinde her iki belirtecin
de hastalik siddetiyle korele oldugu goésterilmistir.”2425
RSV pndmonili ¢ocuklarda yapilan calismalarda ise PCT
dizeyinin bakteriyel koenfeksiyon ve hastalik siddeti ile
anlamli korelasyon gosterdigi belirtilmistir3 Calismamizda
da PCT dlzeylerinin yogun bakim grubunda anlamli sekilde
yUksek oldugu, CRP dizeylerinin ise gruplar arasinda fark
gbstermedigi tespit edilmistir. Bu bulgu, CRP'nin hastalik
siddetini 6ngdérmede tek basina sinirli degere sahip
oldugunu goéstermekte ve mevcut literatir ile uyumlu
bulunmustur.1>1°32-34

Verilerimiz, genel servislerde takip edilenlere kiyasla
PYBU'de izlenen cocuklarda anlamli sekilde daha disiik
kan pH'i ve daha yUksek serum laktat dizeyleri oldugunu
gostermektedir. Bu durum, kritik hastalarda daha belirgin
metabolik bozukluk ve doku hipoksisini yansitmaktadir.26-2
Bulgularimiz, artmis serum laktat seviyesinin pnémonide
kot prognozun glvenilir bir gostergesi oldugunu
belirten literatlr ile értismektedir3>3 Ayni sekilde, PCT
duzeylerindeki artis da ciddi sistemik enfeksiyon ve
sepsisin varligini desteklemektedir.

Calismamizda PYBU grubunda siyanoz ve hipotansiyon
daha sik gortlmus olsa da bu bulgular cok degiskenli
analizde bagimsiz 6ngdrici olarak anlamli bulunmamistir.
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Bu durum, klinik belirtilerin yogun bakim ihtiyacini
ongdérmede tek basina yeterli olmadigini gdstermektedir.

Bu calismanin bazi sinirliliklari mevcuttur. Oncelikle
calismanin retrospektif tasarimli ve tek merkezli olmasi,
verilerin genellenebilirligini sinirlamaktadir. ROC analizi
ile NLR, PLR ve SII icin cut-off degerleri belirlenmis
olmakla birlikte, bu esik degerler farkli merkezlerde ve
populasyonlarda degiskenlik gbsterebilir. Bu nedenle, klinik
uygulamada kesin referans araliklari henlz netlesmemistir.
Pnémoni etkenleri arasinda bakteriyel ve viral patojenlerin
yani sira miks enfeksiyonlarin da goérilmesi, enflamatuvar
indekslerin yorumunu gulgclestirmis ve bu belirteglerin
ozgulluglnt  azaltmis olabilir.  Ayrica, c¢alismamizda
yalnizca hemogram tirevi belirtecler (NLR, PLR, SllI)
degerlendirilmis; ferritin, interldkin-6, D-dimer gibi diger
enflamatuvar biyobelirtecler veya klinik skor sistemleri
(6rnegin; PRISM, PIM) ile karsilastirma yapilmamistir. Bu
da elde edilen parametrelerin prognostik degerinin daha
kapsamli degerlendirilmesini sinirlandirmistir.

SONUC

Sonug olarak, bu galisma TKP'li ¢cocuklarda yogun bakim
ihtiyacinin erken 6ngortlmesinde, pratik ve kolay erisilebilir
parametreler olan NLR, PLR ve SII gibi enflamatuvar
indekslerin; kan pH, serum laktat ve PCT duzeyleri
ile birlikte degerlendirilmesinin faydali olabilecegini
ortaya koymustur. Bu belirteclerin klinik protokollere
entegre edilmesi, ciddi olgularin hizli tanimlanmasini
kolaylastirabilir ve hasta sonuclarini iyilestirebilir.

Ancak bu parametrelerin yaygin ve guvenilir klinik
kullanimi icin, prospektif, cok merkezli ve yapay zeka
destekli modeller ile klinik risk skor sistemlerine entegre
edilmis ileri diizey ¢alismalara ihtiyag vardir.
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Medial Patellofemoral Ligament Reconstruction with and
without Tibial Tubercle Osteotomy in Patellofemoral Instability
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Patellofemoral instabilite Cerrahisinde Tibial Tiiberkiil
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Rekonstriiksiyonu: Klinik Sonuclar
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ABSTRACT

Objective: The aim of this study was to evaluate the clinical outcomes of medial patellofemoral
ligament (MPFL) reconstruction with and without tibial tubercle osteotomy (TTO) in patellofemoral
instability surgery.

Methods: Between January 2020 and January 2025, 23 patients who underwent surgery for recurrent
patellar dislocation due to patellofemoral instability, were retrospectively evaluated. Seventeen patients
over 18 years of age, without any additional injuries, who had not undergone any surgery other than
MPFL reconstruction = TTO, with at least 12 months of follow-up, were included in the study. Twelve
patients underwent MPFL reconstruction (Group 1), while five patients underwent MPFL reconstruction
combined with TTO (Group 2). Demographic data of the patients were recorded. Clinical outcomes were
assessed using Kujala, Lysholm, and IKDC 2000 scores, as well as visual analog scale (VAS).

Results: Of the patients included in the study, 11 were female (65%) and 6 were male (35%), with a
median age of 22 years (18-39 years), body mass index of 25.3 (18.2-32.5), and follow-up duration of 32
months (15-150 months). Comparison of preoperative and postoperative clinical scores demonstrated
significant improvement in Kujala, Lysholm, and IKDC 2000 scores in both groups (p<0.001), along with
a significant decrease in VAS scores (p<0.001).

Conclusion: MPFL reconstruction with or without TTO provides satisfactory outcomes in patellofemoral
instability surgery. This reconstructive procedure may be considered an effective treatment option for
recurrent patellar dislocation and can be combined with TTO in appropriate cases.

Keywords: Medial patellofemoral ligament, reconstruction, tibial tubercle osteotomy, patellar instability

6z
Amag: Bu calismanin amaci; patellafemoral instabilite nedeniyle tibial tlberkil osteotomisi (TTO) ile

birlikte veya osteotomisiz medial patellofemoral ligament (MPFL) rekonstriiksiyonu yapilan hastalarin
klinik sonuclarini degerlendirmektir.

Yéntem: Ocak 2020 ile Ocak 2025 yillari arasinda patellafemoral instabiliteye bagli tekrarlayan patella
cikigi nedeniyle ameliyat edilen 23 hasta retrospektif olarak incelendi. En az 12 aylik takibi olan, 18 yas Ustu,
ek yaralanmasi olmayan ve MPFL rekonstriksiyonu + TTO harici bir cerrahi uygulanmamis olan 17 hasta
calismaya dahil edildi. On iki hastaya MPFL rekonstriiksiyonu (Grup 1), 5 hastaya MPFL rekonstriiksiyonu
ile birlikte TTO (Grup 2) uygulanmisti. Hastalarin demografik verileri kayit altina alindi. Klinik sonuglar
Kujala, Lysholm ve IKDC 2000 skorlari ile gorsel analog skala (VAS) kullanilarak degerlendirildi.
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Bulgular: Calismaya dahil edilen hastalarin; 11'i kadin (%65), 6's1 erkek (%35), median yas 22 yil (aralik;18-39 yil), viicut kitle indeksi 25,3 (aralik;18,2-32,5),
ve takip slresi 32 aydi (aralik;15-150 ay). Hastalarin ameliyat éncesi ve sonrasi klinik skorlari karsilastirildiginda her iki grubun da Kujala, Lysholm ve
IKDC 2000 skorlarinda anlamli yikselme/iyilesme (p<0,001), VAS skorlarinda ise anlamli dusme/duzelme izlendi (p<0,001).

Sonug: Patellafemoral instabilite cerrahisinde MPFL rekonstriksiyonu = TTO tatminkar sonuglara sahiptir. Bu rekonstriiksiyon cerrahisi tekrarlayan
patellar ¢ikik olgularinda etkin bir tedavi secenegi olarak degerlendirilebilir ve uygun olgularda TTO ile kombine edilebilir.

Anahtar Kelimeler: Medial patellofemoral ligament, rekonstriksiyon, tibial tiberkil osteotomisi, patellar instabilite

INTRODUCTION

Recurrent patellar dislocation secondary to patellofemoral
instability is common and is associated with medial
patellofemoral ligament (MPFL) injury in approximately
90% of cases.! The MPFL is the primary restraint preventing
lateral displacement of the patella between 0° and
30° of knee flexion; it is compromised in nearly 90% of
dislocations.? Patients with recurrent patellar dislocation
frequently present with underlying pathoanatomical
abnormalities that predispose them to patellofemoral
instability3* These abnormalities include lower extremity
malalignment syndromes such as trochlear dysplasia and
tibial external rotation, as well as osseous anomalies such
as patella alta.>” Most patients harbor more than one of
these pathoanatomical risk factors.®® The recurrence rate
following a primary dislocation ranges from 17% to 69%.!

Given its multifactorial etiology, the management of
recurrent patellar dislocation due to patellofemoral
instability can be challenging. In recent years, there has
been a growing interest in MPFL reconstruction for the
surgicaltreatmentofrecurrent patellardislocation.?Indeed,
MPFL reconstruction has increasingly become the surgical
technique of first choice for many surgeons’ However,
in certain cases, concomitant osseous malalignment
may render isolated MPFL reconstruction insufficient. In
such patients, additional corrective procedures may be
required.®" Among these, tibial tubercle osteotomy (TTO)
is the most commonly performed.”®

The aim of this study is to evaluate the clinical outcomes of
patients undergoing MPFL reconstruction with and without
concomitant TTO for recurrent patellar dislocation.

METHODS

This retrospective study was approved by the izmir Katip
Celebi University Health Research Institutional Review
Board (decision no: 0037, date: 16.01.2025). Due to its
retrospective design, informed consent from patients and
healthcare providers was not required.

Patient Inclusion

Between January 2020 and January 2025, 23 patients
who underwent surgery for recurrent patellar dislocation
were retrospectively analyzed. Exclusion criteria were:
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having undergone other surgical procedures such as
isolated medial plication, being under 18 years of age,
having a follow-up period of less than 12 months, having
concomitant injuries in the ipsilateral lower extremity, or
undergoing additional surgical interventions including
trochleoplasty, anterior cruciate ligament reconstruction,
or meniscus repair. Seventeen patients who did not meet
these criteria were included in the study. Twelve patients
underwent isolated MPFL reconstruction, while five
patients underwent MPFL reconstruction combined with
TTO.

Evaluation of Patients

Clinical outcomes were assessed using the Kujala
score, Lysholm score, visual analog scale (VAS), and the
International Knee Documentation Committee Subjective
Knee Form (IKDC 2000).

The IKDC 2000 score is a patient-reported outcome
measure that evaluates knee-related symptoms, daily
activities, and sports function. As it reflects patients’ own
experiences, it is considered a reliable and valid tool for
both clinical studies and follow-up. Scores range from O to
100, with higher scores indicating better knee function.”?

The Kujalascoreisa patient-based questionnaire developed
to assess patellofemoral disorders and anterior knee pain.
It includes parameters related to pain, function, walking,
stair climbing, and kneeling. The total score ranges from O
to 100, with higher scores reflecting better knee function.®

The Lysholm score is a questionnaire used to evaluate
clinical outcomes after knee surgery. It comprises eight
parameters, including pain, instability, locking, swelling,
stair climbing, and daily activities. The total score ranges
from O to 100, with higher scores indicating better knee
function and patient satisfaction.

The VAS score is used to assess patients’ pain levels. For
this purpose, a 10-cm VAS ruler was employed, with the
left end marked as “no pain” (0 cm) and the right end
marked as “very severe pain” (10 cm). Patients were asked
to indicate the point on the ruler that best represented
their pain intensity.

In patients who underwent TTO, bone union was evaluated
using plain radiographs.
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Surgical Technique and Follow-up Protocol

All procedures were initiated with routine arthroscopic
examination. In patients with arthroscopically confirmed
lateral patellar tightness (9/17), lateral release was performed
using radiofrequency ablation. MPFL reconstruction was
performed with a free autologous gracilis tendon graft.
After graft harvesting, a 2-cmm medial mini-incision was
made over the patella, and two sockets with a depth of 1
cm were created using a 3.2-mm drill bit. The position of
the sockets was verified under fluoroscopy (Figure 1a). The
graft was pulled into the sockets and fixed with two 3.5-
mm non-absorbable suture anchors. Subsequently, a 2-cm
medial incision was made over the medial epicondyle, and a
guide wire was advanced under fluoroscopic guidance from
the isometric point near the medial femoral epicondyle,
as described in previous studies (Figure 1b).” If the tibial
tubercle-trochlear groove (TT-TG) distance exceeded 20
mm, tibial tubercle anteromedialization was performed as
described by Fulkerso' (Figure 2a). For TTO, a paramedial skin
incision was made to expose the patellar tendon and tibial
tubercle. Vertical and longitudinal step-cut osteotomies
were performed, blending into the anterior cortex of the
tibia. The bone block was then corrected depending on the
required distal transfer and medialized according to the TT-
TG distance. Finally, the tubercle was fixed with two or three
4.0-mm cancellous screws (Figure 2b).

In patients who underwent isolated MPFL reconstruction,
weight-bearing as tolerated was allowed with the knee
immobilized at 60° of flexion for the first 3 weeks. After 3
weeks, flexion restriction was removed and strengthening
exercises were initiated. In patients who underwent TTO,
no weight-bearing was permitted and flexion was limited
to 60° for the first 4 weeks. After 4 weeks, partial weight-
bearing and mobilization were initiated, and strengthening
exercises were started with unrestricted flexion.

Figure 1. a) Fluoroscopic control of the patellar suture
anchor placement using a K-wire. b) Gracilis tendon
fixation with two suture anchors (blue arrows) and a guide
wire (yellow arrow) for isometric femoral epicondyle
fixation of the tendon
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Figure 2. a) Medial and anterior transfer of the tibial
tubercle after osteotomy (green arrow) and fixation with
guide wires. b) Radiographic image of the tibial tubercle
osteotomy line in the second postoperative year

Statistical Analysis

Data analysis was performed using IBM SPSS version
26. The suitability of continuous variables to a normal
distribution was tested with the Shapiro-Wilk test. As
the data were non-normally distributed, non-parametric
tests were used. The Mann-Whitney U test was employed
for comparisons between independent groups, while
the Wilcoxon signed-rank test was applied for repeated
measurements. Distribution of categorical variables was
analyzed using Pearson’s chi-squared test or Fisher's exact
test. A type | error margin of a=0.05 was set, and all tests
were performed two-tailed.

RESULTS

The median age of the 17 patients included in the study
was 22 years (range: 18-39 years), with a median follow-up
period of 32 months (range: 15-150 months). The median
body mass index was 25.3 (range: 18.2-32.5). Eleven patients
(65%) were female, and six (35%) were male. Nine patients
(53%) underwent arthroscopic lateral release (Table 1).

When preoperative and postoperative clinical scores of
all patients were evaluated, a significant improvement was
observed (Table 2). The median Kujala score improved from
56 (range: 48-64) preoperatively to 84 (range: 78-90) at the
final follow-up (p<0.001). Similarly, the median IKDC 2000
score increased from 66 (range: 50-78) to 86 (range: 82-
92), showing a significant difference (p<0.001). The median
Lysholm score improved from 50 (range: 48-60) to 90
(range: 80-96), which was statistically significant (p<0.001).
The median VAS score decreased significantly from 6
(range, 4-8) preoperatively to O (range, O-4) postoperatively
(p<0.001) (Table 2).

When comparing patients (n=12, Group 1) who underwent
isolated MPFL reconstruction with those (n=5, Group 2) who
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underwent MPFL reconstruction combined with TTO, both
groups demonstrated improvement in knee scores, but no
statistically significant difference was detected between
the groups (p>0.05). Similarly, VAS scores improved in both
groups, with no significant intergroup difference (p>0.05)
(Table 2).

All patients who underwent TTO achieved bone union,
with a median bone union time of 12 weeks (range: 8-16

weeks). One patient developed screw head irritation,
which required hardware removal at 30 weeks, after
confirmed bone union. Another patient experienced
recurrent dislocation and underwent revision MPFL
reconstruction with a palmaris longus tendon autograft at
12 months postoperatively. No cases of infection, wound
complications, deep vein thrombosis, or osteotomy union

problems were observed.

Table 1. Demographic and clinical data of patients

Total (n=17) Group 1(n=12) Group 2 (n=5) P
Age (year), Med. (min; max) 22 (16;39) 21.5(16;39) 23 (22;24) 0.489Y
BMI Med. (min;max) 25.3(18.2;32.5) 23.65(18.2;32.5) 27.3(23.7;31.7) 0.065Y
Follow-up (mounth), Med. (min; max) 32 (15;150) 43 (15;150) 24 (15;32) 0.020v
Sex, n (%)
Female 11 (65%) 8 (67%) 3(60%) 1.000*
Male 6 (35%) 4 (33%) 2 (40%)
Side, n (%)
Right 8 (47%) 4 (33%) 4 (80%) 0.131¥
Left 9 (53%) 8 (67%) 1(20%)
Lateral release, n (%)
Yes 9 (53%) 4 (33%) 5(100%) 0.029*¥
No 8 (47%) 8 (67%) 0 (0%)
¥ Fisher's exact test, Y: Mann-Whitney U test, Med: Median, Min: Minumum, Max: Maximum, BMI: Body mass index
Table 2. Comparison of clinical scores of patients
Total (n=17) Group 1(n=12) Group 2 (n=5) v
Med. (min;max) Med. (min;max) Med. (min;max) P
Preop 56 (48;64) 56 (48;64) 52 (50;62) 0.133
Kujala Postop 84 (78;90) 82 (78;90) 86 (78;88) 0.789
“Med. (min;max) 26 (16;40) 26 (16;40) 32(26;36) 0.118
p* <0.001 0.002 0.041
Preop 50 (48;60) 54 (48;60) 50 (50;52) 0.162
Postop 90 (80;96) 90 (80;96) 90 (86;96) 0.872
Lysholm
AMed. (min;max) 38 (20;46) 38 (20;46) 40 (36;46) 0.425
p* <0.001 0.002 0.041
Preop 66 (50;78) 64 (50;72) 66 (56;78) 0.672
Postop 86 (82;92) 86 (82;92) 86 (84;90) 0.788
IKDC 2000
*Med. (min;max) 22 (12;36) 23 (12;36) 22 (12;30) 0.491
pY <0.001 0.002 0.043
Preop 6 (4;8) 6 (4;8) 4 (4;8) 0.360
VAS Postop 0 (0;4) 1(0;4) 0(0;2) 0.634
‘*Med. (min;max) -4 (-6;-2) -5(-6;-2) -4 (-6;-4) 0.562
p* <0.001 0.002 0.034

form

Y:Mann-Whitney U test, ¥: Wilcoxon signed ranks test, & The amount of postoperative change in score value, Med: Median, Min: Minumum, Max:
Maximum, Preop: Preoperative, Postop: Postoperative, VAS: Visual analog scale, IKDC: International knee documentation committee subjective knee

224




ONDER et al. Patellofemoral Ligament Reconstruction in Patellofemoral Instability

DISCUSSION

In this study, satisfactory outcomes were obtained
in patients who underwent MPFL reconstruction
due to recurrent patellar dislocation associated with
patellofemoral instability. Clinical scores significantly
improved during the postoperative period, and no
statistically significant differences were observed between
patients who underwent isolated MPFL reconstruction
and those who underwent MPFL reconstruction combined
with TTO. Significant improvements were observed in all
patients’ postoperative Kujala, IKDC 2000, and Lysholm
scores, while VAS pain scores showed a notable decrease.
These results suggest that this technique is effective in
enhancing patellofemoral stability and improving patients’
functional capacity.

Systematic reviews and meta-analyses specifically
addressing this topic indicate that whether MPFL
reconstruction is performed alone or in combination
with TTO, functional outcomes are generally favorable,
and recurrent instability/dislocation rates are low in both
techniques.”’® Su et al.® reported that although recurrent
instability rates were similar in patients undergoing MPFL
reconstruction with, and without TTO, the mean Kujala
score was slightly higher in the isolated MPFL group. In our
study, clinical scores were similar in both groups; however,
one patient in the MPFL reconstruction with TTO group
required revision surgery due to recurrent dislocation. We
attribute this to the higher baseline instability in patients
undergoing TTO and the increased complexity of the
surgical procedure, which may pose challenges during
postoperative rehabilitation. Patients undergoing TTO
have an increased TT-TG distance, indicating advanced
and more complex instability. Moreover, the addition
of TTO renders the surgical procedure more complex,
and considerations such as waiting for bone union after
osteotomy further complicate postoperative follow-up
and rehabilitation. Consequently, these patients may
be at a higher risk for recurrent dislocation during the
postoperative period. Therefore, both the surgeon and the
patient must exercise considerable patience and maintain
strict control throughout the follow-up and rehabilitation
process to achieve a successful and satisfactory outcome.

When reviewing the relevant literature, some studies have
reported that patients undergoing MPFL reconstruction
with TTO may experience slightly higher rates of surgical
complications, particularly related to TTO, such as joint
stiffness, implant irritation, and the need for reoperation.”
In our study, no patient experienced infection, wound
dehiscence, deep vein thrombosis, or osteotomy union
problems. However, one patient in the TTO group required
implant removal due to screw head irritation. We attribute
this to the thin skin and subcutaneous fat over the anterior

tibial surface. This weakness is particularly pronounced
in lean male patients, making the screw heads easily
palpable postoperatively. Therefore, patients of this type
should be explicitly warned that they may experience
discomfort from implant irritation during activities such as
kneeling, which could necessitate a secondary procedure
(implant removal). Such complications can lead to patient
dissatisfaction. In these cases, the surgeon may also
consider the use of headless screws as an alternative. To
achieve a successful outcome, the surgeon must select
an appropriate surgical technique and manage the
postoperative process in a controlled manner, maintaining
open communication with the patient and proactively
addressing potential risks such as screw head irritation.

Study Limitations

This study has some limitations. The most significant of
these are its retrospective design and the relatively small
sample size. Another limitation is that the study was not
conducted on a homogeneous cohort, and there was no
control group. However, despite these limitations, the
follow-up period ranging from 15 to 150 months allows for
preliminary insights into the mid- to long-term outcomes
and this could be considered a major strength of the study.
In the future, prospective randomized studies on larger,
homogeneous patient groups will provide more concrete
data.

CONCLUSION
Both isolated MPFL reconstruction and MPFL
reconstruction combined with TTO are effective

techniques in the surgical management of recurrent
patellofemoral dislocation and instability. Satisfactory
clinical and functional outcomes can be achieved with
either approach. However, it should be noted that isolated
MPFL reconstruction may not always be sufficient without
patient-specific patoanatomical evaluation. Therefore,
preoperative assessment of bony morphological
abnormalities and, when appropriate, combining soft
tissue procedures with osteotomy is a critical component
of a comprehensive surgical strategy.
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ABSTRACT

Objective: Polycystic ovary syndrome (PCOS) is a common endocrine disorder characterized by chronic
anovulation and hyperandrogenism. In adolescents, the diagnosis is challenging because of overlap with
physiological pubertal changes. Anti-Mullerian hormone (AMH) and insulin-like peptide 3 (INSL3) are
proposed biomarkers in adults, but their utility in adolescence is unclear. This study investigated serum
AMH and INSL3 levels in adolescents with PCOS and healthy controls and assessed associations with
ultrasonographic and biochemical features.

Methods: This cross-sectional study included 50 adolescents with PCOS (diagnosed according to the
Rotterdam criteria) and 25 healthy controls. Anthropometric measurements, hormonal/biochemical
assays, and transabdominal ultrasonography were performed. Correlations between biomarkers,
biochemical hyperandrogenism, and ovarian morphology were evaluated. Receiver operating
characteristic (ROC) analysis was performed to evaluate the diagnostic performance of AMH.

Results: Adolescents with PCOS had significantly higher serum AMH levels than controls (11.1£5.4
vs. 3.8%1.8 ng/mL; p<0.001), whereas INSL3 levels were similar (p=0.806). AMH correlated positively
with total testosterone, androstenedione, free androgen index, Ferriman-Gallwey score, luteinizing
hormone/follicle-stimulating hormone ratio, ovarian volume, and antral follicle count, and negatively
with sex hormone-binding globulin. In the PCOS group, AMH also correlated with INSL3 (r=0.35,
p=0.012), particularly in the overweight/obese subgroups. ROC analysis identified an AMH cut-off value
of 5.05 ng/mL, with 94% sensitivity and 80% specificity (area under the curve: 0.938, 95% confidence
interval: 0.88-0.99).

Conclusion: Serum AMH is significantly elevated in adolescents with PCOS and strongly correlates
with clinical and biochemical hyperandrogenism and with ovarian morphology, suggesting its role
as a supportive but not a standalone diagnostic biomarker. Unlike in adult PCOS, INSL3 showed no
diagnostic value during adolescence. Incorporating AMH into clinical assessment may help identify
adolescents at risk for persistent PCOS features and future metabolic complications.

Keywords: Adolescent, PCOS, AMH, INSL3, polycyctic morphology
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oz
Amag: Polikistik over sendromu (PKOS), kronik anovulasyon ve hiperandrojenizmle karakterize yaygin bir endokrin bozukluktur. Adolesanlarda,
fizyolojik pubertal degisikliklerle 6rtismesi nedeniyle tanisi gligtur. Anti-Mullerian hormon (AMH) ve insulin like peptit-3 (INSL3), eriskin PKOS'ta

potansiyel biyobelirtegler olarak dnerilmistir, ancak adolesan donemdeki tanisal degerleri belirsizdir. Bu calismada, PKOS tanili adolesanlarda ve
saglikli kontrol grubunda serum AMH ve INSL3 duzeyleri arastirilmis, ultrasonografik ve biyokimyasal bulgularla iliskileri degerlendirilmistir.

Yontem: Bu kesitsel calismaya, Rotterdam kriterlerine gére PKOS tanisi almis 50 adolesan ve 25 saglikli kontrol dahil edildi. Tum katiimcilarda
antropometrik 6lgimler, hormonal/biyokimyasal analizler ve transabdominal ultrasonografi gerceklestirildi. Biyobelirtegler, biyokimyasal
hiperandrojenizm ve over morfolojisi arasindaki korelasyonlar degerlendirildi. AMH'nin tanisal performansi igin alici isletim karakteristigi egrisi
(ROC) analizi yapildi.

Bulgular: PKOS'lu adolesanlarda serum AMH duzeyleri kontrol grubuna gére anlamli derecede yiksekti (11,1£5,4 vs. 3,8%1,8 ng/mL, p<0,001), INSL3
seviyeleri ise benzerdi (p=0,806). AMH, total testosteron, androstenedion, serbest androjen indeksi, Ferriman-Gallwey skoru, liteinizan hormon/
folikll uyarici hormon orani, over hacmi ve antral folikll sayisi ile pozitif, seks hormonu baglayici globulin ile negatif korelasyon gésterdi. PKOS
grubunda AMH, INSL3 ile de anlamli bir korelasyon gosterdi (r=0,35, p=0,012); 6zellikle fazla kilolu/obez alt gruplarinda bu iliski daha belirgindi.
ROC analizi, %94 duyarlilik ve %80 6zgulluk (egri altindaki alan: 0,938, %95 glven araligi: 0,88-0,99) ile 5,05 ng/mL'lik bir AMH kesme degeri
belirledi.

Sonug: Serum AMH, PKOS grubundaki adolesanlarda anlamli dizeyde yuksektir ve hem klinik/biyokimyasal hiperandrojenizm hem de over
morfolojisi ile gliclu bir korelasyon gostermektedir. Bu bulgu, AMH'nin tek basina tanisal bir biyobelirte¢ olmadigini, ancak PKOS tanisinda
destekleyici bir rol oynayabilecegini dusindirmektedir. Eriskin PKOS calismalarinin aksine, adolesan dénemde INSL3 tanisal bir deger
gostermemistir. AMH'nin klinik degerlendirmeye katilmasi, farkli PKOS fenotiplerinin ve gelecekteki metabolik komplikasyonlar agisindan risk
altindaki adolesanlarin belirlenmesine katki saglayabilir.

Anahtar Kelimeler: Adolesan, PKOS, AMH, INSL3, polikistik morfoloji

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a widely
recognized endocrine disorder resulting from genetic
and environmental factors and characterized by
diagnostic features, including chronic anovulation and
hyperandrogenism confirmed clinically or biochemically.
The estimated prevalence among adolescent girls
worldwide is approximately 8-10%.2 PCOS is increasingly
recognized as a condition associated with long-term
metabolic complications, including insulin resistance,
type 2 diabetes mellitus, abnormal lipid profiles, and
an increased risk of cardiovascular disease. Diagnosing
PCOS during adolescence can be difficult because many
symptoms and signs of the syndrome may resemble
normal pubertal findings?

criteria may lead to unnecessary overdiagnosis, and
conversely, ignoring diagnostic features may lead to
delayed or missed diagnoses with unfavorable long-term
consequences. The 2018 and 2023 international evidence-
based PCOS guidelines emphasize the necessity of using a
combination of persistentmenstrualirregularityand clinical
or biochemical hyperandrogenism, while discouraging
the use of USG morphology as a diagnostic criterion
within eight years of menarche’® Hyperandrogenism
is a required criterion for the diagnosis of PCOS in
adolescents. According to current guidelines, biochemical
hyperandrogenism should be assessed by measuring total
and free testosterone, with the free androgen index (FAI)
employed to estimate free testosterone levels®

Anti-Mallerian hormone (AMH) is a glycoprotein of
the transforming growth factor-B family, secreted
predominantly by granulosa cells in preantral and small
antral follicles of the ovaries in women. Because it is
stable across the menstrual cycle and directly indicates
ovarian reserve, AMH is commonly used in reproductive
medicine to evaluate ovarian reserve, predict menopause,
guide infertility treatment, and support the diagnosis of
PCOS" In individuals with PCOS, AMH concentrations
are generally elevated, reflecting the increased caunt of

There are various diagnostic guidelines and criteria.
According to the Rotterdam criteria, established in
2003, PCOS is diagnosed if two or more of the following
are present: ovulatory dysfunction, clinical and/or
biochemical hyperandrogenism, and polycystic ovarian
morphology (PCOM).* Diagnosis in adolescents is more
challenging than in adults because androgens have
different reference ranges and there are no universal
thresholds; therefore, it should be evaluated according to

age and pubertal stage. Physiological multicystic ovarian
appearance in adolescence can be confused with PCOM;
excessive reliance on pelvic ultrasound (USC) can lead to
overdiagnosis. Furthermore, anovulatory cycles in the first
years after menarche are physiological, and most resolve
with pubertal maturation3®In 2015, the Pediatric Endocrine
Society convened to establish clear criteria for diagnosing
adolescent PCOS and highlighted the drawbacks of
directly applying adult criteria to adolescents.® Diagnostic
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preantraland smallantral follicles. However, in adolescents,
the abundance of physiological follicles and pubertal
variability limit its diagnostic utility.

Insulin-like peptide 3 (INSL3), a new member of the insulin/
relaxin family, is secreted by theca interna cells within antral
follicles and by the corpus luteum and ovarian stromal
tissue. It is thought to be associated with follicle number
and development.? Several studies have demonstrated
that INSL3 levels are higher in adults with PCOS and that



they are associated with antral follicle number.® However,
studies of adolescents are limited, and available evidence
suggest that INSL3 does not provide significant diagnostic
value for PCOS in this age group.*

While current guidelines support the use of PCOM and
AMH for diagnosing adult PCOS, using PCOM and AMH is
not recommended in the diagnosis of adolescent PCOS.>8
However, it is important to identify adolescents who do
not fully meet the diagnostic criteria but are predisposed
to PCOS and its chronic complications. Our study aimed
to evaluate AMH and INSL3 concentrations in adolescents
with PCOS and healthy controls, and to compare these
concentrations with ultrasonographic and biochemical
findings. It was hypothesized that serum AMH and INSL3
would be elevated in adolescents diagnosed with PCOS
and would show positive correlations with ultrasonographic
findings and androgen levels.

METHODS
Study Population

Fifty adolescent girls aged 12-18 years who were admitted
to the Hacettepe University, Division of Pediatric
Endocrinology, between July 2014 and March 2015,
participated in the study. PCOS was diagnosed in accordance
with the Rotterdam consensus, which requires at least two
of the three diagnostic criteria: oligo/anovulation, clinical or
biochemical hyperandrogenism, and PCOM.* Participants
with comorbidities, such as chronic systemic disease,
thyroid abnormalities, hyperprolactinemia, congenital
adrenal hyperplasia, androgen-secreting tumors, Cushing'’s
syndrome, or other endocrine disorders, or with prior
treatment for PCOS, were excluded.

Twenty-five healthy adolescent girls with regular menstrual
cycles for at least two years were selected as controls.
Menstrual cycles were considered eumenorrheic when the
interval ranged between 21 and 45 days, oligomenorrheaic
when the interval exceeded 45 days or there were
fewer than eight menstrual episodes within a year, and
amenorrheaic when the absence of menses persisted more
than three months> Only participants who were at least
two years post-menarche were enrolled in the study. Age
at menarche and family history of PCOS were recorded.
Written informed consent was obtained from both the
adolescents and their parents.

Clinical Evaluation

Anthropometric Evaluation

Weight and height assessments were carried out by a
single physician (A.K.T) using a calibrated wall-mounted
Harpenden stadiometer, and an electronic scale (sensitivity
0.1 kg) after 12 hours of fasting, barefoot, and wearing

KOMURLUOGLU TAN et al. AMH and INSL3 in Adolescent PCOS

normal clothing. The body mass index (BMI) was calculated
using the formula: weight (kg)/height® (m?). Participants
were grouped by BMI percentile: 5"-85™ percentile as
normal weight, 85"-95™ percentile as overweight, and
295t percentile as obese. Standard deviation scores (SDS)
for anthropometric parameters were computed.” Patients
were only eligible for enrollment if at least two years had
elapsed since menarche. A detailed medical history and
systemic physical examination were obtained from all
participants by the same physician (A.K.T).

Assessment of Clinical Hyperandrogenism

Clinical hyperandrogenism was assessed according to
the Ferriman-Gallwey scoring system. A score of 28 was
accepted as clinical hyperandrogenism.'

Laboratory Evaluation

Blood Sampling

Blood samples were collected from all participants on
days 2-3 of the menstrual cycle, corresponding to the early
follicular phase. In patients with amenorrhea, samples
were collected after a 12-hour overnight fast on the day of
the clinical evaluation at 08:00 AM. Serum was promptly
separated, frozen, and preserved at -80 °C until analysis.

Biochemical Analyses

Serum concentrations of follicle-stimulating hormone

(FSH), luteinizing hormone (LH), estradiol (E2),
total testosterone, sex hormone-binding globulin
(SHBC), dehydroepiandrosterone sulfate (DHEAS),
androstenedione, 17-hydroxyprogesterone (170HP),

AMH, and INSL3 were measured in all patients with
PCOS and in controls. To exclude differential diagnoses,
basal 170HP levels were assessed for adrenal enzymatic
abnormalities, free thyroxine (T4) and thyroid-stimulating
hormone (TSH) for thyroid dysfunction, and prolactin
for hyperprolactinemia. Serum FSH, LH, E2, prolactin,
TSH, and free T4 were measured using a two-step
chemiluminescence microparticle immunoassay, SHBG
and 170HP by immunoradiometric assay,; DHEAS and
total testosterone by solid-phase chemiluminescence
immunoassay; and AMH and INSL3 by enzyme-linked
immunosorbent assay (Beckman Coulter®, Webster USA,;
Elabscience® USA)

FAI was calculated using the formula: [total testosterone
(nmol/L) + SHBG (nmol/L)] x 100. Serum testosterone
levels measured in ng/dL were converted to nmol/L using
the conversion factor 1 ng/dL = 0.0347 nmol/L.

Pelvic Ultrasound

On the day of hormonal and biochemical assessments,
pelvic USG examinations were also conducted.
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Prospective transabdominal USG scans were performed
in both the PCOS and control groups by a pediatric
radiologist (H.N.O), who was blinded to the clinical and
laboratory information of the participants. Imaging was
conducted using a Sonoline Elegra US scanner (Siemens,
Erlangen, Germany) with a 2-5 MHz convex-array broadband
transducer in the department of radiology.

For each subject, uterine dimensions, endometrial
thickness, and ovarian dimensions [longitudinal, transverse,
and anteroposterior (AP) diameters] were measured in the
sagittal and coronal planes. Uterine and ovarian volumes
were computed according to the ellipsoid formula: length
x AP diameter x transverse diameter x 11/6. The follicles
were grouped by size into three categories: <5 mm, 6-10
mm, and >10 mm. Follicle counts were documented for
each group. Antral follicles (<10 mm) were counted, and
cysts (>10 mm) were noted. PCOM was described by the
presence of 212 follicles measured <10 mm, and/or ovarian
volume >10 mL .47

Statistical Analysis

Statistical analyses were performed using SPSS version
21 (Chicago, IL, USA). Data are given as mean * standard
deviation (SD) or as median (minimum-maximum).
Normality was examined with the Kolmogorov-Smirnov
test. Categorical data are expressed as percentages (%).
Group comparisons were made using Student's t-test or
Mann-Whitney U test. Categorical data were analyzed
with the chi-square test. Correlations were assessed using
Pearson'’s correlation for normally distributed variables and
Spearman’s rank correlation when at least one variable was
not normally distributed. A p-value <0.05 was accepted as
statistically significant.

Biomarkers demonstrating significant differences between
groups were further evaluated using receiver operating
characteristic (ROC) curve analysis to determine their
diagnostic values (sensitivity and specificity). An area under
the curve (AUC) was considered statistically significant ata
type 1 error level of <5%.

Ethical Approval

The study was approved by the Ethics Committee of the
Faculty of Medicine at Hacettepe University (approval no:
GO 14/256-12, date: 04.06.2014) Written informed consent
was obtained from all participants and their parents.

RESULTS

50 adolescents with PCOS and 25 healthy controls were
included in the analysis. The mean age and age at menarche
were similar among the groups (p>0.05). Compared to
controls, adolescents with PCOS had significantly higher
weight SDS (p=0.003) and BMI SDS (p<0.001), whereas
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height SDS were similar between groups (Table 1). All
participants in the control group had normal BMI values,
whereas approximately half of the adolescents in PCOS
group were overweight or obese.

Serum LH concentrations and the LH/FSH ratio were
significantly elevated in adolescents with PCOS (LH:
10.47+6.29 vs. 6.53£4.98 mIU/mL, p=0.008; LH/FSH ratio:
1.83%1.07 vs. 1.22%1.11, p=0.025), whereas FSH levels were
similar (p=0.454). The PCOS group had significantly
elevated levels of serum total testosterone (64.04%21.43
vs. 27.91£9.64 ng/mL; p<0.001), DHEAS (275.66%114.35
vs. 170.09£89.98 pg/dL; p<0.001), and androstenedione
(4.65%2.36 vs. 1.93+0.79 ng/mL; p<0.001) compared with
controls. Additionally, the FAI was significantly elevated in
PCOS cases (p<0.001). Serum SHBG and E2 concentrations
were similar between groups. 170HP levels were also
significantly elevated in adolescents with PCOS (p<0.001)
(Table 1).

Serum AMH levels were significantly higher in the PCOS
group (11.1%¥5.42 ng/mL) than in the controls (3.76%1.75 ng/
mL) (p<0.001). INSL3 levels were similar across groups
(p=0.806). Anthropometric, clinical, and laboratory data
of the PCOS and control groups are presented in Table 1.
The mean ovarian volume was significantly greater in the
PCOS group compared with the control group (13.99+5.22
vs. 9.70%3.64 mL, p<0.001). Both the right and left ovarian
volumes were significantly higher in adolescents with
PCOS (right: 14.76%26.69 vs. 10.60£4.78 mL, p=0.003; left:
13224529 vs. 875#3.80 mL, p<0.001). The number of
follicles <5 mm and the overall antral follicle number were
significantly higher in PCOS cases than in controls (both
p<0.001) (Table 2). Adolescents with amenorrhea in the
PCOS group had significantly higher antral follicle counts
(AFCs) than those without amenorrhea (p<0.001).

Normal ovarian morphology was observed in 5 (10%) of the
PCOS group, whereas PCOM was observed in 3 (12%) of the
control group. Ultrasonographic features of patients with
PCOS and controls are summarized in Table 2.

Correlation Analysis

Correlation  analysis showed significant  positive
correlations between serum AMH concentrations and LH
(r=0.462, p<0.001), LH/FSH ratio (r=0.448, p<0.001), total
testosterone (r=0.590, p<0.001), androstenedione (r=0.524,
p<0.001), FAI (r=0.315, p=0.006), Ferriman-Gallwey score
(r=0.490, p<0.001), total ovarian volume (r=0.496, p<0.001),
and AFC (r=0.620, p<0.01). In contrast, AMH was negatively
correlated with SHBG (r=-0.241, p=0.037).

No significant correlations were detected between INSL3
and other hormonal and ultrasonographic parameters.
However, in the PCOS group, AMH showed a moderate



positive correlation with INSL3 (r=0.35, p=0.012). Subgroup
analysis according to BMI| demonstrated that this
correlation was stronger in overweight patients (r=0.532,

p=0.050) and obese patients (r=0.595, p=0.032).
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Diagnostic Value of Serum Anti-Miillerian Hormone
Level
ROC curve analysis was used to assess the diagnostic

ability of AMH in adolescents with PCOS (Figure 1). At a cut-
off level of 5.05 ng/mL, AMH demonstrated a sensitivity

Table 1. Anthropometric, clinical, and laboratory characteristics of adolescents with PCOS and control group

Parameter PCOS Controls p
(n=50) (n=25)

Age (years) 15.9+1.13 15.7+1.21 0.362
Age at menarche (years) 12.2+0.11 12.4%1.25 0.546
Weight (kg) 66.76+17.02 54 447 6 <0.001
Weight SDS 0.77+1.18 -0.02+0.79 0.003
Height (cm) 160.126.3 161.77.16 0.342
Height SDS -0.32+0.93 -0.74%1.07 0.251
BMI (kg/m?) 25.9+6.08 20.7+2.23 <0.001
BMI SDS 1.16%1.74 -0.31£1.12 <0.001
Ferriman-Gallwey score 16.14+6.7 4.92+2.06 <0.001
FSH (mIU/mL) 6.11£2.39 5.72%1.99 0.454
LH (mIU/mL) 10.47+6.29 6.5314.98 0.008
LH/FSH ratio 1.83£1.07 1.22+1.11 0.025
Total testosterone (ng/dL) 64.04+21.43 27.91£9.64 <0.001
DHEAS (ug/dL) 275.66%114.35 170.09£89.98 <0.001
Androstenedione (ng/mL) 4.65%2.36 1.93£0.79 <0.001
SHBG (nmol/L) 37.98436.41 4530+18.57 0.253
Estradiol (pg/mL) 50+30 48+30 0.798
170HP (ng/mL) 1.47+0.73 0.89+0.44 <0.001
FAI 11.20+10.51 2.98+2.96 <0.001
AMH (ng/mL) 11.1+£5.42 3.76%1.75 <0.001
INSL3 (ng/mL) 0.23+0.18 0.22+0.15 0.806

Values are presented as mean * standard deviation. DHEAS: Dehydroepiandrosterone sulfate,
17-hydroxyprogesterone, AMH: Anti-Mullerian hormone, INSL3: Insulin-like peptide-3, PCOS: Polycystic ovary syndrome, BMI: Body mass index, SDS:
Standard deviation scores, FSH: Follicle-stimulating hormone, LH: Luteinizing hormone. FAl: Free androgen index, calculated as [total testosterone

(nmol/L) + SHBG (nmol/L)] x 100

SHBG: Sex hormone-binding globulin, 17OHP:

Table 2. USG features of PCOS and control group

PCOS

Controls

Parameter (n=50) (n=25) P
Mean ovarian volume (mL) 13.99£5.22 9.70%3.64 <0.001
Left ovarian volume (mL) 13.2245.29 8.75%3.80 <0.001
Right ovarian volume (mL) 14.76%6.69 10.60+4.78 0.003
Endometrial thickness (mm) 6.63%2.39 5.78%3.04 0.226
Number of follicles <5 mm (count, per ovary) 10.004.42 314276 <0.001
Number of follicles 6-10 mm (count, per ovary) 3.42%4.66 4161222 0.450
Antral follicles <10 mm (count, per ovary) 13.42+4.6 7.30%2.28 <0.001

Data are presented as mean * standard deviation. “Per-ovary” mean = (right + left)/2

PCOS: Polycystic ovary syndrome, USG: Ultrasound
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of 94% and a specificity of 80%. The AUC was 0.938 [95%
confidence interval (Cl): 0.88-0.99, p<0.001].

DISCUSSION

PCOS is one of the most frequently diagnosed endocrine
disorders in adolescent females and continues to
pose a diagnostic challenge owing to the overlap
between physiological pubertal changes and the early
manifestations of the syndrome.! In our adolescent cohort
diagnosed with PCOS according to the Rotterdam criteria,
serum AMH levels were significantly elevated compared
with those of their healthy peers. This finding, although
not included in current diagnostic criteria, highlights the
potential role of AMH as a supportive marker of PCOS in
adolescents.

INSL3 and AMH are produced by granulosa and theca cells
in mammalian gonads.!®”? In relation with the elevated
preantral and antral follicle caunts in PCOS, studies
showed that AMH is widely reported in individuals with
PCOS, especially in adults!*™®" In line with our results,
previous studies have consistently reported elevated
AMH concentrations in adolescents with PCOS. In a recent
meta-analysis including 15 studies, Tsukui et al.?° showed
that serum AMH concentrations were significantly higher
in adolescents with PCOS than in controls, with an average
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Figure 1. ROC curve of serum anti-Mullerian hormone
levels in adolescents with polycystic ovary syndrome. The
curve plots sensitivity (y-axis) against 1-specificity (x-axis)

ROC: Receiver operating characteristic
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weighted difference of 2.91 ng/mL (95% Cl: 0.74-5.09). In
the same study, AFC was also significantly higher in the
PCOS group, with a mean difference of 7.14 follicles (95%
Cl: 2.70-11.59). In our study, a cut-off level of 5.05 ng/mL
was determined for serum AMH in adolescents with PCOS,
demonstrating 94% sensitivity and 80% specificity. An
examination of cut-off values reported in adolescent PCOS
studies in the literature reveals that they are generally
within the range of 5.8-7.25 ng/mL, although some studies
have reported higher (28-10 ng/mlL) or lower values
(Table 3).472 Although the cut-off value obtained in this
study is at the lower end of this range, it is particularly
notable for its high sensitivity. Differences between studies
are thought to result from measurement kits, variations in
diagnostic criteria, sample characteristics (obesity, time
since menarche, ethnic distribution), and study designs. In
contrast to our findings, Kocaay et al.*° found no difference
in AMH levels among adolescent PCOS cases and the
control group. Despite these differences, the findings
suggest that AMH is a valuable complementary marker
for diagnosing PCOS in adolescents and may increase its
diagnostic power, especially when evaluated together with
androgen levels and ultrasonographic findings.

Data in the literature on the relationship between serum
AMH and androgen levels are contradictory. Although
the majority of studies exhibited a positive correlation
among AMH and androgen concentrations, some other
studies had shown no correlation3* In this study, AMH
was significantly correlated with androgens (including
total testosterone and androstenedione), as well as with
FAl and the Ferriman-Gallwey score, suggesting that AMH
may also reflect the degree of clinical and biochemical
hyperandrogenism in adolescents with PCOS.

The FAIl, defined as total testosterone divided by
SHBG, provides an estimate of free testosterone. It is
recommended by current guidelines as a diagnostic
marker for biochemical hyperandrogenism.” In their study
on adolescents, Sagsak et al3® showed that individuals
with an FAl above 6.15 warrant evaluation for PCOS.
Villarroel et al3¢ study on adolescent PCOS also found
that an FAI 26.1% is valuable for diagnosing PCOS. On the
other hand Ozer et al¥ found that FAl measurements
were found similar among adolescents with PCOS and
hyperinsulinemia/obesity, while SHBG levels were
lower in hyperinsulinemia/obesity adolescents with
oligomenorrhea. These findings suggest that neither FAI
nor SHBG alone is a reliable diagnostic marker for PCOS in
the presence of metabolic disorders. Several studies have
also demonstrated the diagnostic utility of FAI, reporting
higher levels in adolescents with PCOS compared to
healthy controls.*?® In our study, no difference in SHBG
levels was identified among the PCOS group and controls,
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Table 3. AMH cut-off values for adolescent PCOS determined by ROC analysis in the literature

Author-year (ref) AMH cut-off (hg/mL) | AUC 95% CI Sensitivity Specificity | p value
Lietal? 8 ng/mL 0.664 0.551-0.778 70% 61.7%

Deveer et al.”? 6.66 ng/mL 0.820 62% 76%

Tokmak et al.® 7.11 ng/mL 0.763 0.607-0.920 84% 66.7% 0.004
Yetim et al* 6.1 ng/mL 0.880 0.800-0.960 81.1% 92.3% <0.001
Savas-Erdeve et al. 2 7.25 ng/mL 0.700 0.591-0.808 58% 72.5% 0.001
Kim et al.® 6.26 ng/mL 0.788 0.687-0.868 67% 81% <0.001
Merino et al.® 7.03 ng/mL 0.758 58.8% 82.1% 0.0001
Yetim Sahin et al.¥” 10 ng/mL 0.326 0.171-0.482 50% 69% 0.047
Khashchenko et al.?® 7.20 ng/mL 76% 89%

Tunc and Ozkan® 5.8 ng/mL 86.9% 70%
éﬁgi:;’gﬁ}g;a” 5.05 ng/mL 0938 0.880-0.990 | 94% 80% <0.001
AMH: Anti-Mullerian hormone, AUC: Area under the curve, Cl: Confidence interval, ROC: Receiver operating characteristic, PCOS: Polycystic ovary
syndrome

whereas FAI was significantly elevated in adolescents in
the PCOS group compared with controls. These results
are consistent with the literature and suggest that FAI
can be used as a supportive marker in adolescent PCOS.
However, due to differences in pubertal stage, obesity, and
measurement methods, FAIl alone is not diagnostic and
should be interpreted in conjunction with other clinical
and biochemical findings.

Ozer et al¥ found the LH/FSH ratio was also determined
as a predictive marker for PCOS. Previous studies
have consistently reported elevated LH/FSH ratios in
adolescents diagnosed PCQOS, supporting our findings of
higher ratios in this population.*? In our cohort, the LH/
FSH ratio was significantly elevated in PCOS cases than
in controls, and AMH was correlated positively with the
LH/FSH ratio (r=0.448; p<0.01). Since the LH/FSH ratio is
variable during adolescence, it does not provide diagnosis
alone; itis best to interpret this ratio together with high FAI
and ovarian USG findings or AMH.

Previous studies have reported a potential role for INSL3
in the pathogenesis of PCOS. Data on INSL3 levels in
adolescent PCOS are limited compared with those from
studies in adults. In adult women with PCQOS, elevated
INSL3 concentrations have consistently been reported,
reflecting increased theca cell activity!? In this study,
Gambineri et al”? also reported significantly higher
INSL3 levels in adult women with PCOS, with positive
correlations to androgen concentrations. Similarly,
Pelusi et al3® found that INSL3 was associated with
androgen levels in adolescents with anovulatory cycles.
These findings indicate that INSL3 may reflect ovarian
steroidogenic activity and hyperandrogenism at an early
stage. However, in our cohort, INSL3 levels did not differ

among adolescents with PCOS and controls, and were not
associated with ultrasonographic features or androgen
levels, suggesting that its diagnostic utility in adolescence
remains limited. Similar to our results Tunc and Ozkan?’
and Yetim et al' found INSL3 levels to be similar to the
control group in their study on adolescent PCOS patients,
and did not detect any correlation with any laboratory
or clinical parameters. These discrepancies between
adolescent and adult populations may be due to theca cell
activity and INSL3 secretion not yet being fully established
during early adolescence, resulting in a weaker association
with androgenic and morphological traits. Furthermore,
differences in analysis methodologies and sample sizes
across studies may contribute to the inconsistent findings.
When considered together, these findings indicate that
INSL3 may be a biomarker of hyperandrogenism in adults,
butitsroleinadolescents appears less reliable and requires
further investigation in larger longitudinal studies.

Pelusi et al.® demonstrated a significant association between
AMH and INSL3 levels in their study of adult women with
PCQOS, particularly among those with amenorrhea. Similarly,
we found a significant correlation between AMH and INSL3
in adolescents with PCOS; this association was particularly
evident in overweight/obese subgroups. This may reflect
the combined effect of metabolic and gonadal factors on
ovarian function and suggest that body composition may
modulate the relationship between AMH and INSL3. These
results support the hypothesis that INSL3 and AMH are co-
regulated and suggest that they provide a complementary
perspective on the pathophysiology of PCOS.

Many studies of adult women have shown a positive
association among serum AMH levels and follicle counts
in PCOS patients, reflecting increased AMH production
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resulting from the elevated preantral and AFCs in
polycystic ovaries3?4 Findings in adolescents have been
less consistent. Pawelczak et al3* demonstrated a positive
association among AMH, ovarian volume and peripheral
follicle distribution. Similary, Villarroel et al3® noted a
positive link between among AMH and the caunt of 2-5 mm
follicles. In contrast, Yetim et al.'* showed no correlation
among AMH and ultrasonographic features, and Savas-
Erdeve et al.* also documented no significant association
among AMH, ovarian volume, and number of follicles. In
our study, serum AMH was positively correlated with both
ovarian volume and antral follicle number in adolescent
girls with PCOS, supporting its role as a marker reflecting
ovarian morphology in this population.

Follicle counts are physiologically high and variable in
adolescents, so they are unreliable in diagnosing PCOS.
Current guidelines do not recommend pelvic USG for
diagnostic purposes before 8 years postmenarche.” If USG
is used during this period, ovarian volume should be the
preferred morphological criterion rather than the follicle
count. Previous studies have reported that mean ovarian
volumes in adolescent patients with PCOS were higher
than those in healthy individuals2*?® In our cohort, mean
ovarian volumes were significantly greater in adolescents
with PCOS than in controls (right ovary: 14.8 vs. 10.6 cm?,
left ovary: 13.2 vs. 8.8 cm3), supporting ovarian volume as
a more informative morphological indicator in this age
group.

The relationship between obesity and serum AMH levels is
controversial. Obesity may affect serum AMH concentrations
through several metabolic and inflammatory mechanisms.
Studies in adult women with PCOS have reported lower
AMH levels due to leptin elevation, insulin resistance, and
impaired follicular development secondary to chronic
inflammation.##? In an adolescent study conducted in our
country, normal-weight adolescents with PCOS exhibited
higher AMH levels than their overweight or obese peers.
Conversely, other studies have reported elevated AMH
levels in obese adolescents with PCOS 2> In our study, no
significant differences in AMH levels were found among
normal-weight, overweight, and obese participants. These
conflicting findings suggest that the relationship among
obesity and AMH is complex and can be affected by age-
related, environmental, hormonal, and metabolic factors.

Although AMH is not currently recommended as a
diagnostic criterion in adolescents due to test variability
and the physiological changes of puberty, our findings
highlight its potential clinical utility and suggest that AMH
can be considered a supportive criterion for PCOS. In our
cohort, AMH showed strong correlations not only with AFC
and ovarian volume, but also with biochemical and clinical
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hyperandrogenism (testosterone, androstenedione levels,
FAl, and Ferriman-Gallwey score) and with the LH/FSH
ratio. These findings suggest that AMH reflects both the
morphological and endocrine features of PCOS. The high
sensitivity of the 5.05 ng/mL cut-off value suggests that
AMH may serve as a supportive biomarker for identifying
adolescents at risk of persistent PCOS features. It has also
been shown in the literature that high AMH in adolescence
may be associated with future development of PCOS?
However, due to its limited specificity and lack of test
standardization, AMH should not be used alone but in
conjunction with established clinical and biochemical
criteria.

Study Limitations

This study is valuable because it enables objective
comparisonoffindings betweenadolescentswith PCOSand
healthy controls using standardized pelvic USG performed
byablinded pediatricradiologist.Simultaneously measured
AMH, INSL3, gonadotropins, and androgen levels were
correlated with detailed ultrasonographic measurements.
We demonstrated robust diagnostic performance of AMH
in adolescents (cut-off point of 5.05 ng/mL; AUC of 0.938;
sensitivity of 94%; specificity of 80%) and consistent positive
correlations between AMH and biochemical and clinical
hyperandrogenism (total testosterone, androstenedione,
FAI, Ferriman-Gallwey score), the LH/FSH ratio, and mean
ovarian volumes. In contrast to data from adults, we found
that INSL3 did not distinguish adolescents with PCOS from
controls. These results indicate that biomarker levels and
their interpretation, in addition to hyperandrogenism and
oligo/amenorrhea criteria, can contribute significantly
to the clinical decision-making process for diagnosing
adolescent PCOS.

This study has some limitations. First, applying the
Rotterdam criteria derived from adults to adolescents
carries the risk of misclassification because anovulatory
cycles are common in the early postmenarche period,
and physiologically high or variable follicle counts may
exaggerate polycystic morphology, potentially leading
to overdiagnosis. Transabdominal USG, used because
transvaginal USG, is unsuitable for virgin adolescents, may
underestimate follicle count; to mitigate this limitation,
we prioritized ovarian volume as a morphological
descriptor. The limited sample size and the cross-sectional,
single-center design restrict causal inference and the
generalizability of the findings. Finally, we were unable to
perform longitudinal follow-up to determine the transition
of adolescent phenotypes into adulthood and did not
consider all metabolic confounders (e.g., insulin resistance)
in subgroup analyses.



CONCLUSION

In this adolescent cohort, serum AMH levels were
significantly elevated in the PCOS group compared with
controls, and correlated with ovarian morphology (ovarian
volume, AFC), biochemical/clinical hyperandrogenism
(total testosterone, androstenedione, FAl, Ferriman-
Gallwey score), and the LH/FSH ratio. FAl was significantly
elevated in PCOS, whereas INSL3 did not distinguish
adolescents with PCOS from controls. These findings
support the use of AMH as an adjunct test in the diagnosis
of PCOS in adolescence, rather than as a standalone
parameter. AMH may be particularly helpful for identifying
at-risk adolescents prior to a definitive PCOS diagnosis
and for the early stratification of future metabolic risk.
Given test variability and limited specificity, AMH should
be considered together with clinical data and other
biochemical assessments. Larger, prospective multicenter
studies are required to biomarkers in adolescent PCOS
cases and to evaluate assess the long-term metabolic
consequences of these biomarkers.
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ABSTRACT

Objective: The aim of this study is to assess the difficulty level of artificial intelligence (Al)-generated
multiple-choice questions (MCQs) created by large language models (LLMs) using different prompts
across various chatbots, compared to human-written questions.

Methods: We generated case-based MCQs on obstetrics and gynecology using two distinct prompts
across four LLM-based chatbots. Expert-reviewed MCQs were administered to 97 medical students who
were undergoing clerkship training in obstetrics and gynecology. Subsequently, item difficulty indices
were calculated for each MCQ.

Results: The mean difficulty index of the Al-generated questions was 0.30. One prompt produced
questions with a difficulty index of 0.34 (classified as difficult), while the other produced a lower
difficulty index of 0.25 (classified as more difficult). In contrast, the mean difficulty index of the human-
written questions was 0.63, indicating a moderate level of difficulty.

Conclusion: Our study highlights the challenges of using Al-generated MCQs in medical education.
Although Al offers promising benefits for question generation, the questions produced were generally
too difficult for undergraduate medical students. This underscores the need for more detailed and
contextually informed prompt designs to better align Al outputs with assessment requirements.
Although BDM-based chatbots enhance efficiency in question generation, expert review remains
essential to ensure the appropriateness and quality of the items.

Keywords: Artificial intelligence, large language models, medical education, obstetrics and gynecology
oz

Amag: Bu calismada cesitli chatbotlarda (yapay zeka robotu) farkli promptlar (istemler) kullanilarak
blyuk dil modelleri (BDM) ile yapay zeka tarafindan Uretilen coktan segmeli sorularin (CSS) zorluk
seviyesinin, insan tarafindan yazilmis sorularla karsilastirmali bir sekilde degerlendirilmesi amaclanmistir.
Yéntem: Dort BDM tabanli chatbotta (yapay zeka robotu) iki farkli istem kullanarak obstetrik ve jinekoloji
Uzerine vaka tabanli CSS'lar olusturulmustur. Uzman grubu tarafindan incelendikten sonra, CSS'lar kadin

hastaliklari ve dogum anabilim dalinda staj yapan 97 tip 6grencisine uygulanmistir. Daha sonra her bir
CSS icin madde (soru) gliclik indeksleri hesaplanmistir.
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Bulgular: Yapay zeka tarafindan tretilen sorularin ortalama zorluk endeksi 0,30'dur. istemlerden biri 0,34 zorluk indeksine sahip (zor olarak
siniflandirilan) sorular Gretirken, digeri 0,25'lik daha dusUk bir zorluk indeksi (cok zor olarak kabul edilen) ile sonuglanmistir. Buna karsilik, insan
tarafindan yazilan sorularin ortalama zorluk endeksi 0,63'tlr ve bu da orta duzeyde bir zorluga isaret etmektedir.

Sonug: Calismamiz, tip egitiminde yapay zeka tarafindan Uretilen CSS'lar ile insan Uretimi olan CSS'lar yerine kullaniminda karsilasilabilecek
zorluklar vurgulamaktadir. Yapay zeka, soru Uretimi agisindan umut verici gérinmekle birlikte, Uretilen sorularin genellikle tip dgrencileri igin
yUksek zorlukta oldugu gozlemlenmistir. Bu sonuglar 6lcme degerlendirme gereksinimlerini karsilayabilecek yapay zeka ciktilarina ulasabilmek
icin daha detaylandirilmis ve baglamla uyumlu istemlerin yapilmasi gereksinimini vurgulamaktadir. Ayrica, BDM tabanli chatbotlar verimlilik
acisindan destek saglarken, sorularin uygunlugunu ve kalitesini saglamak icin uzman incelemesi 6nemini korumaktadir.

Anahtar Kelimeler: Yapay zeka, blytk dil modelleri, tip egitimi, kadin hastaliklari ve dogum

INTRODUCTION

Case-based multiple-choice questions (MCQs) are widely
used in medical education,' particularly in fields such as
obstetrics and gynecology,** because of their efficiency
in assessing knowledge and cognitive skills. However,
creating high-quality MCQs is a labor-intensive and time-
consuming process that demands significant expertise.
To address this challenge, leveraging artificial intelligence
(Al) for the development of MCQs has been proposed as a
promising solution, given its potential to play a pivotal role
in medical education.*¢

Large language models (LLMs) have demonstrated
significant potential to automate the generation of MCQs
for medical education.’”? More specifically, recent literature
provides evidence supporting the validity of ChatGPT-
generated MCQs.® However, the findings suggest that
employing simple prompts, such as “write four MCQs about
this topic,” often leads to suboptimal outputs.'* Therefore,
well designed" and detailed'® prompts should be used to
generate higher-quality MCQs. However, it remains unclear
whether these commands can generate MCQs at targeted
difficulty levels—defined as the proportion of test-takers
who answer an item correctly—across different LLM-based
chatbots. This study aims to fill this gap by examining the
difficulty levels of Al-generated MCQs in obstetrics and
gynecology using various prompts across four chatbots.

This study examines how prompt design and model
selection influence the difficulty of Al-generated MCQs
in obstetrics and gynecology and addresses how these
compare with human-written questions. Our goal was
to enhance understanding of how Al can be effectively
utilized for case-based MCQ generation and to provide
evidence supporting the development of better MCQs
that are appropriately challenging for medical students.

METHODS

Study Setting, Design and Participants

This study was conducted in the Department of Obstetrics
and Gynecology at University of Health Sciences Turkiye,
Gulhane Faculty of Medicine, during the 2023-2024
academic year. Undergraduate medical education at the
school spans six years.
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The first three years focus on basic medical sciences,
offering limited clinical exposure. In the fourth year, the
gynecology and obstetrics clerkship is conducted in six
rotations with 35-50 students per group, and the passing
grade is calculated based on an assessment consisting of
a multiple-choice examination. To avoid bias, only fourth-
year students who had completed the obstetrics and
gynecology clerkship were included. Using convenience
sampling, we recruited 97 (88.1%) volunteer participants
for the study. The participants completed a test comprising
18 obstetrics and gynecology MCQs, including 14 Al-
generated questions and four human-written ones. Since
the participants were native Turkish speakers, the Al-
generated questions in English were translated into
Turkish. Following completion of the internship, the test
was conducted in a supervised classroom setting after
informed consent had been obtained from all participants.

Multiple-Choice Question Generation

In March 2024, we aimed to generate four MCQs for each
of the four LLM-based chatbots. The chatbots used were
ChatGPT-3.5, ChatGPT-4, Gemini 1.0 Pro, and Mixtral-
8x7B-Instruct-v0.1. We used two prompts for each chatbot:
Kiyak's'® promptand Zuckerman et al.'s" prompt. Previous
studies have demonstrated their effectiveness®" These
prompts were also used to develop a custom GPT to
generate case-based MCQs for medical education because
of their proven effectiveness.”

To generate the questions, we selected two topics from
the learning objectives of the obstetrics and gynecology
clerkship: the differential diagnosis of vaginal bleeding and
the management of postpartum hemorrhage. These topics
were provided to the four chatbots using two distinct
prompts. Ultimately, we generated 14 questions—seven
each on vaginal bleeding and postpartum hemorrhage—
because Gemini 1.0 Pro declined to create a question using
Zuckerman etal.'s" prompt, likely due to its requirement for
an NBME-style question. We used ChatGPT's webpage for
ChatGPT-3.5, Case-based MCQ Cenerator'® for ChatGPT-4,
Gemini's webpage for Gemini 1.0 Pro, and Hugging Face’s
webpage' for Mixtral. We added “differential diagnosis
of vaginal bleeding” and “management of postpartum
hemorrhage” to the prompts and generated each question



on a separate conversation page. Additionally, since
Kiyak's'® prompt requires selecting a difficulty level, we
specifically requested the generation of difficult questions.

In addition to the 14 Al-generated questions, four
expert-written MCQs—two on vaginal bleeding and
two on postpartum hemorrhage—were provided to the
participants.

The test was administered independently of the obligatory
exams in the medical school and did not affect the
students’ grades. Informed consent was obtained from
each participant. The study was approved by the University
of Health Sciences Tirkiye, Gilhane Scientific Research
Ethics Committee (approval no:2024/04, date: 24.04.2014).

Expert Panel

The Al-generated questions were reviewed and revised by
two obstetrician—gynecologists with expertise with LLMs to
ensure clinical accuracy, consistency, and suitability for the
intended student level. Revisions were primarily limited
to minor refinements in wording, clinical accuracy, and
internal consistency, leaving the fundamental structure of
the questions unchanged. None of the items necessitated
major revisions.

Yapici Coskun et al. Artificial Intelligence in Medical Education

Statistical Analysis

In line with our research question, we calculated the item
(question) difficulty index for each question as the number
of correct answers divided by the total number of test-
takers. The difficulty index ranges from zero to one, with
one representing the easiest level and zero representing
the most difficult level. We classified values <0.30 as “too
difficult”, 0.30-0.40 as “difficult”, 0.40-0.80 as “moderate”,
and >0.80 as “easy” 202

RESULTS

Of the fourth-year medical students who completed their
obstetrics and gynecology internship, 88.1% participated in
an 18-item multiple-choice test. The mean difficulty index
of the 14 Al-generated items was 0.30, placing the items
at the threshold of the “difficult” category. In contrast, the
four expert-authored items demonstrated a substantially
higher mean difficulty index of 0.63, aligning with the
“moderate” difficulty range (Table 1).

Notable differences were observed in the more detailed
classification based on prompt type. ltems generated using
Kiyak's'® prompt (n=8) were classified as “difficult”, with an
average difficulty index of 0.34. However, items derived from
Zuckerman et al.'s"" prompt (n=5) showed a lower average
difficulty index of 0.25 and were classified as “very difficult.”

Table 1. The difficulty levels of Al-generated and human-written multiple-choice questions

Focus LLM type or human Prompt Difficulty index Difficulty level
Kiyak' 0.15 Too difficult
ChatGPT-3.5
Zuckerman et al." 0.24 Too difficult
Kiyak' 0.68 Moderate
ChatGPT-4
Zuckerman et al." 0.33 Difficult
Kiyak' 0.27 Too difficult
Vaginal bleeding Gemini 1.0 Pro
Zuckerman et al." - -
Kiyak' 0.40 Moderate
Mixtral-8x7B
Zuckerman et al." 0.21 Too difficult
Human-written - 0.73 Moderate
Human-written - 0.60 Moderate
Kiyak' 0.07 Too difficult
ChatGPT-3.5
Zuckerman et al." 0.50 Moderate
Kiyak' 0.34 Difficult
ChatGPT-4
Zuckerman et al." 0.09 Too difficult
) Kiyak' 036 Difficult
Postpartum hemorrhage Mixtral-8x7B —
Zuckerman et al." 0.13 Too difficult
o Kiyak'® 0.48 Moderate
Gemini 1.0 Pro
Zuckerman et al." -
Human-written - 0.62 Moderate
Human-written - 0.57 Moderate

Al: Artifical intelligence, LLM: Large language model
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In light of these findings, prompt design plays a critical
role in shaping the cognitive accessibility of Al-generated
questions.

In the two thematic areas evaluated—differential diagnosis
of vaginal bleeding (n=7) and management of postpartum
hemorrhage (n=7)—items generated by Al consistently
exhibited lower difficulty indices compared to those
written by experts. Al-generated items have a uniform
level of difficulty, items written by experts provide a more
balanced spectrum of difficulty. Specifically, none of the
Al-generated items reached the “easy” classification
(>0.80), while two of the four items written by experts fell
within the “moderate-easy” range.

DISCUSSION

This study aimed to evaluate the difficulty levels of
human-generated and Al-generated MCQs in obstetrics
and gynecology. The findings highlighted the combined
influence of prompt architecture and human judgment
on the psychometric properties of MCQs in medical
education. To the best of our knowledge, this is the first
study to investigate the effect of different prompts and
chatbots on the difficulty of MCQs.® Our key findings
indicate that the mean difficulty index of the 14 Al-
generated questions falls into the “too difficult” category
when administered to a group of undergraduate medical
students. Questions generated using Kiyak's'® prompt
were classified as difficult, whereas those generated using
Zuckerman et al.'s" prompt were classified as too difficult.
In comparison, the human-written questions reflected a
moderate level of difficulty.

While our study found Al-generated questions difficult,
previous researches reported moderate mean difficulty
levels indices such as of 0.71,11 0.69,10 and 0.689
in  ChatGPT-generated case-based questions. This
discrepancy may be attributed to differences among
the participant groups; variations in their background
knowledge, experience, and familiarity with the subject
matter could have influenced their performance. Our
results emphasize that prompt design is not just a technical
input for Al tools, but an educational intervention that
can shape learning outcomes by modulating assessment
difficulty. This positions prompt engineering as an emerging
field of educational design.

The findings of this study highlight a critical issue in
Al-based educational content creation: mismatched
difficulty levels. Assessments that fail to accurately
reflect the expected competency of learners may lead
to suboptimal or even negative learning outcomes. When
Al-generated items consistently fall outside the optimal
difficulty range—particularly in formative assessments—
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this can compromise both learning efficiency and student
motivation. Consequently, aligning the prompt structure
with the curriculum level and learner profiles is not merely
desirable, but a pedagogical necessity.

Our findings indicate that Al-generated questions,
particularly those created using Zuckerman et al's"
prompt, tend to be too difficult for undergraduates, likely
because the prompt did not specify the intended difficulty.
In contrast, Kiyak's'® prompt produced questions with
varying difficulty, ranging from too difficult to moderate,
despite having explicitly requested difficult questions.
This variability may arise from two factors: (1) limited detail
provided in the prompts and (2) inherent limitations of
LLMs222% The prompt templates can be improved by
updating them to allow inclusion of additional context
about local needs in the curriculum and target population,
through prompt-engineering tactics? However, the
inherent limitations of LLMs will still require experts to
review and revise the outputs to ensure that the MCQs
are appropriate for the target population’s needs. Better
prompts can reduce the effort required after generation.

Study Limitations

Several limitations should be considered when
interpreting the results of this study. First, the study was
conducted with a specific group of fourth-year medical
students at a single institution, which may limit the
generalizability of the findings. Second, the study evaluated
only a small number of questions generated by four Al
models. Additionally, the study focused on two specific
topics in obstetrics and gynecology, and the results
might differ for other medical topics. Future research
should expand the study to include multiple institutions
and a more diverse group of participants to enhance
generalizability, investigate the performance of various
Al models and versions to identify those most effective
in generating optimally difficult questions, and assess
Al-generated question difficulty across a wider range of
medical topics. Furthermore, the reviewers' expertise with
LLMs could have affected their assessment of question
clarity and perceived difficulty.

CONCLUSION

In conclusion, our study highlights both the challenges
and potential of utilizing Al-generated MCQs in medical
education, particularly in obstetrics and gynecology.
Despite the promising advancements in Al, the questions
generated were generally too difficult for undergraduate
medical students. This underscores the necessity for more
detailed and contextually informed prompt designs to
better align Al outputs with assessment requirements.
Additionally, while LLM-based chatbots provide valuable



support in efficient question generation, expert review
remains crucial to ensure compliance with ethical
guidelines.
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Amag: Beyin goci, bir tilkede yetismis ve egitimli bireylerin daha iyi is veya egitim olanaklarramaciyla yurt
disina go¢ etmesi sonucu ortaya cikan nitelikli insan glici kaybi olarak tanimlanmaktadir. Bu stregten
en cok etkilenen meslek gruplarinin basinda saglik profesyonelleri gelmektedir. Bu arastirmanin
amaci, Turkiye'de saglik alaninda beyin goct konusuna odaklanan lisansustl tezleri inceleyerek icerik
analizi yapmak ve mevcut literatlre iliskin genel bir gériinim sunarak gelecekte bu alanda calisacak
arastirmacilara yol géstermektir.

Yontem: Arastirmada, Yuksekogretim Kurulu Tez Veri Tabani'nda yer alan lisansUstu tezler sistematik
olarak incelenmistir. Tezler; diizeyi, yazim dili ve yapildigi Gniversite gibi ¢esitli degiskenler dogrultusunda
degerlendirilmistir. Tam metnine ulasilamayan tezler icin ilgili arastirmacilarla iletisime gecilerek tam
metin temin edilmis ve analizler bu dogrultuda gerceklestirilmistir.

Bulgular: Toplam 163 tez incelenmis olup bunlarin 21'inin saglik alaninda beyin gécuni ele aldigi
belirlenmistir. Tezlerin bUyUk cogunlugunun son bes yil icerisinde yazildigi ve saglik profesyonellerinin
gdc etme nedenleriile bu gdclin saglik sistemine etkilerinin ensik arastirilan konular oldugu gériulmustar.
Sonug: Saglik alaninda beyin gocu, 6zellikle hekim ve hemsire gocu gercevesinde ele alinan dnemli bir
sorun olmaya devam etmektedir. Gelecekte yapilacak arastirmalarda, bu olgunun politika gelistirme
ve Onleme stratejileri baglaminda daha derinlemesine incelenmesi gerekmektedir. Bu kapsamda
gerceklestirilecek tez calismalarinin, multidisipliner yaklasimlar ve c¢ok paydasli is birlikleriyle
desteklenerek beyin géc¢l olgusunun bitlncil bir sekilde ele alinmasi dnerilmektedir.

Anahtar Kelimeler: Hekimler, hemsireler, saglik calisanlari, gé¢, Turkiye

ABSTRACT

Objective: Brain drain refers to the loss of qualified human capital when educated and skilled individuals
migrate abroad in pursuit of better employment or educational opportunities. Health professionals are
among the occupational groups most affected by this phenomenon. This study aims to conduct a content
analysis of postgraduate theses in Turkiye that focus on brain drain in the health sector, providing an
overview of existing academic work and guidance for future researchers.

Methods: Postgraduate theses listed in the Council of Higher Education Thesis Database were
systematically reviewed. The theses were evaluated based on variables such as degree level, language,
and university. For theses with inaccessible full texts, the researchers were contacted directly to obtain the
complete versions, and the analyses were conducted accordingly.

Results: A total of 163 theses related to brain drain were reviewed, 21 of which specifically addressed the
health sector. The majority were written within the last five years and mainly examined the reasons behind
health professionals’ migration and its impacts on health systems.

Conclusion: Brain drain in the health sector, particularly physician and nurse migration, remains a critical
issue. Future studies should explore this phenomenon more comprehensively within the context of
policy development and preventive strategies. Multidisciplinary approaches and multi-stakeholder
collaborations are recommended to address brain drain holistically.

Keywords: Physician, nurses, medical staff, emigration, Turkiye
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GiRisS

Beyin gocU, gintmuzde uluslararasi is glict hareketliliginin
en belirleyici ve stratejik bilesenlerinden biri olarak
gortlmekte; 6zellikle ylksekdgrenim gormus ya da mesleki
uzmanlik kazanmis bireylerin daha iyi yasam kosullari,
mesleki gelisim olanaklari ve glvenli ¢alisma ortamlar
arayistyla baska tlkelere yonelmesiyle sekillenmektedir. Bu
sureg, yalnizca bireysel bir tercih olmanin 6tesine gecerek
Ulkelerin beser! sermayesini, bilgi Uretim kapasitesini
ve kalkinma potansiyelini dogrudan etkilemektedir**
Nitelikli insan guclinldn kaybi; ekonomik Uretkenligin
azalmasi, inovasyon kapasitesinin zayiflamasi ve toplumsal
esitsizliklerin derinlesmesi gibi ¢ok boyutlu sonuglar
dogurmakta, ozellikle gelismekte olan Ulkelerde telafisi
glc bir katma deger erozyonuna (Ulkenin deger tUretme
kapasitesinin zayiflamasi) neden olmaktadir.”’

Goglin nedenlerini agiklamada sik kullanilan kuramsal
yaklasimlar, beyin gdclnin yapisal boyutlarina 1sik
tutmaktadir. Everett Lee'nin gelistirdigi itme-cekme
modeli, bireylerin gbé¢ kararlarini kaynak Ulkelerdeki
olumsuz kosullar (dustuk Ucret, is glvencesizligi, siyasi
belirsizlik) ile hedef Ulkelerdeki cazip firsatlar (yUksek
yasam standartlari, mesleki gelisim, sosyal glvence)
Uzerinden aciklamaktadir3? Diger taraftan bagimlilik
kurami ve Wallerstein'in dinya-sistem yaklasimi, nitelikli
is glcUnun cevre Ulkelerden merkez tlkelere yonelmesini,
kiresel esitsizliklerin yeniden Uretildigi bir strec¢ olarak
ele almaktadiré® Bu gercevede saglik calisanlarinin goécu,
yalnizca bireysel bir mesleki yonelim degil; ayni zamanda
merkez-cevre Ulkeler arasindaki asimetrik gtg iliskilerinin
bir yansimasidir.

Son yillarda literatiirde dnem kazanan bir diger yaklasim
olan beyin dolasimi modeli ise gocun tek yonlu bir kayip
olarak gorilmemesi gerektigini, diaspora araciligiyla bilgi,
deneyim ve teknoloji transferinin kaynak Ulkeler igin
uzun vadeli firsatlar yaratabilecegini vurgulamaktadirs"
Bu nedenle beyin gbcU; istihdam, ekonomik yapi, kamu
politikalari, toplumsal esitsizlikler ve insan haklar gibi
farkli eksenlerde degerlendirilen ¢ok boyutlu bir olgu
niteligi tasimaktadir.

Saglik calisanlari, beyin gdclnin en yogun yasandigi
meslek gruplari arasinda yer almaktadir. Uluslararasi
literattirde 1970'li yillardan bu yana saglik calisanlarinin go¢
egilimlerinde belirgin bir artis oldugu bildirilmektedir.-¢
Turkiye'de ise bu egilim son yillarda daha gérinur hale
gelmistir3'91821 Tirk Tabipleri Birligi verilerine gore,
yurtdisinda calisma amaciyla “iyi hal belgesi” basvurusu
yapan hekim sayisi 2012'de 59 iken, 2023 yilinda 3025e
ulasmistir® Benzer sekilde hemsireler ve saglik egitimi
alan Ogrenciler arasinda da goc¢ egiliminin hizla arttig
gorulmektedir.  Turk  Hemsireler Dernegi'nin = 2023
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verilerine gore hemsirelerin %76,3'U yurtdisinda calismak
istemekte, ekonomik sikintilar, mesleki sorunlar ve siddet
en gicli itici faktorler olarak éne cikmaktadir!® Universite
o6grencilerinde yapilan arastirmalar ise, saglik alaninda
6grenim goéren genglerin bluylk ¢ogunlugunun mezuniyet
sonrasi  yurtdisinda ¢alisma  egiliminde oldugunu
gostermektedir319817  Ayrica gé¢ aglart kurami, daha
once gob¢ eden saglik calisanlarinin olusturdugu sosyal
baglarin, yeni gdcmenlere bilgi ve destek saglayarak gégtin
maliyetini dUstrdigiuni ve gog kararlarini kolaylastirdigini
ortaya koymaktadir.6202!

Saglik calisanlarinin goécu, halk sagligl ve saglik sistemi
acisindan kritik 6neme sahiptir. Nitelikli insan glicindeki
azalma, hizmet sunumunda aksamalara, saglik calisani
basina dusen is yUkinUn artmasina, tukenmislik
dizeyinin yukselmesine ve saglik hizmetlerine erisimde
esitsizliklere yol acabilmektedir. Ote yandan bazi
Ulkelerde saglik calisanlarinin uluslararasi hareketliligi,
insan kaynagl fazlasinin dengelenmesi veya uzmanlik
aciginin kapatilmasi amaciyla olumlu bir stre¢ olarak
degerlendirilebilmektedir?"

Bu baglamda, Turkiye'de saglik alaninda beyin goclne
iliskin akademik bilgi birikiminin sistematik bicimde
degerlendirilmesi 6nem kazanmaktadir. Ancak mevcut
literatUr incelendiginde, bu konuda yapilmis lisanststu
tezlerin kapsami, tematik dagilimi ve metodolojik
ozelliklerine  ydnelik  bdtinctul bir degerlendirme
bulunmadigl goérulmektedir. Bu arastirma ile Turkiye'de
saglik alaninda beyin gbéclnl ele alan lisansustt tezler
incelenmis, alandaki egilimler ortaya koyulmus, mevcut
bosluklar ifade edilmis ve gelecekte yapilacak arastirmalara
Oneriler gelistirilmistir. Boylece mevcut durumun kapsamli
bir sekilde ortaya konulmasi ve saglik alanindaki beyin
gocgune iliskin akademik bilgi birikiminin glclendirilmesine
katki saglanmasi amaclanmistir.

YONTEM

Aragtirmanin amaci ve tiirii: Arastirma tiri bakimindan,
nitel bir arastirma yaklasimi benimseyerek, nitel igerik
analizi yontemiyle gerceklestirilmistir. Nitel icerik analizi,
belirli metinlerin sistematik bicimde incelenmesini
amaclayan bir arastirma yéntemidir. icerik analizi degisen
arastirma amaclarina goére nitel, nicel ve bazen de karma
tarzda yapilabilmektedir.?2 Arastirmadan elde edilen veriler
ise nicel desende incelenmistir.

Arastirma sorulari: Arastirma su sorulara yanit aramaktadir:

Saglik temali beyin gbc¢u tezlerinin yillara gére dagilimi
nasildir?

Arastirmalarda
edilmistir?

hangi yontemsel yaklagsimlar tercih
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Galismalarda hangi saglik meslek gruplar 6n plana
¢ctkmaktadir?

Tezlerde beyin gbéclne iliskin hangi itici ve cekici
faktorler vurgulanmaktadir?

Arastirmanin evren ve érneklemi: Bu arastirmada, Ulkemiz
Yiksekogretim Kurulu (YOK) Ulusal Tez Merkezi'nde yer
alan yuksek lisans, doktora ve tipta uzmanlik tezleri; yazim
yillari, turleri, arastirma desenleri ve enstitl alanlarina
gore incelenmistir. Arastirmanin 6rneklemi, evrende yer
alan toplam 163 tezden olusmaktadir. Calismada yalnizca
lisanststl tezlere odaklanilmasinin temel nedeni, bu
tezlerin iceriklerine dair daha derinlemesine bilgi edinmeyi
saglamak ve ayni zamanda bu igerikleri bilimsel tartismaya
acarak alandaki durumu degerlendirebilmektir.

Verilerin toplanmas:: Tirkiye YOK Ulusal Tez Merkezi'nde
arastirilan konuyla iliskili belirlenen élgutler ile 01.08.2025-
01.09.2025 tarihleri araliginda “beyin gocu” anahtar
kelime grubuyla “Aranacak Alan, izin Durumu ve Tez Turi”
Olgutlerinde “TUmU” segilerek ve tarama terimi alanina
“beyin gocu” kelimeleri yazilarak tarama yapilmis olup;
sonucundal63 arastirmaya ulasilmistir.incelenen tezlerden
21 tanesi saglik alaninda calisilmis olan tezler oldugu tespit
edilmistir. Aragtirma drneklemini olusturan 21 tezin 2020-
2025 yillarr arasinda yapildigi tespit edilmistir. Veri toplama
sUrecinde, tezlerin giris, yontem, bulgular ve tartisma
bolumleri ayrintili olarak incelenmistir.

Verilerin degerlendirilmesi: Tezlerden elde edilen veriler
tanimlayici istatistiklerle degerlendirilmistir.  Verilerin
analizinde SPSS 25.0 ve Microsoft Excel kullanilmistir.

BULGULAR

Bu arastirma, YOK Ulusal Tez Merkezi veri tabaninda yer
alantezlerinincelenmesine dayanan tanimlayici bir calisma
niteligindedir. Yapilan taramalar sonucunda toplamda 163
teze ulasilmistir.

Beyin gocu ile ilgili yapilan tez taramasi sonucunda yapilan
163 tezden, 21 tanesinin saglik alaninda calisildigl tespit
edilmistir. Diger arastirmalar dislanmistir ve 21 tez analiz
edilmistir (Sekil 1).

Tezlerin yillara goére dagilimi incelendiginde, saglik
alaninda beyin go¢lu konulu c¢alismalarin 2020 yilindan
itibaren calisilmaya baslandigl ve en yogun sekilde 2024
yilinda gerceklestirildigi gorilmektedir (Sekil 2). Ayrica ilgili
konunun trendinin her gecen yil arttigl da goérilmektedir.

Arastirmaya uygun olarak YOK Ulusal Tez Merkezi veri
tabaninda yer alan 21 tez, Tablo 1'de yer alan cesitli
degiskenler (tez tUrl, Universite adi vb.) dogrultusunda
analiz edilmistir Tam metnine erisilemeyen tezlerin
arastirmacilari  iletisim  kurulmustur.  Arastirmacilar
ile kurulan iletisim sonrasinda tezlere ulasilmistir ve
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degerlendirmeye alinmistir. incelenen tezlerin diizeylerine
gore dagilimlarinda %76,2 oranla ytksek lisans dizeyinde
calisildig1 tespit edilmistir. Konu ile ilgili %52,4 oraninda
“Do¢. Dr.” Unvanli akademisyenlerin danismanlik yaptig
saptanmistir. Arastirmada incelenen tezlerin yontemleri
nitel, nicel ve karma olarak gerceklestirilmistir. incelenen
tezlerin %71,4'0 nicel, %19,1'i nitel ve %9,5'i karma yontemle
gerceklesmistir. Arastirmada incelenen tezlerde veri
toplama araci olarak %71,4 oraninda en cok anketlerin
kullanildig tespit edilmistir (Tablo 1).

Arastirmaya uygun olarak YOK Ulusal Tez Merkezi veri
tabaninda yer alan 21 tez, Tablo 2'de tezlerde vurgulanan
itici ve cekici faktérlere gére incelenmistir. itici ve cekici
faktorler 4 baslk altinda sunulmustur (Tablo 2). ltici
faktorler; ekonomik ve mali sorunlar, ¢alisma kosullari,
mesleki ve kurumsal faktorler, sosyo-politik faktorlerdir.
Cekici faktorler ise; ekonomik firsatlar, calisma ortami
ve kosullar, egitim, kariyer ve mesleki gelisim, sosyal ve
kulturel faktorler olarak kategorize edilmistir (Tablo 2).

Beyin Gocil ile ilgili yapilan
toplam tez sayis1 (n:163)

Tanilama

Dahil Calismaya dahil edilen
etme tez say1s1 (n:21)

Analiz edilen
tez say1s1 (n:21)

Sekil 1. Arastirma akig semasi

Yillara Gore Tez Sayisi

Tez Sayisi (adet)
[ N w »H w O N o

2020 2022 20'23 2024 2025
Yillar

Sekil 2. Tezlerin yillara gére dagilimi



Etik

Bu arastirmada birincil veri toplama ydntemleri
kullanilmamustir. Veriler kamuoyuna acik YOK Ulusal Tez
Merkezi veri tabanindan elde edilmistir. Calismada insan
veya hayvan verisi kullanilmamistir. Bu nedenle c¢alisma
icin etik kurul izni alinmasina ihtiya¢ duyulmamistir.

TARTISMA

Beyin gocu, ozellikle nitelikli is glcUnun, ylksek egitimli
bireylerin, saglik calisanlarinin ve akademisyenlerin
daha iyi yasam, kariyer ve calisma kosullari arayisiyla

Tablo 1. Tezlerin genel 6zellikleri

Degiskenler n %
Diizeyi

Yuksek lisans 16 76,2
Doktora 2 9.5
Tipta uzmanlik 3 143
Danigman iinvani

Dr. Ogr. Uyesi/Yard. Dog. Dr. 3 143
Doc. Dr. 11 52,4
Prof. Dr. 7 33,3
Yapildigi iiniversitesi

Saglik Bilimleri Universitesi 3 14,3
Sivas Cumhuriyet Universitesi 3 14,3
Hacettepe Universitesi 2 95
Diger Universiteler 13 61,9
Yapildigi enstitii/fakiilte

Lisanststi Egitim Enstitlsu 5 23,7
Saglik Bilimleri Enstittsu 4 19,0
Sosyal Bilimler Enstitlisu 6 28,6
Tip Faktltesi 3 14,3
Fen Bilimleri Enstittst 1 48
NUfus EtGtleri Enstitlst 1 4,8
Go¢ Enstitisu 1 4,8
Yapildigi ABD/béliim

Aile Hekimligi Ana Bilim Dali 3 14,3
Hemsirelik/Halk Sagligi Ana Bilim Dali 3 14,3
isletme Ana Bilim Dali 4 19,0
Saglik Yonetimi Ana Bilim Dali 2 9,5
Saglik Kuruluslar Yoneticiligi Ana Bilim Dali 2 9,5
Sosyoloji Ana Bilim Dali 1 4,8
Diger 6 28,6
Calisma grubu

Hekim 5 23,8
Hemsire 5 23,8
Karma saglik calisani 5 23,8
Ogrenci-saglik alaninda 6 28,6
Aragtirma yontemi

Nicel 15 71,4
Nitel 4 19,1
Karma 2 9,5
Veri toplama teknigi

Gorisme 4 19,1
Anket 15 71,4
Gorusme/anket 2 95
Toplam 67 100.0

CAKIR ve ark. Saglik Calisanlarinda Beyin Gocu

yurt disina yénelmesi olgusu Uzerinden sekillenen ok
boyutlu bir toplumsal sorundur. Saglik alaninda faaliyet
gosteren bireylerin go¢ egilimleri, sadece bireysel bir
tercih olmanin 6tesinde, saglik sisteminin isleyisini, insan
kaynagl planlamasini ve toplumsal esitsizlikleri dogrudan
etkileyen yapisal bir mesele haline gelmistir. Bu baglamda
arastirmanin temel amaci, saglik alaniyla iliskili lisanststu
tezlerde "beyin gocl” olgusunun nasil ele alindigini, ne tur
temalar ve séylemler cercevesinde temsil edildigini ve bu
baglamda literatire nasil yansitildigini ortaya koymaktir.

Arastirma  bulgulari  sonucunda toplamda 163 teze
ulasilmistir. Ulasilan bu tezlerden 21 tanesi dogrudan saglik
alani ile ilgili tezlerdir. Bu arastirmalarin da son yillarda
yapildigi goérilmektedir. Bu durumda pandemi sonrasi
sureg, calisma kosullarindaki memnuniyetsizlikler, kiresel
talep artis, geng kusaklarin deger ydnelimi ve politika
yapicilarin glindemine girmesi ile aciklanabilir.

Arastirma sirasinda yapilan taramalar sonucunda, ¢alisma
grubunun saglik alani oldugu ilk tez calismasinin 2020
yilinda Reyhan Kurtbasan tarafindan yapilan “Hemsirelik,
Okul Oncesi Ogretmenligi ve Psikolojik Danismanlik ve
Rehberlik Boélimlerindeki Ogrencilerin Beyin Gdclne
Yoénelik Tutumlar’” baslikli yUksek lisans tezi oldugu
tespit edilmistir. Tezler yillara gdre degerlendirildiginde,
ozellikle 2020 yili sonrasinda tezlerin sayisinda énemli bir
artisin oldugu tespit edilmistir. Bu durum, 6zellikle 2019
koronavirlis hastaligi (COVID-19) pandemisi slrecinde
saglik calisanlarinin toplum tarafindan 6neminin daha
ylUksek dlzeyde kabul goérmesi ve saglik calisanlarinin
kosullarinin  kamuoyunda daha fazla tartisilmasiyla
paralellik gb&stermektedir. Nitekim pek c¢ok Ulkede
COVID-19 pandemisi, saglik calisanlarinin ¢calisma kosullari
Uzerindeki baskiyr artirmis, saglik c¢alisani yetersizligi
kUresel olcekte gorinUr hale gelmis ve nitelikli is glc
goclnt hizlandirmistir3© Ayrica, gen¢ kusaklarin kariyer
ybnelimi, kuresel hareketlilik istegi ve yurt disindaki
yasam standartlarina iliskin beklentilerindeki degisim de
bu artisi destekleyen bir diger faktordur. Literatlirde geng
saglik profesyonelleri arasinda gd¢ etme isteginin giderek
glclendigi, dzellikle hekimler, hemsireler ve saglik egitimi
alan 6grenciler arasinda go¢ egiliminin cok yuksek oldugu
bildirilmektedir318

Hazirlanan  tezlerin  duzeylerine  gdre  dagilimlari
incelendiginde; %76,2 oranla yuksek lisans dizeyinde
yapilmis olan tezler daha fazladir. ikinci siray1 %14,3 oranla
tipta uzmanlik tezleri takip ederken, son sirada %9,5 oranla
doktora tezlerinin yapildigl tespit edilmistir. Yillara gére
tezlerin sayisinda artis oldugu gibi, tim tez duizeylerinde
de bir artis s6z konusudur. Bu durumu da yine Turkiye'deki
saglik alaninda beyin goc¢i arastirmalarinin yillar iginde
gordugu ilgi ve bunun akademik calismalar icinde tezlere
yansimasi seklinde aciklanabilir.
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Tablo 2. Vurgulanan itici ve gekici faktorler (n=21)

itici faktorler

Cekici faktorler

Ekonomik ve mali sorunlar

- Dusuk maaslar

+ Gecim zorlugu, ekonomik kriz

+ Yuksek vergi oranlari

+ Tegvik ve ek 6deme sistemine dair memnuniyetsizlik

Ekonomik firsatlar

- Yuksek maas ve daha iyi gelir
+ Daha yUksek yasam standardi
- Daha kolay geg¢im imkani

(;al|§ma kosullari
+ Agir is yukd, uzun ndbetler, yogun tempo
+ Yetersiz muayene sireleri
- Gulvencesizlesme ve belirsizlik
+ Zorunlu hizmet uygulamasi
+ Pandemi sireci ile artan baskilar

Calisma ortami ve kosullari

- Guvenli ve duzenli calisma ortami

- Daha kisa ¢alisma saatleri

+ Saglikta siddetin daha az olmasi

- Malpraktis yasalarinin daha esnek olmasi

Mesleki ve kurumsal faktorler
- Saglikta siddet (sozel ve fiziksel)
- Mobbing ve destek eksikligi
+ Mesleki sayginligin azalmasi, prestij kaybi
- Kariyer belirsizligi
- Hukuki/idari koruma ve duzenlemelerin yetersizligi

Egltlm kariyer ve mesleki gelisim
Arastirma ve akademik firsatlar
- Teknolojik imkanlarin daha gelismis olmasi
+ Uzmanlasmak istenilen branglarin bulunmasi
+ Bilime verilen degerin daha ylksek olmasi
+ Mesleki tatmin ve sayginligin artmasi

Sosyo-politik faktorler

- Politik baski ve dislince 6zgurlugut eksikligi
- Siyasi istikrarsizlik, glivenlik kaygisi

- Saglik politikalari ve hiikiimetin sdylemleri
- Meslek érgltlerinin ve sendikalarin zayiflig

Sosyal ve kiiltiirel faktorler

+ Cocuklarin egitim olanaklar

+ Yeni kaltUrler tanima istegi, yabanci dil 6grenme
+ Uluslararasi deneyim ve profesyonel sayginlik

- Sosyal ve yasam kosullarinin daha iyi olmasi

Saglik alanindaki ¢alisanlar diizeyinde incelenen 21 tezde,
hekimlere, hemsirelere ve saglik alanindaki 6grencilere
odaklanildigr goérulmektedir. Ayrica bu arastirmalarin
tamaminin 2020 yili ve sonrasinda gerceklestirildigi tespit
edilmistir. Bu durum, pandemi sonrasi dénemde saglik
calisanlarinin dnemine yonelik artan vurgu ve konunun
genis kitlelerce tartisilir hale gelmesiyle iliskilendirilebilir.

Arastirmada analiz edilen tezlerin incelenmesinde
tezlerin %71,4'Gntn nicel, %19,1'inin nitel ve %9,5'inin
karma desende yapildigl tespit edilmistir. Arastirma
bulgularinin degerlendirilmesinde siklikla basvurulan kanit
duzeyi piramidi, elde edilen sonuclarin givenilirligini ve
gecerliligini belirlemede 6nemli bir aractir. Bu arastirmanin
oénemli bir bulgusu, Turkiye'de saglik alanindaki beyin
gocu arastirmalarinin buyudk élcide tanimlayici calismalar
Uzerine yogunlasmis olmasidir. Kanit dizeyi piramidi
acisindan degerlendirildiginde, bu arastirmalar piramidin
alt basamaklarinda yer almakta; yuksek dizeyde kanit
Ureten girisimsel, kohort veya karma yontemli ¢calismalarin
ise oldukca sinirli oldugu goérulmektedir. Bu durum,
saglik calisanlarinin  gbé¢ egilimlerinin  neden-sonug
iliskileri bakimindan daha derinlemesine incelenmesini
glclestirmektedir.Halksagligi perspektifinden bakildiginda,
beyin gdcu yalnizca bireysel bir kariyer hareketliligi degil;
saglik sisteminin strdurulebilirligini tehdit eden kritik bir
yapisal sorundur. Saglik calisani yetersizligi, is yUkUnun
artmasina, tikenmislik oranlarinin yukselmesine, teshis-
tedavi surecglerinde hata riskinin artmasina ve saglik
hizmetlerine erisimde esitsizliklere yol agabilmektedir.
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Bu baglamda, yuksek dizeyde kanit Uretecek arastirma
tasarimlarina intiyac oldugu aciktir.?

Vurgulanan itici ve Cekici Faktorler

Arastirmada ele alinan itici ve gekici faktorlerin analizinde,
itici faktorlerin ekonomik ve mali glclukler, calisma
kosullarinailiskinolumsuzluklar,meslekive kurumsalyapiya
bagli etmenler ile sosyo-politik dinamiklerden olustugu
saptanmistir. Cekici faktorler ise ekonomik firsatlar, calisma
ortami ve kosullar, egitim, kariyer ve mesleki gelisim ve
sosyalve kiltlrel faktdrler olarak tespit edilmistir. Bu durum
saglik alaninda beyin gocu ile ilgili yapilan arastirmalarda
da vurgulanmistir?? Saglik sektériinde beyin goguni
tetikleyen itici faktorler cogunlukla kaynak Ulkedeki
olumsuz kosullardir. Ornegin, Karatuzla tarafindan yapilan
arastirmada dusUk maas, agir is yuku, yetersiz kariyer ve
egitim firsatlari ile sosyal/glivenlik sorunlarinin beyin
gdclini artiran ana nedenler oldugu belirtilmistir?* Benzer
sekilde Kése Tosunoz tarafindan yapilan arastirmada saglik
calisanlarinda ekonomik guglikler, kotu calisma kosullari
ve saglikta siddet gibi etkenlerin saglik calisanlarini
gbce zorladigr vurgulanmistir®® Bu itici kosullar, bireyleri
memnun olmadigl ortamdan ayrilmaya yoneltmektedir.
Ote yandan cekici faktorler, nitelikli saglik calisanlarini goc¢
edilen Ulkelere ceken olumlu unsurlardir. Literatirde bu
baglamda genellikle daha yuksek Ucretler, yasam standardi,
ileri egitim/kariyer firsatlari ve gtivenli calisma kosullari 6ne
cikmaktadir.?? Literatiire gore, gelismis tlkelerde sunulan
istikrarli yasam kalitesi, glivenli ortam ve mesleki gelisim




olanaklar saglik c¢alisanlarini  cezbetmekte; artirilmis
kariyer imkanlari, ekonomik olanaklar ve daha konforlu
yasam kosullariise gog egilimini gliclendirmektedir. Bu itici
ve cekici faktorlerin etkilesimi, nitelikli saglik is glicinin
yurt disina ydnelmesinde temel belirleyicidir. Literatlrdeki
arastirmalar saglik alanindaki beyin godclnde itici faktor
olarak dustk Ucretleri, olumsuz calisma ve yasam
kosullarini, politik/sosyal baskilar; ¢ekici faktér olarak
ise yuksek kazang¢ ve yasam standard, iyi egitim-kariyer
firsatlari ile glvenli calisma ortamlarini vurgulamistir.
Arastirma bulgular, alandaki diger calismalarla paralellik
gbstermektedir.

Saglik Hizmetlerinde Beyin G&¢iliniin Etkileri

Arastirmada  grubunu  olusturan tezlerin  analizleri
dogrultusunda, Turkiye'de saglik alanindaki istihdam ve
calisma kosullarinin yetersizligi ile yurtdisindaki yUksek
yasam standartlari ve mesleki gelisim olanaklari, saglik
calisanlari arasinda yurtdisinda ¢alisma ve yasama istegini
glclt bir egilim haline getirmektedir. Beyin gobclne
yonelik bu egilimlerin yalnizca bireysel tercihlerle sinirli
kalmadigl; ayni zamanda sosyo-ekonomik yapinin sundugu
kisitliliklar, toplumsal degerler ve ulusal diizeydeki politika
eksiklikleri gibi makro faktorlerle de yakindan iliskili
oldugu gorulmektedir. Arastirma bulgulari, Turkiye'de saglik
insan glcunun kaybini 6nlemek icin galisma kosullarinin
iyilestirilmesi, nitelikli is firsatlarinin olusturulmasi gibi
gereklilikleri ortaya koymaktadir. Ayrica bu gerekliliklerin,
acil bir gereklilik oldugu farkli arastirmacilar tarafindan
da vurgulanmaktadir?® Bu kapsamda  gelistirilecek
stratejilerin  yalnizca ekonomik iyilestirmelerle sinirli
kalmamasi; ayni zamanda sosyal ve politik reformlarla da
desteklenmesi gerektigi anlasilmaktadir. Ozellikle genc
saglik profesyonellerinin mesleki tatmin ve glivencelerini
artiracak politikalarin hayata gecirilmesi, Turkiye'nin saglik
sektériinde beyin gocuyle mucadelede kritik dneme
sahiptir. Bu arastirma, saglik alanindaki nitelikli insan
gucl kaybinin dnlenmesi igin politika yapicilara ve ilgili
kurumlara kapsamli ve ¢ok boyutlu stratejiler gelistirme
sorumlulugunu bir kez daha hatirlatmaktadir. Beyin gécu
egilimlerinin yalnizca ekonomik nedenlerden degil, ayni
zamanda Turkiye'nin genel sosyo-ekonomik yapisindaki
yapisal sorunlardan beslendigi gérulmektedir. Bu nedenle,
bireylerinyurtdisinaydnelimlerini azaltmak adinayapilacak
her turll iyilestirmenin, sadece bireysel dizeyde degil,
ayni zamanda yapisal ve sistem dlzeyinde reformlarla
desteklenmesi zorunludur. Bu c¢ercevede hem bireylerin
hem de Ulkemizin saglik insan glclUntn strdurlebilirligi
acisindan gerekli adimlarin ivedilikle atilmasi buytk bir
gereklilik olarak 6ne ¢ikmaktadir.

CAKIR ve ark. Saglik Calisanlarinda Beyin Gocu

Saglik sistemlerinde insan glclu yetersizliginin  halk
sagligina etkileri de goz ardi edilmemelidir. Saglik is
glcundekiyetersizlik, 6zellikle halk sagligialanindasistemin
isleyisini olumsuz etkilemekte ve geride kalan personelin
is yukldnu ciddi oranda artirmaktadir. Bu durum yalnizca
hizmet sunumunda aksamalara yol agmakla kalmamakta,
ayni zamanda tani ve tedavi stireclerinde hata oranlarinin
yUkselmesine de neden olmaktadir. Nitekim Harvard
Universitesi'nde yuritilen bir arastirmada, 1.000 kisi basina
diisen hekim sayisinin yalnizca bir kisi artirilmasinin, bebek
olimlerini azaltmada ¢ok dnemli bir etkiye sahip oldugu
ve kisa vadede %15, uzun vadede ise %45 oraninda dusUs
sagladigl ortaya konmustur.?* Turkiye'de de beyin gocliniin
devam etmesi, 6zellikle koruyucu saglik hizmetleri ve
birinci basamak saglik hizmetlerinde 6nemli zorluklara yol
acma potansiyeline sahiptir.

Calismanin Kisituliklar

Bu arastirma, veri tabanindan ulasilabilen tezlerle
sinirlidir. Farkli tarih araliklari ve farkli kelimeler ile yapilan
taramalarla ulasilacak calismalar icin genellenemez.

SONUC

Bu arastirma, Turkiye'de saglik alaninda beyin gbcini
konu alan lisansustu tezlerin egilimlerini ilk kez sistematik
bicimde ortaya koymustur. Bulgular, 6zellikle 2020 yilindan
itibaren saglik calisanlarinin goéc¢ egilimini inceleyen
tezlerde belirgin bir artis oldugunu ve hekimler, hemsireler
ile saglik egitimi alan 6grencilerin baslica calisma gruplarini
olusturdugunu gostermektedir.

Saglik calisanlarinin gog egilimleri, ekonomik yetersizlikler,
calisma  kosullarinin  olumsuzlugu, saglikta siddet,
kariyer sinirliliklart ve belirsizlikler gibi yapisal sorunlarla
yakindan iliskilidir. Bu nedenle saglik insan glcunin
korunmasina yodnelik politikalarin ¢cok boyutlu olmasi
gerekmektedir. istihdam olanaklarinin gliclendirilmesi,
Ucret dengesizliklerinin giderilmesi, glivenli ve destekleyici
calisma ortamlarinin saglanmasi, kariyer gelisim firsatlarinin
artinlmasi  ve psikososyal destek mekanizmalarinin
glclendirilmesi kritik adimlar arasinda yer almaktadir.
Halk sagligi acisindan bakildiginda, “saglik calisanlarinin
go¢ egilimi, saglik sisteminde surdurualebilirligi tehdit
eden 6nemli bir halk sagligi sorunudur.” Bu egilim devam
ettiginde hizmet sunumu, erisilebilirlik, is yuki ve hizmet
kalitesi Uzerinde ciddi olumsuz etkiler ortaya ¢ikacaktir.

Bu arastirmanin  bulgularinin, saglik insan glcu
planlamasina yonelik politika yapicilar icin yol gosterici
olacagy; lisanststl 6grencilerin ve akademisyenlerin konu
secimi ve literatlr taramalarina katki saglayarak gelecekte
yUrUtUlecek arastirmalar icin saglam bir temel olusturacagi
distnulmektedir.
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Etik

Etik Kurul Onayi ve Hasta Onayi: Bu arastirmada birincil veri
toplama ydntemleri kullanilmamistir. Veriler kamuoyuna
acik YOK Ulusal Tez Merkezi veri tabanindan elde edilmistir.
Calismada insan veya hayvan verisi kullanilmamistir. Bu
nedenle calisma igin etik kurul izni alinmasina ihtiyag
duyulmamistir.
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ABSTRACT

Objective: Eye examinations in infants for vision screening can cause pain and stress. The aim of this
study was to evaluate the effect of white noise and swaddling on pain, heart rate, and oxygen saturation
in healthy term infants undergoing post-discharge eye examinations.

Methods: The study was conducted from September 1, 2022, to March 1, 2023, in the neonatal eye
outpatient clinic of a maternity hospital. This randomized controlled trial included 120 term infants
randomized to four groups: white noise (n=30), swaddling (n=30), white noise plus swaddling (n=30),
and control (n=30). Pain was assessed using the premature infant pain profile scale, and heart rate and
peripheral capillary oxygen saturation (SpO,) were measured by pulse oximetry before, 30 seconds
after, and at the end of the examination.

Results: The groups showed comparable pain scores, heart rates, and SpO, levels, with no significant
differences observed (p>0.05). However, all groups showed significant increases in pain scores and heart
rates, and a decrease in SpO, during the examination compared with baseline (p<0.001).

Conclusion: White noise, swaddling, and their combination did not reduce pain or improve physiological
parameters during eye examinations in term infants.

Keywords: Eye examination, pain management, swaddling, term infant, white noise

6z

Amag: Yenidoganlarda gérme taramasi igin yapilan géz muayeneleri agri ve stres olusturabilir. Bu
calismada, taburculuk sonrasi g6z muayenesi yapilan saglikli term yenidoganlarda beyaz gurulti ve
kundaklamanin agr, kalp hizi ve oksijen satlirasyonu Uzerine etkisi degerlendirildi.

Yontem: Calisma, 1 Eylul 2022-1 Mart 2023 tarihleri arasinda bir dogum hastanesinin yenidogan goz
polikliniginde yurttildi. Randomize kontrolll bu calismaya 120 term yenidogan dahil edildi ve dort
gruba ayrildi: beyaz gurultt (n=30), kundaklama (n=30), beyaz glrulti + kundaklama (n=30) ve kontrol
(n=30). Agr1, kalp hizi ve periferik kapiller oksijen satiirasyonu (SpO,), prematiire bebek agri profili 6lcegi
ve pulse oksimetre kullanilarak muayene éncesi, muayeneden 30 saniye sonra ve muayene sonunda
olgulda.

Bulgular: Gruplar arasinda agri skorlari, kalp hizi ve SpO, seviyeleri agisindan anlamli bir fark gézlenmedi
(p>0,05). Ancak, tim gruplarda muayene sirasinda bazal degerlere kiyasla agri skorlari ve kalp hizinda
anlamli artis, SpO,'de ise anlamli diistis gorildi (p<0,001).

Sonug: Beyaz gurultl, kundaklama ve bunlarin kombinasyonu, term yenidoganlarda géz muayenesi
sirasinda agriyl azaltmadi ve fizyolojik parametreleri iyilestirmedi.

Anahtar Kelimeler: Agri yonetimi, beyaz grulti, goz muayenesi, kundaklama, term bebek
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INTRODUCTION

Eye problems that arise during early childhood are of
critical importance, as they can lead to permanent vision
loss.! It is recommended that term infants be evaluated for
congenital cataracts, congenital glaucoma, retinoblastoma,
strabismus, amblyopia, and refractive errors? An estimated
20,00-40,000 infants are born with bilateral cataracts
globally each year, leading to blindness in over 14 million
children. Congenital glaucoma, a developmental disorder
that may be unilateral or bilateral, typically presents at
birth or within the first few months of life and can damage
the optic nerve, leading to vision loss? Detecting risk factors
that may hinder normal visual development through
vision screening in infants and providing early treatment
help prevent vision loss and blindness. In the country
where the study was conducted, healthy term infants
undergo detailed eye examinations for conditions such
as congenital cataracts and glaucoma, using techniques
similar to those employed in retinopathy of prematurity
(ROP) screening.

Eye examinations for screening and early diagnosis can be
painful and stressful for infants. Exposure to pain in infancy
can lead, in the short term, to increased pain sensitivity
and altered cortical development, and, in the long-term, to
behavioral and learning problems.“®> Therefore, it is crucial
to minimize pain and stress during these examinations.®
Although analgesic agents are considered effective for pain
control during eye examinations, the most effective and
safest combination of interventions that does not increase
adverse effects has yet to be determined’ Kinoshita et
al® Cochrane review indicated that topical anesthesia
administered during ROP screenings is insufficient for
complete pain relief. The evidence suggests that a single
intervention is not sufficient to completely alleviate pain.
Systemic pharmacological analgesics used to reduce
pain in infants may adversely affect their early brain
development, nutrition, socialization, and memory later
in life.#? Currently, non-pharmacologic methods to reduce
pain in infants are gaining prominence. These methods
are more cost-effective, easier to administer, and safer
than pharmacologic approaches. They can also be used in
combination with pharmacologic treatments.”®

During eye examinations, Blefastop is used to keep the
baby's eyelids open, and a scleral depressor is employed to
examine the ocular fundus and to move the eye laterally,
which can cause discomfort. The white light source used by
the ophthalmologist further unsettles the infant. Studies
have explored various non-pharmacologic interventions
to reduce pain during eye examinations in preterm
infants, including touch, positioning, non-nutritive sucking,
breast milk, glucose, sucrose, white noise, and music.""
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However, these studies have yielded conflicting results,
and the evidence remains insufficient. In our review of the
literature, we found no study that definitively supports
the claim that swaddling alone significantly reduces pain,
nor any research comparing the effectiveness of non-
pharmacological methods for reducing pain experienced
by term infants during eye examinations. There is a need
for studies assessing the efficacy of non-drug interventions
in alleviating pain during eye examinations in healthy
term infants after hospital discharge. White noise and
swaddling were preferred for term infants returning for
ophthalmological examination 30-36 days post-discharge
due to their ease of use and ready availability.

The purpose of this study was to assess the impact of
white noise and swaddling on procedural pain, heart
rate, and oxygen saturation (SpO,) in healthy term infants
undergoing hospital eye examinations for post-discharge
vision screening.

Hypotheses of the study:

H,: Playing white noise to healthy term infants during eye
examinations affects pain scores, heart rate, or oxygen
saturation.

H,: Swaddling healthy term infants during eye examinations
affects pain scores, heart rate, or oxygen saturation.

H,: Swaddling combined with listening to white noise
during eye examinations affects pain scores, heart rate, or
oxygen saturation.

METHODS
Design

This study adopted a prospective, randomized, controlled
experimental design with four study groups (three
intervention groups and one control group), in accordance
with CONSORT guidelines.?®

This randomized controlled trial was registered at
ClinicalTrials.gov (registration number:NCT06535984).

Sample and Setting

The study was conducted between September1,2022, and
March 1, 2023, in the neonatal eye outpatient clinic at a
maternity hospital. In this hospital, healthy infants who
do not require intensive care after birth receive a single
eye screening examination between 30 and 36 days of age.
Approximately 400 infants who do not require intensive
care attend the neonatal eye outpatient clinic each
month. Participants were divided into four groups: three
intervention groups and one control group. Infants were
assigned to these groups using simple randomization to
ensure baseline comparability and to prevent selection
bias. Randomization was performed using a computer-



generated random sequence created through the
random.org website. To ensure comparability between
groups, infants will be assigned to groups by simple
random sampling. The allocation list was prepared by an
independent researcher who was not involved in data
collection or outcome assessment, thereby maintaining
allocation concealment. Sample size estimation was
performed using G-Power (version 3.0.10). With a 95%
confidence interval, a=0.05, effect size =0.159, and power
(1-B) =0.80, a total sample size of 27) 108 infants per group)
was calculated for the four groups. The effect size (0.159)
was not derived from pilot data or a specific previous study;
rather, it was determined as a small-to-medium effect size
based on general recommendations for behavioral and
clinical research, considering the expected variability in
pain and physiological parameters among infants. The
sample size estimation was based on the primary outcome
measure of the study, the premature infant pain profile
(PIPP) score. The study included 120 infants divided into
the swaddling group (n=30), the white noise group (n=30),
the white noise + swaddling group (n=30), and the control
group (n=30) (Figure 1).

The sample included infants with gestational age >37 6/7
weeks, birth weight 22000 g, and 5-minute Apgar score 27,
who were aged 30-36 days postpartum and undergoing
their first eye screening. The study excluded infants who
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had received care in the neonatal intensive care unit, who
had required, who had a diagnosed or suspected congenital
and/or genetic disorder, who had experienced hearing
problems, who had undergone any surgical procedure, or
who had received systemic analgesics within the last six
hours. No infants withdrew during the study period.

Interventions

Healthy term infants who were swaddled during the eye
examination formed the swaddling group (intervention
group 1). Infants who listened to white noise formed the
white-noise group (intervention group 2). Infants who were
both swaddled and exposed to white noise during the eye
examination constituted the white noise + swaddling group
(intervention group 3). The control group received routine
care and follow-up. The outpatient clinic nurse (the third
researcher) numbered the infants in order of admission
and assigned them to groups using simple randomization.
All infants were examined by the same ophthalmologist
(the fourth investigator). Another outpatient nurse, who
was not part of the research team, measured the infants’
pain scores, heart rate, and oxygen saturation at three
times: before the examination (T1), 30 seconds after the
ophthalmologist began examining the first eye (T2), and
immediately after finishing the examination of the second
eye (T3). No adverse events or complications related to the
interventions were observed during the study.

Enrollment

Assessed for cligibility (1=206) |

Excluded (n=86)

Not meeting the inclusion criteria
(n=60)

Not obtaining family consent (n=8)

Not having a blanket (n=18)

Randomized (n=120)

r Allocation Allocation Allocation l
Swaddling White Noise White Noise + Control group
Group (n=30) Group (n=30) Swaddling Group (n=30)

(n=30)
l | Follow-up —l Follow-up —l Follow-up _l—
Incomplete " Incomplete | Incomplete Incomplete
Followup (n=0) Follow-up (n=0) Follow-up (n=0) FO(HOWSUP
n=0

|

‘ Analyzed (n=30) |

| Analyzed (n=30) |

Figure 1. Consort flow diagram

Analyzed (1=30) Analyzed (n=30)
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Eye Examination Preparation

All healthy term infants included in the study (intervention
groups 1, 2, and 3, and the control group) underwent
routine procedures at the outpatient eye clinic prior to
the examination. Families with appointments for their
baby's eye examination were instructed to feed their
infant one hour before the appointment. On the day of
the examination, the third investigator inquired about the
time of the last feeding. Following this, pupil dilation was
initiated in the waiting room. According to the hospital's
standard procedure, pupil dilation involved instilling
phenylephrine and tropicamide eye drops twice, at five-
minute intervals. Approximately 45 minutes later, once
the pupils were dilated, each infant was taken to the
preparation room. One drop of proparacaine was instilled
into each eye of the infants before the examination.
Proparacaine-containing drops are used to provide topical
anesthesia for rapid and short-term diagnostic or surgical
procedures.? During these procedures, which occur before
the examination, the baby remains with the parent, usually
in the mother's arms. Once the infant is taken into the
examination room, the parent does not accompany them.
Instead, a third researcher brings the infants into the
examination room without their parents and places them
on the examination table. The left foot of all infants was
fitted with a pulse oximetry probe.

Eye Examination Procedure

The third investigator positioned the infant supine and
aligned the infant's head in the midline with a slight
extension. The eye examination was performed by
an ophthalmologist (the fourth researcher). Each eye
examination lasted approximately one to one-and-a-half
minutes.

Participant Groups

Swaddling group (n=30); The third researcher swaddled
each infant in its thin blanket. The swaddling involved
bringing the infant’s left hand close to the left buttock
and wrapping it with the upper right end of the blanket.
Similarly, she wrapped the baby's right hand with the
blanket's upper-left end by bringing that end closer to
the right hip. She wrapped the baby's legs with the lower
part of the blanket, ensuring that the baby's head could
move freely. All environmental conditions during the
procedure were kept constant. The room temperature
was maintained at approximately 22-24 °C, and the
examination was performed in a dim, quiet environment.
No changes in lighting or room temperature were made
during the interventions.

White noise group: the third researcher turned on a
pre-recorded rain sound file before the start of the eye
examination and played it for the infants until the end of
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the examination. The sound was played on a mobile phone
(Samsung Galaxy A32, 2021) at approximately 50-55 dB, as
measured with a sound-level meter app, and the speaker
was positioned approximately 30-40 cm from the infant's
head to avoid discomfort. The same recording was used
throughout the study to ensure acoustic consistency.

White noise + swaddling group: the third researcher
swaddled the infants in this group as described for the
swaddling group, and turned on a pre-recorded rain sound
file before the examination began, which was played
continuously until the end of the examination.

Control group: The healthy term infants in this group
received routine care at the eye outpatient clinic. In
routine outpatient clinic practice, infants are examined
with their clothes on, and no non-pharmacologic methods
are applied during the examination. As in the intervention
groups, infants in the control group received proparacaine
eye drops and pupil dilation as part of the routine clinical
protocol prior to the examination.

A single outpatient clinic nurse who was not part of the
research team conducted all data collection activities. This
nurse works in the neonatal eye outpatient clinic and has a
neonatal intensive care nursing certificate.

Data Collection Tools

“The infant information and monitoring form” and “the
PIPP” were used during data collection.

Infant Information and Monitoring Form

Researchers prepared the form, which contained 11
questions."?22 The form included information about the
infant's demographic characteristics, mode of delivery, birth
weight, gender, gestational age, Apgar score, postnatal age,
diet, oxygen therapy, and phototherapy. Additionally, pain
scores (T1, T2, and T3), heart rates, and oxygen saturation
levels were recorded.

The Premature Infant Pain Profile

The infants’ pain scores were evaluated using the PIPP.
The Turkish validity and reliability of the scale developed
by Stevens et al?* were assessed by Taplak and Bayat.®
The scale includes seven indicators (heart rate, oxygen
saturation, gestational age, behavioral state, nasolabial
furrow, brow bulge, and eye squeeze), each scored from O
to 3. The total score ranges from O to 21, with higher scores
indicating more severe pain.

Statistical Analysis

Statistical analyses were conducted using IBM’'s SPSS
software (version 27). Descriptive statistics summarized the
study findings. The association between two categorical
variables was assessed.



Data were assessed using Pearson’s chi-square (y?) test. For
data with a normal distribution, comparisons among three
or more independent groups were performed using one-
way ANOVA (F-value), while repeated-measures ANOVA
(F-value) was applied for comparisons involving three
or more related groups. When data were not normally
distributed, the Kruskal-Wallis H test (32 statistic) was used
to compare three or more independent groups, and the
Friedman test (2 statistic) was used to compare three or
more dependent groups.

Ethical Approval

All procedures were conducted in compliance with the
ethical standards of the Institutional and National Research
Committee and within the guidelines of the Declaration of
Helsinki. This study was approved by the Ankara Bilkent City
Hospital No.2 Clinical Research Ethics Committee (decision
number: E2-22-2419, date: 16.10.2022). Information about
the study's aims, procedures, and other relevant details
was provided to the infants’ parents. They signed a written
consent form before the study commenced.

RESULTS

Comparison of The Groups on Terms of Demographic
Data

A total of 120 neonates [females n=68 (56.6%) and males
n=52(43.4%)] wereincluded in the study and were randomly
assigned to the swaddling (n=30), white noise (n=30),
white noise plus swaddling (n=30), and control (n=30)
groups. There were no significant differences between the
intervention and control groups with respect to mode of
delivery, gender, birth weight, gestational age, and 1- and
5-minute Apgar scores. The groups were also similar with
respect to feeding method, oxygen therapy, phototherapy,
postnatal age, and current weight (p>0.05). The groups
were homogeneous in terms of these characteristics. Other
demographic data are shown in Table 1.

Comparison of The Groups in Terms of PIPP Score,
Heart Rate, and SpO,

The groups did not differ significantly in PIPP scores
before the eye examination (T1), at 30 seconds into the
examination (T2), or at the end of the examination (T3)
(p>0.05). The PIPP score in the swaddling + white noise
group at T3 was lower than in the other groups, although
this difference was not statistically significant (Figure
2). The groups did not differ significantly in PIPP scores
before the eye examination (T1, p=0.601), at 30 seconds
into the examination (T2, p=0.108), and at the end of the
examination (T3, p=0.526). The PIPP score in the swaddling
+ white noise group at T3 was lower than in the other
groups, although this difference was not statistically
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significant (Figure 2). The mean PIPP score of all infants at
T1 was significantly lower than that at T2 and T3 (p<0.001).
In both the white noise group and the swaddling group,
the mean PIPP score at T3 was lower than at T2 (p<0.001).
Heart rate values were comparable between groups at Tl
(p=0.418), T2 (p=0.892), and T3 (p=0.742). Heart rates at
T1, T2, and T3 varied significantly across all infant groups
(p<0.001). In all three intervention groups (swaddling +
white noise, white noise, and swaddling), heart rate values
at T1 were lower than those at T2 and T3, while values at
T3 were lower than those at T2 (p<0.001). In the control
group, only the heart rates at Tl were lower than those at
T2 and T3 (p<0.001). There were no statistically significant
differences in SpO, between groups at Tl (p=0.710), T2
(p=0.230), and T3 (p=0.854). At T3, although the SpO,
value in the white noise group was slightly higher than in
the other groups and those in the control and swaddling
groups were slightly lower, these differences were not
statistically significant. SpO, values in all groups at T2 and
T3 were lower than at T1 (p<0.001). In addition, the SpO,
values of infants in the white noise group at T3 were higher
than at T2 (p<0.001) (Table 2).

Primary Outcomes

The primary endpoints of the study were the total pain
score from PIPP, the instantaneous heart rate measured by
the monitor, and the oxygen saturation.

DISCUSSION

In this randomized controlled trial, we investigated
the effects of swaddling and white noise—alone and in
combination—on pain, heart rate, and oxygen saturation in
healthy terminfants undergoing routine post-discharge eye
examinations. Although our study was methodologically
robust, our findings indicated that these interventions
did not significantly reduce pain scores or improve heart
rate and oxygen saturation during the examination. The
analysis showed no differences in pain scores, heart rates,
or saturation values among the groups before, 30 seconds
into, or at the end of the eye examination. However, all
groups exhibited an increase in pain and heart rate and
a decrease in oxygen saturation during the examination
compared with baseline.

Newborns experience varying degrees of pain during
invasive procedures, such as eye examinations conducted
for diagnosis and treatment.?° During painful interventions,
infants experience increases in respiratory rate, heart rate,
and blood pressure, and a decrease in oxygen saturation.?
Studies have shown that infants experience significant
pain even when local anesthetics are used during the
procedure.2628

White noise is a constant, uniform sound composed of
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Distribution of PIPP values
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*T1: BEFORE EXAMINATION, T2: 30 TH SECOND, T3: END OF EXAMINATION

Figure 2. Distribution of PIPP values across groups at different measurement times (T1: before eye examination; T2: 30

seconds of eye examination; T3: End of eye examination).

Error bars represent the variability of the data (standard deviation/standard error as applicable)

PIPP: Premature infant pain profile

many different frequencies (e.g.,, the howling of the wind,
the flow of water, or the running of a fan). The potential
mechanism of action of white noise may be explained by
desensitization and sensory modulation theories, which
suggest that consistent auditory input can help regulate
the infant’s sensory responses and reduce reactivity to
painful stimuli?? White noise can have a calming effect on
emotional states, reducing pain and anxiety. It also elicits
stochastic resonance in hearing, which can positively affect
behavioral and physiological responses.” Some studies®®?
have shown that white noise reduces pain scores during
invasive procedures, is effective in increasing weight gain
and improving comfort, but has no positive effect on
pain scores during severely painful procedures such as
endotracheal aspiration?? Contrary to studies showing
that white noise during eye examinations decreased pain
scores and positively affected saturation and heart rate”®
a studies found no positive effect on pain scores and
physiological parameters.2 Similarly, our findings indicate
that the pain scores (PIPP>9-10 points), heart rates, and
oxygen saturation of infants exposed to white noise were
not improved, suggesting that applying white noise during
eye examinations may be ineffective in reducing pain.
Considering that infants’ crying during the examination
may have reduced their ability to perceive the white noise,
future studies should explore whether using a slightly
higher sound intensity within safe limits or adjusting the
timing of the intervention—such as starting the white
noise earlier or maintaining it longer—could enhance its
effectiveness.

Swaddling is a method that reduces excessive movement
by wrapping the baby's arms and legs>? Safe swaddling of

newborns can reduce the pain experienced during medical
interventions, support neuromuscular development, and
reduce physiological and behavioral stress32* Swaddling
alone has been reported to relieve pain during invasive
procedures, such as aspiration3 However, it has been
concluded that in premature infants, swaddling alone
is not effective in reducing pain during retinopathy
examinations, nor is it effective when combined with
other non-pharmacologic methods such as sucrose,
breast milk, or distilled water3> Metres and Yildiz"? similarly
reported that swaddling combined with a pacifier was
more effective at reducing pain during eye examinations
in premature infants than a pacifier alone. Another study
reported that a modified developmental care bundle—
including environmental modifications, swaddling, oxygen
supplementation, and cue-based individualized care—can
reduce pain and stress in premature infants during ROP
examinations3® The results of our study indicate that
this method did not alleviate pain or positively influence
physiological responses during highly painful procedures,
such as eye examinations performed on healthy term
infants. These findings suggest that the intense paininduced
by detailed eye examinations may not be adequately
managed by swaddling alone or by swaddling combined
with white noise. Although the differences in PIPP scores
between the groups were not statistically significant, the
lower pain scores observed in infants who received the
combined white noise and swaddling intervention and
the higher scores observed in the control group suggest
that the combined application of these methods may
provide partial benefits in pain management. In addition,
all infants received proparacaine eye drops as part of
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the routine clinical protocol prior to the examination.
The analgesic effect of this topical anesthetic may have
reduced the overall pain response during the procedure,
thereby masking the differences between the intervention
and control groups. Furthermore, in our study, the second
measurement (T2) was taken at the 30t second of the eye
examination, a time previous research has identified as
when infants typically exhibit the most intense pain and
stress responses. This standardized time point ensured
comparability between groups. However, the duration
of the eye examination varied slightly among infants
(approximately 1-1.5 minutes per eye). This variability may
have influenced the T3 measurements, as some infants
were exposed to the procedure for a longer duration,
potentially resulting in differences in cumulative stress or
in recovery time. Another limitation is that the temporal
recovery of pain and physiological parameters after the
procedure could not be evaluated, as no T4 measurement
was obtained. This prevented the assessment of whether
any intervention provided an advantage during the
recovery phase. Additionally, due to the nature of the
interventions, it was not possible to blind the nurse
performing the assessments, which may have introduced
observer bias in the evaluation of pain scores. The findings
of the study highlight the need to develop new, more
effective strategies to manage pain during detailed eye
examinations in healthy term infants.

Study Limitations

Infants who presented for an eye examination were
assessed in a quiet, dark environment. However, the
infants’ crying during the procedure might have reduced
their ability to hear the white noise, diminishing its
effectiveness. The pain scores and physiological values
of the infants returning to normal levels (T4) could not
be assessed. Another limitation of the study was that the
nurse who evaluated the infants’ physiological findings
and pain scores could not be blinded because of the study
design. Video recordings were not used for the blinded
assessment of PIPP scores. Therefore, the possibility of
observer bias cannot be completely ruled out; such bias
may have influenced the evaluation of pain scores.

CONCLUSION

In this study, healthy term infants experienced procedure-
related pain during detailed eye examinations,
accompanied by a significant increase in heart rate and a
decrease in oxygen saturation. Our findings suggest that
non-pharmacologicalinterventions,suchaswhite noiseand
swaddling, whether applied individually or in combination,
may not be sufficient during invasive procedures such as
eye examinations, thereby indicating the need to revise
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pain management protocols. To better understand the
effectiveness of different non-pharmacological methods
in managing pain and changes in heart rate and oxygen
saturation during eye examinations of term infants, larger
randomized controlled trials are recommended.
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ABSTRACT

Objective: The aim of this study is to compare the digital literacy levels of nurses working in digital and
non-digital hospitals and to examine the effect of demographic and professional variables on their
digital competence.

Methods: This study was designed as a descriptive comparative cross-sectional study and included
219 nurses working in one digital and one non-digital hospital in Tirkiye. Data were collected using a
structured questionnaire comprising demographic information and a 12-item unidimensional Digital
Literacy Scale. The reliability of the scale was confirmed (Cronbach’s alpha=0.948). Statistical analyses
were performed using SPSS, including descriptive statistics, independent samples t-tests, one-way
analysis of variance, Games-Howell post-hoc tests, and chi-square tests.

Results: Nurses working in digital hospitals had significantly higher levels of digital literacy than nurses in
non-digital hospitals (p<0.05). No significant differences were observed based on age, education level,
or years of experience. However, digital literacy scores increased significantly with greater frequency
of digital tool use. No significant relationship was found between professional experience and the
frequency of digital interaction.

Conclusion: Corporate digital infrastructure and frequency of digital tool usage are key factors affecting
nurses’ digital literacy. Encouraging daily digital interactions and providing access to technological
resources may help strengthen digital competencies in healthcare settings.

Keywords: Digital literacy, hospital, health technology, nurse

0z
Amac: Bu calismanin amaci, dijital ve dijital olmayan hastanelerde calisan hemsirelerin dijital

okuryazarlik duzeylerini karsilastirmak ve demografik ve mesleki degiskenlerin dijital yeterlilikleri
Uzerindeki etkisini incelemektir.

Yéntem: Tanimlayici ve karsilastirmali kesitsel bir calisma olarak tasarlanan arastirmaya, Turkiye'de bir
dijital ve bir dijital olmayan hastanede calisan 219 hemsire katilmistir. Veriler, demografik bilgileri ve
12 maddelik, tek boyutlu bir Dijital Okuryazarlik Olcegi'ni iceren yapilandirilmis bir dlcek araciligiyla
toplanmistir. Olcegin givenilirligi dogrulanmistir (Cronbach’s alpha=0,948). Istatistiksel analizler,
tanimlayici istatistikler, bagimsiz 6rneklem t-testleri, tek yonlit ANOVA, Games-Howell post-hoc testleri
ve ki-kare testleri iceren SPSS kullanilarak gergeklestirilmistir.

Bulgular: Dijital hastanelerde calisan hemsirelerin, dijital olmayan hastanelerdeki hemsirelere kiyasla
anlamli derecede daha ylksek dijital okuryazarlik duzeyleri oldugu bulunmustur (p<0,05). Yas, egitim
duzeyi veya deneyim yilina gére anlamli bir fark gézlenmemistir. Ancak, dijital okuryazarlik puanlari,
dijital arag kullanim sikliginin artmasiyla 6nemli élgtide artmistir. Mesleki deneyim ile dijital etkilesim
sikligl arasinda anlamli bir iliski bulunamamistir.
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Sonug: Kurumsal dijital altyapi ve dijital ara¢ kullanim sikligl, hemsirelerin dijital okuryazarligini etkileyen temel faktorlerdendir. Gunluk dijital
etkilesimi tesvik etmek ve teknolojik kaynaklara erisimi saglamak, saglik hizmetleri ortamlarinda dijital yeterliliklerin gliclendirilmesine yardimci

olabilecegi sdylenebilir.

Anahtar Kelimeler: Dijital okuryazarlik, hastane, hemsire, saglik teknolojisi

INTRODUCTION

The impact of digitalization on healthcare services is
undeniable and involves comprehensive change processes
that require healthcare professionals to develop new
competencies."*Hospitals,whichencompass numerousand
complex specialties, possess substantial information and
communication technology infrastructure” Digitalization
extends from electronic documentation to robot-assisted
procedures and can improve care quality, patient safety,
and patient outcomes?® Digitalization is expected to
digitalization will alleviate the challenges facing the
healthcare system, which is grappling with demographic
change and a shortage of qualified professionals.®

With developments in the delivery of healthcare services,
the role of nursing professionals can no longer be limited
to providing care that addresses only patients’ physical
needs.® The digitization of healthcare delivery has created
a new relationship for nurses -between nurses and
technology. While technology cannot replace compassion
today, it has become an important competency that
nurses must acquire’ Digital literacy is required to
acquire these technological competencies. Digital
literacy is generally defined as the knowledge, skills, and
attitudes necessary to effectively use information and
communication technologies® Digital literacy is seen as
a competency related to the ability to access, evaluate,
produce, and share information, encompassing technical
skills and information literacy.”'° To implement this, recent
studies have developed assessment tools to measure
nurses’ knowledge, skills, and attitudes toward digital
technologies." These tools emphasize that digital literacy
in nursing is not only the ability to use devices but also to
integrate data into clinical reasoning and patient care.

The importance of digital literacy in healthcare service
delivery is increasing, while its absence poses challenges.
Nurses with sufficient digital skills can support accurate
documentation, clinical decision-making, and patient
education, while the lack of these competencies can
jeopardize patient safety and quality of care!> For
example, a lack of digital competence has been associated
with increased error rates, compromised safety, and
reduced service quality.® Conversely, positive outcomes
have been demonstrated in healthcare providers with
higher digital capacity. Research shows that electronic
medical records and related tools provide benefits such
as increased documentation accuracy, compliance, and
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decision support.” Hospitals with a high level of digital
maturity (HIMSS EMRAM stages 6-7) achieve significantly
better safety and quality outcomes than hospitals with
lower digital maturity® Hospitals with higher levels of
digital maturity have achieved better safety outcomes
and lower infection rates, reflecting more effective use
of data in patient care. Similarly, more digitally mature
hospitals report higher patient experience scores (e.g,
communication and care coordination) than less digitally
mature hospitals.”®

Empirical studies directly examining the relationship
between an institution’s level of digitalization and
nurses’ digital literacy are limited. Therefore, this research
demonstrates that the digital literacy of frontline
personnel, such as nurses, given the institution’s level of
digital infrastructure, is crucial to realizing the security and
quality benefits of health information technology.

METHODS

This study was designed as a descriptive, comparative
cross-sectional study. The primary objective is to examine
the digital literacy levels of nurses working in both digital
and non-digital hospitals. A hospital accredited at level 7
by HIMSS EMRAM was selected as the digital hospital. For
the non-digital hospital, a hospital with a similar number
of beds was selected. The research examines whether
the level of hospital digitalization affects nurses’ digital
competencies and explores the relationship between
digital literacy and various demographic and professional
factors. Ethics committee approval has been obtained
from the Non-Interventional Research Ethics Committee of
izmir Bakircay University (decision number: 2106, research
number: 2096, date: 07.03.2025). Participants gave their
voluntary consent after being informed in detail about the
purpose, method, possible risks and rights of the research.

Population and Sample

The study population consists of all nurses working at one
digital hospital and one non-digital hospital in Turkiye. The
total number of nurses in the two hospitals is reported to
be 502. The formula for a known population size was used
to determine the required sample size: n=(N x t2 x p x q)
/ [(d?>x (N = 1)) + (£ x p x ). According to this calculation,
the minimum sample size was set at 218 nurses. The final
sample consisted of 219 participants who met the inclusion
criteria.
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Hypotheses
The following hypotheses were tested in the study:

H1: The digital literacy levels of nurses working in digital
hospitals are significantly different from those of nurses in
non-digital hospitals.

H2: Nurses' digital literacy levels vary significantly according
to their personal information.

- H2a: Nurses' digital literacy levels differ significantly
according to age groups.

- H2b: Nurses’ digital literacy levels differ significantly by
education level.

- H2c: Nurses' digital literacy levels differ significantly
according to years of professional experience.

- H2d: Nurses' digital literacy levels differ significantly
according to their unit of work.

- H2e: Nurses’ digital literacy levels differ significantly
according to daily digital tool usage frequency.

Statistical Analysis

The data used in the study were collected through face-
to-face interviews. The Digital Literacy Scale, whose validity
and reliability were established by other researchers, was
administered alongside a form collecting the participants’
demographic characteristics. The scale used to assess
participants’ digital literacy was developed by Nabiyeva
et al’®in a study conducted among employees of the
Psychiatry Clinic at the Akdeniz University Faculty of
Medicine. It is a five-point Likert-type self-report scale,
consisting of a single dimension and 12 items, that assesses
adults’ ability to use various digital technologies correctly
and to access, produce, and share accurate information.
Statistical analysis was performed using SPSS software.
Initially, descriptive statistics (mean, standard deviation,
skewness, and kurtosis) were used to summarize the
distribution of digital literacy scores.

The reliability of the digital literacy scale was assessed
using Cronbach’s alpha coefficient, where a value above
0.70 is considered acceptable for internal consistency.
Independent-samples t-tests were used to compare mean
digital literacy scores between two groups (e.g., hospital or
department type). For categorical variables with more than
two levels (e.g, age group, education level, professional
experience, frequency of digital tool use), one-way analysis
of variance (ANOVA) was used to test for significant
differences in mean scores across groups. Games-Howell
post-hoc tests were applied when ANOVA results were
statistically significant. This method was preferred because
it does not assume homogeneity of variance and is robust
to unequal sample sizes.

Additionally, chi-square tests of independence were used
to investigate associations between categorical variables
such as education leveland frequency of digital technology
use. All statistical tests were two-tailed, and results were
considered significant at p<0.05.

RESULTS

This section presents the results of statistical analyses
examining the digital literacy levels of nurses in digital
and non-digital hospitals. First, descriptive statistics
and reliability analyses are presented to summarize the
overall digital literacy scores. Subsequently, inferential
statistical tests such as independent-samples t-tests, one-
way ANOVAs, post-hoc comparisons, and chi-square tests
were used to evaluate the study hypotheses regarding
the effects of institution type, professional experience,
educational background, and digital usage patterns.

A total of 219 participants volunteered to take part in
the study as shown in Table 1. By age group, 43.8% of
participants were 34 years of age or younger, 24.7% were
35-45 years of age, and 31.5% were 46 years of age or older.
In terms of education, 10% had an associate degree or less,
73.5% had a bachelor’s degree, and 16.4% had a graduate
degree. More than half of the participants (53.4%) worked in
non-digital hospitals (46.6% in digital hospitals), and 56.6%
worked in administrative roles (43.4% in clinical roles).
Approximately 63.0% had 16 years or more of professional
experience; 20.5% had 10 years or less, and 16.4% had 11-15
years. Most participants reported using digital tools daily
(66.1%); 13.8% used digital tools several times a day, 13.3%
used them several times a week, and only 6.9% reported
never using digital tools.

As shown in Table 2, the 12-item Digital Literacy Scale
demonstrated excellent internal consistency with a
Cronbach’s alpha value of 0.948. This high alpha value
indicatesthattheitemsreliably measure asingle underlying
construct, reflecting high internal consistency of the scale.

The average digital literacy score is around 420 (on a
scale of 1-5) and the standard deviation is 0.84. Skewness
(-0.04) and kurtosis (-1.27) indicate that the distribution is
approximately symmetric and slightly flatter than normal
(platykurtic).

To examine the relationship between the daily frequency
of digital use among study participants and various
demographic factors, a chi-square test of independence
was performed. As shown in Table 3, only hospital type
showed a statistically significant relationship with the
frequency of use [y (3)=11.733, p=0.008]. This indicates that
daily digital usage differs between digital and non-digital
hospitals. In contrast, no significant relationship was found
between usage frequency and education level (p=0.090),
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age group (p=0.282), or years of experience (p=0.591). The one-way ANOVA results presented in Table 4 indicate
Although education, age, and experience do not show a no statistically significant differences in mean scores
significant relationship with the frequency with which staff among age, education, and professional experience
use digital tools, hospital type (digital or non-digital) does. categories. In practical terms, respondents’ age, highest

Table 1. Descriptive statistics

Variable Category n %
34 years and under 96 43.8
Age 35-45 54 24.7
46 years and over 69 315
Associate degree 22 10.0
Educational status Undergraduate degree 161 735
Postgraduate degree 36 16.4
Non-digital 17 53.4
Hospital type — -
Digital hospital 102 46.6
Service provided Administrative 124 56.6
Clinical 95 43.4
10 years and under 45 20.5
Professional experience 11-15 years 36 16.4
16 years and over 138 63.0
Never use 15 6.9
o A few times a week 29 133
Daily digital usage frequency Every day 14 061
Every few hours 30 13.8

Table 2. Reliability and distribution properties of the Digital Literacy Scale

Cronbach's alpha Number of items

0.948 12

n Mean SD Skewness Kurtosis
219 4.20 0.84 -0.04 -1.27

SD: Standard deviation

Table 3. Chi-square test results

Variable (chi-square) x2 (SD) P
Hospital type 11.733 (3) 0.008
Educational status 10.947 (6) 0.090
Age 7.442 (6) 0.282
Professional experience 4.636 (6) 0.591

SD: Standard deviation

Table 4. One-way ANOVA by age, education, experience and internet usage frequency

Factor F P
Age 2224 0.1m
Educational status 2223 0.m
Professional experience 1.902 0.152
Internet usage frequency 3214 0.001

ANOVA: One-way analysis of variance
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level of education, and length of work experience do not
appear to significantly affect mean scores.

The one-way ANOVA comparing groups based on daily
digital usage frequency reveals a significant difference in
mean scores [F (3,214)=5.920, p=0.001]. This result indicates
that there is a difference between usage frequency groups,
with at least one group’s mean score being significantly
different from the others. Given that the overall test
was significant, a post-hoc analysis was conducted to
determine which usage groups differed.

Games-Howell post-hoc comparisons are used to identify
specific groups that differ in mean scoresas shown in
Table 5. The analysis indicates that participants who use
digital tools “every few hours” scored significantly higher
thanthose who use them “every day”, “several times a week”,
and “never”: the average differences are approximately 0.32
(p=0.010), 0.71 (p=0.013), and 0.89 (p=0.018), respectively.
No other statistically significant pairwise differences were
found between usage frequency groups. In summary, more
frequent digital use (multiple times per day) is associated
with higher average scores, while other usage groups do
not differ significantly from one another.

The independent-samples t-test comparing the average
scores of staff working in non-digital and digital hospitals
found a statistically significant difference (t=-2.045,
p=0.042), as presented in Table 6. Participants working in
digital hospitals reported a higher average score (x=4.3235)
than those working in non-digital hospitals (x=4.0919).
The findings show the positive effect of working in digital
hospitals on nurses’ digital literacy levels.

An independent-samples t-test comparing administrative
and clinical service groups found no significant difference
in mean scores (t=-0.623, p=0.534). Employees in
administrative roles (x=4.1687) and employees in clinical
roles (x=4.2404) had very similar mean scores. This
indicates that there is no significant difference in the mean
score on the scale between service types (administrative
and clinical).

When the established hypotheses were examined, HI was
accepted because the digital literacy of nurses working in
hospitals differed significantly according to the hospitals’
digital level. However, H2 was only partially accepted
because asignificant difference ininternet usage frequency
(H2e) was observed across demographic groups.

Table 5. Games-Howell post-hoc analysis

(1) Usage frequency (J) Usage frequency :'Ii_eja;n difference Std. error ) ?:vzfl Z;;ﬁf’l
A few times a week -0.18429 0.32625 0.942 -1.0694 0.7009

| never use it Every day -0.57049 0.26343 0.175 -1.3244 0.1835
Every few hours -0.89167* 0.26581 0.018 -1.6497 -0.1336
Never use 0.18429 0.32625 0.942 -0.7009 1.0694

A few times a week Every day -0.38619 0.21406 0.289 -0.9642 0.1918
Every few hours -0.70738* 0.21699 0.013 -1.2922 -0.1226
Never use 0.57049 0.26343 0.175 -0.1835 13244

Every day A few times a week 0.38619 0.21406 0.289 -0.1918 0.9642
Every few hours -0.32118* 0.10021 0.010 -0.5840 -0.0584
Never use 0.89167* 0.26581 0.018 0.1336 1.6497

Every few hours A few times a week 0.70738* 0.21699 0.013 0.1226 1.2922
Every day 0.32118* 0.10021 0.010 0.0584 0.5840

*The mean difference is significant at the 0.05 level

Table 6. Independent sample t-test results

Groups mean +SD t P

Non-digital hospital 4.0919£0.8382

-2.045 0.042
Digital hospital £4.3235+0.8336
Administrative service 4.1687+0.8353
-0.623 0.534
Clinical service 4.2404+0.8538
SD: Standard deviation
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DISCUSSION

Digitalization plays a crucial role in healthcare delivery,
just as it does in every other aspect of life. This study aims
to compare the digital literacy levels of nurses working in
digital and non-digital hospitals and to examine the impact
of demographic and professional characteristics on digital
literacy. The findings reveal that nurses working in digital
hospitals have significantly higher levels of digital literacy
than their colleagues in non-digital hospitals. This supports
the hypothesis that institutional digital infrastructure can
positively influence individuals' interactions with, and
proficiency in using, digital tools.

The findings of the current study are consistent with
those of Erbir” and, Sahin and Secer,”® but they also reveal
significant differences. Consistent with both studies,
the current research shows that more frequent digital
interaction (such as daily use of digital tools) is associated
with higher levels of digital literacy among nurses.
This supports the idea that regular exposure to digital
environments develops practical digital competencies.
However, contrary to the findings of Sahin and Secer,® who
reported significant differences in digital literacy based
on age and gender, the current study did not observe
statistically significant differences between age groups
or between male and female participants. Similarly, while
Erbir” found that younger nurses and those with less
experience had higher digital literacy scores, no such
difference emerged in this study. The differing findings may
stem from contextual factors such as regional differences
in institutional infrastructure or educational practices.

The findings of this study align with existing research
indicating that nurses in digitally advanced hospitals tend
to have higher digital literacy than those in less digitally
advanced hospitals. Comparcini et al.”” found that nurses
exposed to a greater number of digital resources scored
significantly higher on digital health literacy assessments,
thereby supporting the idea that digitalization promotes
digital competence. Similarly, Hariyati et al?° reported
that nurses in managerial roles and with higher education
levels, often associated with institutions with greater digital
integration, demonstrated better digital information skills,
which further emphasized the impact of professional
context and organizational support.

Additionally, these studies emphasize that demographic
factors such as age, education, and position in the
nursing hierarchy influence digital literacy levels through
interaction with the digital environment. For example,
Hariyati et al?° highlighted the relationship between
educational level and computer literacy, underscoring
the need to tailor digital literacy programs to these
characteristics?® Furthermore, it has been argued that
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infrastructure and continuous professional development
opportunities are vital for nurses to develop their digital
skills and adapt to changing health technologies.?

Study Limitations

The study should be evaluated with certain limitations
in mind. The study was conducted among nurses at two
hospitals; therefore, the sample is not generalizable. In
addition, the cross-sectional design of the study is another
limitation.

CONCLUSION

This study provides an important overview of how
digitalization shapes nurses' professional practices
and, in particular, their digital literacy levels. From this
perspective, digital hospitals and high digital literacy
among healthcare workers are of substantial importance.
The results emphasize the positive effect of working in
digitally integrated hospital environments on nurses’
digital literacy. Furthermore, frequent use of digital
tools plays an important role in strengthening digital
competence among healthcare workers. This information
underscores the importance of continuous digital
interactions and infrastructure investments in healthcare
settings. Considering the study results and existing
literature demonstrating the contribution of digitalization
to nurses’ care processes, increasing the number of digital
hospitals would be beneficial. Furthermore, strengthening
the educational curriculum and organizing in-house
training programs aimed at developing nurses’ digital skills
appear to be important requirements. Further research
is recommended to investigate longitudinal effects and
assess how digital literacy impacts clinical outcomes and
patient care efficiency.
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ABSTRACT

Objective: Metastatic colorectal cancer (NCRC) remains a major global health challenge with highly
variable survival outcomes. Both tumor-related and host-related factors contribute to prognosis, yet the
combined influence of comorbidity burden, rat sarcoma (RAS) mutation status, and age has not been
clearly established. This study aimed to evaluate the prognostic impact of the Charlson Comorbidity
index (CCl), RAS mutation status, and age on overall survival (OS) and progression-free survival (PFS) in
patients with mCRC.

Methods: A retrospective analysis was conducted on 446 patients with histologically confirmed mCRC
treated at a tertiary oncology center between 2010 and 2016. Demographic, clinical, and molecular data
were collected. OS and PFS were analyzed using Kaplan-Meier estimates and compared with log-rank
tests. Independent prognostic factors were determined using multivariate Cox proportional hazards
models.

Results: Among 446 patients, 56.7% had a CCl 27 and 38.6% were aged 265 years; 48.7% harbored RAS
mutations. Higher comorbidity burden (CCl 27) was significantly associated with shorter OS and PFS
(OS: 27.4 vs. 46.8 months, p<0.001; PFS: 31.2 vs. 41.6 months, p=0.002). Multivariate analysis confirmed
CClI 27 [hazard ratio (HR) =1.82, 95% confidence interval (Cl) 1.31-2.52, p<0.001] and RAS mutation (HR
=1.47,95% C11.08-2.00, p=0.014) as independent predictors of poorer OS, whereas age lost significance
after adjustment.

Conclusion: CCl and RAS mutation status independently predict worse OS and PFS in mCRC.
Incorporating comorbidity assessment into prognostic models may enhance personalized treatment
strategies in real-world practice.

Keywords: Metastatic colorectal cancer, Charlson Comorbidity index, RAS mutation, overall survival,
progression-free survival

oz

Amag: Metastatik kolorektal kanser (mKRK), dinya genelinde yuksek mortaliteye sahip &nemli
bir saglik sorunudur ve hastalar arasinda sagkalim sonuclari degiskendir. Tumorle ve hasta ile iligkili
faktorlerin her ikisi de prognozu etkilemektedir; ancak komorbidite yukl, RAS mutasyon durumu ve
yasin birlikte sagkalim Uzerindeki etkisi yeterince aydinlatilamamistir. Bu ¢alismanin amaci, mKRK
hastalarda Charlson Komorbidite indeksi (CCl), RAS mutasyon durumu ve yasin genel sagkalim (OS) ve
progresyonsuz sagkalim (PFS) tzerindeki prognostik etkisini degerlendirmektir.

Yéntem: 2010-2016 yillari arasinda Ug¢lnct basamak onkoloji merkezinde tedavi goren, histolojik olarak
dogrulanmis mKRK tanili 446 hastanin retrospektif analizi yapilmistir. Demografik, klinik ve molekuler
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veriler toplanmistir. OS ve PFS, Kaplan-Meier ydntemleriyle analiz edilerek log-rank testleri ile karsilastirilmis; bagimsiz prognostik faktorler cok

degiskenli Cox regresyon modeli ile belirlenmistir.

Bulgular: Dért yuz kirk alti hastanin %56,7'sinde CCl 27, %38,6'sinda yas 265 yil ve %48,7'sinde RAS mutasyonu saptanmistir. Yiksek komorbidite
yukt (CCl 27), anlamli olarak daha kisa GS (27,4 vs. 46,8 ay; p<0,001) ve PFS (31,2 vs. 41,6 ay; p=0,002) ile iliskili bulunmustur. Cok degiskenli analizde
CClI 27 [risk orani (HR) =1,82; %95 gliven araligi (GA): 1,31-2,52; p<0,001] ve RAS mutasyonu (HR =1,47; %95 GA:1,08-2,00; p=0,014) bagimsiz olarak
daha kot OS ile iliskili bulunmus; yas ayarlama sonrasi anlamliligini kaybetmistir.

Sonug: CCl ve RAS mutasyon durumu, mKRK'de bagimsiz olarak daha kotl genel ve PFS dngdrmektedir. Komorbidite degerlendirmesinin
prognostik modellerde yer almasi, gercek yasam pratiginde kisisellestirilmis tedavi stratejilerinin gelistirilmesine katki saglayabilir.

Anahtar Kelimeler: Metastatik kolorektal kanser, Charlson Komorbidite indeksi, RAS mutasyonu, genel sagkalim, progresyonsuz sagkalim

INTRODUCTION

Colorectal cancer (CRC) remains one of the leading causes
of cancer-related morbidity and mortality worldwide,
ranking third in incidence and second in cancer-related
deaths.! Advances in molecular profiling and targeted
therapies have improved outcomes for patients with
metastatic CRC (mCRC); however, survival remains highly
variable and is influenced by both tumor-related and
host-related factors?* Among these factors, patients’
comorbidity burden and molecular alterations, such as RAS
mutations, are increasingly recognized as key determinants
of prognosis and treatment response.*>

The Charlson Comorbidity index (CCl) is a widely validated
tool that quantifies comorbidity burden by assigning
weighted scores to various chronic diseases, providing an
estimate of 10-year mortality risk.® Several studies have shown
that a higher CCI score is associated with poorer survival
across multiple malignancies, including CRC’? However,
limited data exist regarding its prognostic relevance in
patients with metastatic disease, especially in real-world
settings where comorbidity burden can strongly influence
treatment selection and tolerability.

In addition to comorbidities, RAS mutations are among
the most clinically relevant molecular markers in CRC.0™
These mutations are known predictors of resistance to
anti-epidermal growth factor receptor (EGFR) therapies
and are often associated with distinct tumor biology and
outcomes.” While both CCl and RAS mutation status have
been individually linked to survival, their combined and
age-adjusted impact on real-world survival outcomes,
including overall survival (OS) and progression-free survival
(PFS), has not been well characterized.

Therefore, this study aimed to evaluate the prognostic
significance of CCI, RAS mutation status, and age in
patients with mCRC treated at a tertiary oncology center.
By integrating clinical, molecular, and comorbidity data,
this analysis provides a comprehensive assessment of host-
and tumor-related factors influencing both overall and PFS
in a real-world mCRC cohort.

METHODS
Study Design and Population

This retrospective, single-center study included adult
patients (218 years) diagnosed with CRC and followed at
a tertiary medical oncology center between January 2010
and December 2016.

Patients were eligible if they had a confirmed diagnosis
of mCRC at presentation or during follow-up, underwent
RAS mutation analysis, received systemic treatment and
follow-up care at our tertiary medical oncology center, and
had complete clinical, pathological, and survival data.

Patients were excluded if they lacked confirmed metastatic
disease, had incomplete records, were lost to follow-up, or
were treated exclusively at external centers. After applying
these criteria, 446 patients were included in the final
analysis.

Data Collection and Variables

Demographic, clinical, and pathological data were
retrospectively collected from hospital records. Collected
variables included age at diagnosis, sex, tumor stage at
presentation, tumor location (right- vs. left-sided), primary
site (colon vs. rectum), comorbidity burden (CCl), and RAS
mutation status. Molecular analyses included RAS [Kirsten
rat sarcoma (KRAS), neuroblastoma rat sarcoma (NRAS)]
and B-raf proto-oncogene (BRAF) mutation status with
codon-specific evaluation (codons 12, 13, and 61 for KRAS/
NRAS; codons 600 and 464 for BRAF). Mutation detection
was conducted using validated PCR-based assays, including
nested PCR, minisequencing, and allele-specific real-time
PCR performed on the COBAS z480 platform.

The CCIl was calculated according to the original scoring
system described by Charlson et al.® age adjustment was
performed using the Quan modification, in which 1 point is
added for each decade above 50 years (i.e., 50-59 = +1, 60—
69=+2,70-79=+3,280 = +4).*For the age-adjusted version,
one additional point was assigned for each decade above
50 years. The index includes major comorbid conditions
such as cardiovascular, pulmonary, hepatic, renal, and
metabolic diseases, as well as malignancy and AIDS,
each weighted according to its impact on mortality risk.
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The total score represents the patient’s overall comorbidity
burden.

Tumor stage was determined according to the 8™ edition of
the American Joint Committee on Cancer staging system.*
Baseline laboratory dataincluded serum carcinoembryonic
antigen and carbohydrate antigen 19-9 levels.

Survival Definitions and Follow-Up

OS was defined as the interval between the date of CRC
diagnosis and either death from any cause or the date
of last follow-up. The last follow-up date for survival
ascertainment was March 2022. Survival outcomes were
obtained from institutional medical records and verified
against the national death registry to ensure their accuracy.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 25.0 (IBM Corp., Armonk,
NY, USA). Descriptive statistics were used to summarize
patient characteristics. Continuous variables
expressed as mean * standard deviation (SD) or median
(range), depending on the distribution, while categorical
variables were summarized as counts and percentages.

were

The CCI was analyzed both as a continuous variable and
as a dichotomized variable according to the median value
(CCl <7 vs. 27) to evaluate its prognostic impact. Group
comparisons for categorical variables (e.g., RAS mutation
status, tumor location, age group) were performed using
the chi-square (y?) test or Fisher's exact test, as appropriate.
Pearson’s and Spearman’s correlation coefficients were
calculated to assess associations between ordinal or
interval variables.

PFS was defined as the time from diagnosis of metastatic
disease to documented disease progression or death from
any cause, whichever occurred first. OS was defined as the
time from the date of CRC diagnosis to death from any
cause or to the last follow-up. PFS analysis was performed
in 416 patients with available follow-up data, whereas
OS was assessed in the entire cohort of 446 patients.
Survival distributions were estimated using the Kaplan-
Meier method, and comparisons between groups were
performed using the Log-rank (Mantel-Cox) and Breslow
(Generalized Wilcoxon) tests.

To examine the independent effect of clinical and
pathological variables on survival, Cox proportional
hazards regression analyses were conducted. Variables
with a p value <0.10 in univariate analysis were included in
the multivariate model. Hazard ratios and 95% confidence
intervals were reported. A two-tailed p value 0.05 was
considered statistically significant for all analyses.
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Ethical Considerations

Ethics committee approval was obtained from the Non-
Interventional Research Ethics Committee of Dokuz Eylul
University (decision number: 2021/01-07, date: 04.01.2021).

RESULTS

Patient Characteristics and Demographic Data

A total of 446 patients were included in the analysis, of
whom 165 (37.0%) were female and 281 (63.0%) were male.
The mean age was 59.7%11.6 years, with 65.7% (n=293) of
patients aged 265 years. The majority of patients were
diagnosed with colon cancer (85.2%; n=380), while 14.8%
(n=66) were diagnosed with rectal cancer.

The primary tumor was located in the left colon in 77.6% of
patients (n=346) and in the right colon in 22.4% (n=100). At
the time of diagnosis, 60.5% (n=270) of patients presented
with stage |V disease.

Atinitial diagnosis, the most frequent site of metastasis was
the liver (38.6%, n=172), followed by the lung (9.6%, n=43).
During follow-up, secondary metastases most commonly
involved the liver (72.2%, n=322) and lung (59.0%, n=263).

Charlson Comorbidity Index Distribution

CCl ranged from O to 14 (mean * SD, 6.66%2.61; median:
7). The majority of patients had a moderate-to-high
comorbidity burden (CCl 26). The most common scores
were 7 (17.5%) and 8 (16.8%). Only a small proportion of
patients had minimal comorbidity (CCl <2, 7.6%).

Mutation Status

In the whole cohort, 200 patients (44.8%) harbored RAS
mutations. Among RAS mutations, KRAS alterations
were most frequent (42.1%, n=188), followed by BRAF
alterations (3.8%, n=17) and NRAS alterations (3.6%, n=16).
Within the KRAS-mutant subgroup, codon 12 mutations
predominated (30.3%, n=135), followed by codon 13
mutations (9.2%, n=41) and codon 61 mutations (2.7%,
n=12). NRAS mutations occurred mainly at codon 61 (1.6%),
while BRAF mutations were primarily at codon 600 (3.4%).

Progression-Free Survival According to Comorbidity
Burden

Kaplan-Meier analysis demonstrated a significant
association between CCl and PFS in patients with mCRC.
Patients with lower comorbidity scores (CCl <7) had a
median PFS of 18.2 months (95% Cl: 15.4-21.0), whereas
those with higher scores (CCl 27) had a median PFS of 9.9
months (95% Cl: 8.1-11.6). The mean estimated PFS was
28.2+2.1 months for the low-CCl group and 17.2%1.3 months
for the high-CCl group. The difference between survival
distributions was statistically significant according to both



the Log-Rank test (y2 =26.48, p<0.001) and the Breslow test
(2 =37.48, p<0.001) (Table 1). These findings indicate that
patients with a higher comorbidity burden experience
significantly shorter PFS.

Overall Survival According to Comorbidity Burden

Kaplan-Meier analysis revealed that CCl was significantly
associated with OS in patients with mCRC. Patients with
CCl <7 had a median OS of 52.9 months (95% Cl: 46.2-
59.6), whereas those with CCl 27 had a markedly shorter
median OS of 27.8 months (95% ClI: 23.9-31.7) (Figure 1). The
mean estimated OS was 64.7+3.4 months for patients with
low CCl and 41.9£31.1 months for those with high CCl (The
mean OS estimate in the high-CCl group was affected by
censoring, resulting in a large standard error).

The difference in OS between the two groups was
statistically significant according to both the Log-Rank test
(2 =25.51, p<0.001) and the Breslow test (x> =41.91, p<0.001).
Censoring rates were 249% in the CClI <7
group and 15.0% in the CCl 27 group (Table 2).
These findings indicate that a higher comorbidity burden is
associated with substantially poorer OS.

ATACA et al. Clinical and Molecular Prognosis in mCRC

Association Between RAS Mutation Status and
Comorbidity Burden

A significant association was observed between RAS
mutation status and CCI group (Table 3). Among patients
with RAS wild-type (RAS WT) tumors, 50.8% had CCI <7,
whereas 49.2% had CCl 27.

Log Survival Function

o mCCl
<7

~4717 and above

—+—<7 -censored

—t—7 and above-censored

-2

Log Survival

-4

T T T
100,00 150,00 200,00

OS month

T
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Figure 1. Kaplan-Meier curves for overall survival (OS)
according to Charlson Comorbidity index (CCI) group

Table 1. Comparison of PFS between comorbidity groups based on median CCl (n=416)

CCl group | Mean PFS (months) £ SE | 95% Cl (mean) nglan PFS (months) 95% Cl (median) | Events (n) | Log-rank p
<7 28.23+2.06 24.20-32.27 18.20%1.45 15.36-21.05 181 <0.001
>7 17.17+1.28 14.67-19.68 9.87+0.89 8.11-11.62 235
Overall 21.99+1.18 19.67-24.30 13.77+0.77 12.26-15.27 416
CCl: Charlson Comorbidity index, OS: Overall survival, PFS: Progression-free survival, Cl: Confidence interval, SE: Standard error
Table 2. OS according to CCl group (n=446)
95% Cl Median OS 95% ClI o
CCl group | Mean OS (months) * SE (mean) (months) * SE | (median) Events (n) | Censored (%) | Log-rank p
<7 64.69t3.36 58.11-71.27 52.90+3.40 46.23-59.57 145 249 % <0.001
>7 41.86%31.06 0-1027.3* 27.80%1.98 23.91-31.69 215 15.0 %
Overall 38.10%2.28 33.63-42.57 — — 360 193 %

*Wide Cl due to right censoring at longest follow-up time.

CCl: Charlson Comorbidity index, OS: Overall survival, PFS: Progression-free survival, Cl: Confidence interval, SE: Standard error

Table 3. Association between RAS mutation status and CCl group (n=446)

RAS mutation status

CClI <7 (n, %)

CClI 27 (n, %)

Total (n, %)

RAS wild-type 125 (50.8%) 121 (49.2%) 246 (55.2%)
RAS mutant 68 (34.0%) 132 (66.0%) 200 (44.8%)
Total 193 (43.3%) 253 (56.7%) 446 (100%)

Pearson 2 =12.70, df =1, p<0.001, Spearman’s p=0.169, p<0.001
CCl: Charlson Comorbidity index, RAS: Rat sarcoma
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In contrast, patients with RAS-mutant tumors had a
higher comorbidity burden: 66.0% had CCl 27. The
difference in distribution between RAS mutation groups
was statistically significant (> =12.70, p<0.001). A weak
but significant positive correlation was found between
RAS mutation status and comorbidity level (Spearman’s
p=0.169, p<0.001), indicating that RAS-mutant patients
tended to present with higher CCl scores.

Association Between Comorbidity Burden and
Primary Tumor Sidedness

No statistically significant association was found between
CCl group and primary tumor sidedness. Among patients
with CCI <7, 81.3% had left-sided tumors and 18.7% had
right-sided tumors. In those with CCl 27, 74.7% had left-
sided tumors and 25.3% had right-sided tumors. Although
right-sided tumors were numerically more frequent in
patients with higher comorbidity burden, this difference
did not reach statistical significance (x> =2.78, p=0.096).
The weak negative correlation between CCI and tumor
sidedness (Spearman’s p=-0.079, p=0.096) also did not
indicate a meaningful relationship.

Progression-Free Survival According to Age Group

The mean age at diagnosis was 61.1£11.8 years. Patients
were dichotomized into two age groups: <65 years (n=259)
and 265 years (n=157). Kaplan-Meier analysis revealed no
significant difference in PFS between the two age groups.

The median PFS was 13.9 months (95% ClI: 12.1-15.7)
for patients aged <65 years and 13.0 months (95% Cl:
10.2-15.8) for those aged 265 years (Log-rank test: y?
=2.60, p=0.107). Similarly, the Breslow (Wilcoxon) test
did not indicate a significant difference (p=0.641).
These findings suggest that age at diagnosis was not a
determining factor for PFS in this cohort.

Overall Survival According to Age Group

When stratified by age, 274 patients (61.4%) were younger
than 65 years and 172 patients (38.6%) were 65 years or
older. Kaplan-Meier survival analysis demonstrated a
significant difference in OS between the two groups (Log-
rank y? =7.62, p=0.006; Breslow y? =7.20, p=0.007) (Figure
2). The median OS was 40.7 months (95% Cl: 34.6-46.8) in
patients aged <65 years, compared with 30.2 months (95%

Cl:22.1-38.3) in those aged 265 years (Table 4). Although the
mean OS estimate was numerically higher in the younger
group, this estimate was limited by censoring. These results
indicate that older age was associated with shorter OS in
this cohort.

Overall Survival by Age Group Stratified According
to Charlson Comorbidity Index

When analyses were stratified by CCl level, the impact of
age on OS was not statistically significant after adjustment.
Among patients with CCl below the median (<7), the
median OS was 50.7 months (95% Cl: 42.6-58.8) for patients
aged <65 years and 58.5 months (95% Cl: 39.6-77.3) for
those aged 265 years. In contrast, among patients with CCl
>7, the median OS was 30.7 months (95% Cl: 21.6-39.8) for
younger patients and 24.2 months (95% Cl: 19.5-28.9) for
older patients. The log-rank test, adjusted for CCl, did not
show a significant difference in OS between age groups (3
=277, p=0.096; Breslow y2 =1.58, p=0.209) (Table 5).

Log Survival Function

According to age

{—1<65 years
/165 years and above
{~+—<65 years-censored

|, 65 years and above-
' censored

Log Survival
[
1

-4

T T T T
00 50,00 100,00 150,00 200,00
OS month

Figure 2. Kaplan-Meier curves for OS according to age
group
OS: Overall survival

Table 4. OS according to age group

Age group n Events (n) Censored (%) | Median OS (months) 95% ClI Log-rank p Breslow p
<65 years 274 218 20.4 40.7 34.6-46.8 | 0.006 0.007
265 years 172 142 17.4 30.2 22.1-38.3

Overall 446 360 19.3 38.1 33.6-42.6

OS: Overall survival, Cl: Confidence interval
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Table 5. OS by age group, stratified according to CCI
Censored | Median OS o .
CCl group | Age group n Events (n) (%) (months) 95% ClI Log-rank p (adjusted) | Breslow p
<65 years 143 12 217 50.7 42.6-58.8
CClI<7
265 years 50 33 34.0 585 39.6-77.3
ccls7 <65 years 131 106 19.1 30.7 21.6-39.8
h >65 years 122 109 10.7 24.2 19.5-28.9
Overall 446 |360 19.3 38.1 33.6-42.6 | 0.096 0.209
CClI: Charlson Comorbidity index, OS: Overall survival, Cl: Confidence interval

DISCUSSION

In our single-centre retrospective cohort of 446 patients
with mCRC, we found that a higher comorbidity burden,
older age, and RAS mutation status were each associated
with poorer survival outcomes. Specifically, patients with
CClI 27 had significantly shorter PFS and OS than those with
CCI <7; RAS-mutant patients were more likely to have a
high CCl; and older age was strongly associated with worse
OS, although the effect on PFS was less pronounced. These
findings highlight the importance of integrating host-
related factors (age, comorbidities) with tumour molecular
features in prognostic modelling of mCRC.

The demographic and clinical characteristics observed
in this study are consistent with previously reported
epidemiologic patterns of CRC, including a predominance
of older patients and males, and a higher frequency
of left-sided tumors! The high proportion of patients
presenting with stage IV disease could be related our
selection criteria , while the liver and lung remained the
most common sites of metastasis, as documented in prior
studies.! The overall RAS mutation frequency (44.8%) aligns
with large multicenter analyses reporting mutation rates of
approximately 40-50% in mCRC.®

Our findings reinforce the prognostic importance
of comorbidity in mCRC. Patients with higher CCI
experienced nearly twofold reductions in both PFS and OS
compared with patients with lower comorbidity burden.
This is consistent with prior studies demonstrating that
comorbidities negatively influence treatment tolerance,
clinical decision-making, and long-term outcomes in
CRC/¢® Population-based analyses have also shown that
comorbidity independently predicts cancer-specific
mortality regardless of stage or treatment modality."”

The mechanisms wunderlying this association are
likely multifactorial. Chronic comorbidities such as
cardiovascular, pulmonary, or metabolic disorders can
impair physiological reserve, limit the ability to undergo
intensive systemic therapies, and exacerbate treatment-
related toxicities. Furthermore, comorbidity-associated

inflammation and immune dysregulation may promote
tumor progression and reduce therapeutic efficacy.
Therefore, comorbidity assessment should be an integral
component of baseline evaluation and prognostic
modeling in patients with mCRC.

An intriguing observation in our study was the positive
association between RAS mutation and a higher
comorbidity burden. Patients with RAS-mutant tumors
were significantly more likely to have a CC| 27 compared
with RAS WT counterparts. Similar patterns have been
reported in population-based datasets, where RAS-mutant
mCRC patients demonstrated increased comorbidity
and poorer outcomes?® The biological basis for this
relationship remains speculative, but may involve shared
molecular mechanisms linking metabolic dysregulation,
inflammation, and RAS-driven carcinogenesis. These
findings suggest that host systemic health may influence or
reflect tumor biology, emphasizing the need for integrated
clinical-molecular risk stratification.

Age alone was not associated with differences in PFS,
implying comparable disease control under treatment
in both younger and older patients. However, OS was
significantly shorter in older patients, likely reflecting the
cumulative effects of frailty, comorbidities, and reduced
tolerance to systemic therapy, rather than intrinsic
tumor aggressiveness3” Importantly, after adjustment for
comorbidity (CCl), the prognostic effect of age on OS was
no longer significant, suggesting that comorbidity burden,
rather than chronological age, is the dominant determinant
of long-term survival. This finding aligns with prior reports
that the adverse effect of aging on CRC outcomes is largely
mediated through comorbid conditions and functional
decline?

Our results highlight the prognostic value of systematically
incorporating  comorbidity  assessment into the
management of mCRC. Relying solely on age or tumor
stage may underestimate the heterogeneity in treatment
tolerance and outcomes among mCRC patients. Because
of its simplicity and reproducibility, CCl remains a practical
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and informative tool for prognostic stratification and
individualized therapy planning, particularly in older or
medically complex patients.

Study Limitations

Our study has several limitations. Its retrospective, single-
center design may Llimit external validity. Moreover,
treatment heterogeneity (chemotherapy regimens, anti-
EGFR use, or treatment lines) was not analyzed in detail
and may partly explain survival differences. Nevertheless,
our cohort represents a real-world population, enhancing
the generalizability of these findings to clinical practice.

CONCLUSION

In summary, this study demonstrates that a higher
comorbidity burden, older age, and RAS mutation status
are significant determinants of survival in mCRC. CCI
provides clinically relevant prognostic information beyond
traditional tumor features. Incorporating comorbidities
and molecular data into prognostic models may improve
risk stratification and guide individualized management
strategies for patients with mCRC.
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ABSTRACT

Objective: This study aimed to compare neurological and ophthalmological findings with diffusion
tensor magnetic resonance imaging (DTMRI) results in patients with periventricular leukomalacia (PVL).

Methods: This prospective study included 24 premature infants with PVL diagnosed by cranial
ultrasonography (USG) or magnetic resonance imaging (MRI). Neurological and comprehensive
ophthalmological evaluations were conducted at 3, 6, and 12 months of corrected age. MRl was
performed on a 3-Tesla scanner, and DTMRI data were analyzed for fractional anisotropy (FA) and other
diffusion parameters. Statistical analyses were performed using SPSS software, with p<0.05 considered
significant.

Results: Our study included 11 preterm patients with PVL, of whom 72.7% developed cerebral palsy
(CP) by 6 months' corrected age. Cranial USG detected PVL in 63.3% of patients, whereas MRI identified
PVL of varying severity: mild (54.5%), moderate (18.2%), and severe (27.3%). Neurological examinations
revealed increased muscle tone and brisk deep tendon reflexes (DTRs), findings consistent with early
indicators of CP. Ophthalmologic assessments indicated normal light fixation and tracking in most
patients, though visual evoked potentials (VEPs) revealed abnormalities in 63.6% of patients. In the
DTMRI results, right optic tract, FA values were found to be significantly lower in the patient group
compared to the control group (p=0.010).

Conclusion: Early neurological signs, such as increased muscle tone and brisk DTRs, are predictive
of subsequent CP. Despite improvements in visual tracking, VEP abnormalities highlight the need
for comprehensive neuro-ophthalmological evaluations in preterm infants. DTMRI provides valuable
insights into white matter microstructure and may help predict neurological and ophthalmological
outcomes in infants with PVL.

Keywords: Periventricular leukomalacia, premature, cerebral visual impairment, visual evoked
potentials, diffusion tensor magnetic resonance imaging
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0z

Amag: Bu calisma, periventrikuler 6komalazili (PVL) hastalarda nérolojik ve oftalmolojik bulgularin difizyon tensor manyetik rezonans
gorintuleme (DTMRG) sonuglariyla karsilastirilmasini amaclamistir.

Yéntem: Prospektif olarak yuratilen bu ¢alismaya, kranial ultrasonografi (USG) veya manyetik rezonans gértintileme (MRQ) ile PVL tanisi konulan
24 prematire bebek dahil edilmistir. Nérolojik ve kapsamli oftalmolojik degerlendirmeler dizeltilmis yasin 3., 6. ve 12. aylarinda yapilmistir.
Goéruntulemeler 3 Tesla cihazla gerceklestirilmis, DTMRG verileri fraksiyonel anizotropi (FA) ve diger difuizyon parametreleri acisindan analiz
edilmistir. Istatistiksel analizler SPSS yazilimi kullanilarak yapilmis, p<0,05 degeri anlamli kabul edilmistir.

Bulgular: Calismaya dahil edilen 11 premattre PVL tanili hastanin %72,7'sinde dlzeltilmis altinci ayda serebral palsi (SP) gelismistir. Kranial USG
ile PVL olgularinin %63,3'tinde saptanirken, MRG bulgularina gére hastalarin %54,5'1 hafif, %18,2'si orta, %27,3'U agir diuzeyde PVL saptanmistir.
Norolojik muayenelerde artmis kas tonusu ve canli derin tendon refleksleri (DTR) erken SP gdstergeleriyle uyumlu bulunmustur. Oftalmolojik
degerlendirmelerde ¢cogu olguda isik fiksasyonu ve takibi normal olmasina ragmen, gérsel uyarilmis potansiyellerin (VEPs) %63,6'sinda anormallikler
saptanmistir. DTMRGC analizinde hasta grubunda sag optik trakt FA degerleri kontrol grubuna gére anlamli derecede dusuk bulunmustur (p=0,010).
Sonug: Erken dénemde saptanan artmis kas tonusu ve canli DTR gibi nérolojik bulgular ileride gelisebilecek SP icin 6ngortct olabilir.
Oftalmolojik anormal bulgular izlemde dizelmesine ragmen devam eden VEP anormallikleri, premattre bebeklerde kapsamli néro-oftalmolojik
degerlendirmenin gerekliligini vurgulamaktadir. Diftizyon tensor MRG goérintileme, PVLye eslik eden motor ve duysal bozukluklarin
patofizyolojisini anlamada degerli bilgiler sunmaktadir.

Anahtar Kelimeler: Periventrikiler [6komalazi, premature, serebral gérme bozuklugu, gérsel uyarilmis potansiyeller, diflizyon tensor manyetik

rezonans goéruntuleme

INTRODUCTION

Periventricular  leukomalacia (PVL) is a condition
characterized by ischemic injury to the white matter,
especially in premature infants. It is the leading cause
of cerebral palsy (CP) in preterm infants! Today, the
incidence of PVL is increasing in parallel with the survival
rates of premature infants.? With the development of more
sensitive imaging techniques, such as magnetic resonance
imaging (MRI), the detection rate of PVL has increased.
Despite these advances, not all cases can be detected by
conventionalradiological examinations. Some cases can be
diagnosed at school age, when they cause neurocognitive
and behavioral problems? The pathogenesis of PVL
remains unclear, though ischemia, hypoperfusion, and
hypoxia are considered key initiating factors leading to
oligodendrocyte precursor cell damage, axonal injury,
and necrosis. Damage occurs in areas reperfused after
ischemia. Destruction of oligodendrocyte precursor cells
in the periventricular area leads to axonal damage and
necrosis.*

The consequences of PVL can vary significantly, ocular
problems are frequently encountered in affected infants
because the periventricular area is adjacent to the optic
nerve fibers®> The consequences of PVL may range from
severe cerebral visual impairment (CVI) accompanied by
CP to milder conditions such as strabismus and learning
disabilities.>¢ Visual acuity in patients with CVI due to
damage to the periventricular areas or to generalized
hypoxic encephalopathy can vary widely. This condition
has become the leading non-ocular cause of visual
impairmentin the developed world.” Although visual acuity
is often reduced, it can range from no light perception to
20/20 vision, with some individuals exhibiting symptoms
solely attributable to CVI.¢
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In the past, early-stage PVL was diagnosed based on
repeated neurological evaluations. Today, MRI can still
be used to diaghose PVL before clinical findings are fully
developed?®? It can provide information about PVL stage
and neuromotor status by assessing lateral ventricular
volume, white matter volume loss, and myelination status.
However, the fact that clinical findings in affected patients
do not always correspond to imaging results constitutes a
limitation of this technique®®

Diffusion tensor imaging (DTI) is a recently developed
technique that reveals the microstructural integrity of
the brain by imaging the motion of water molecules.®"
In white matter, the movement of water molecules varies
with axonal structure and myelination status'®© Water
molecules move along the axon. Thus, the localization
and spread of tracts can be visualized. Objective data from
DTl can be obtained as the apparent diffusion coefficient
(ADCQ), fractional anisotropy (FA), axial diffusion [(AD),
parallel to white matter fibers], and radial diffusion [(RD),
perpendicular to white matter fibers].” The FA value varies
with axonal myelination, orientation, number, density,
and other cellular components.® In studies of newborns,
increased FA and decreased ADC and RD values are
observed with increasing age, myelination, and axonal
growth. Increased myelin production reduces water
diffusion and ADC values. In addition, increased axon
diameter and greater longitudinal movement of water
molecules along the axon will increase FA.? Decreased FA
values and increased ADC values are observed in white
matter damage.?" This technique has recently been used,
especially in cases of PVL, and has provided more detailed
information about the extent of brain damage 81516

This study aimed to compare neurological and
ophthalmological findings with DTI findings in patients



with PVLand to investigate whether DTI findings contribute
to these patients’ neurological and ophthalmological
prognoses.

METHODS

In this prospective study, patients with a diagnosis of PVL
who were evaluated at three months of age or younger
were enrolled. The study was conducted at Ege University
Hospital. Demographic data, gestational age, gender, birth
weight, history of birth asphyxia or chorioamnionitis, the
need for and duration of mechanical ventilation, history
of sepsis, and maternal age were collected from all
participants.

Inclusion criteria encompassed the detection of PVL via
cranial ultrasonography (USG) and/or cranial MRI; the
presence or absence of Grade lintraventricular hemorrhage
(IVH); and stage 1 premature retinopathy (ROP). Exclusion
criteria included GCrade 2 or higher IVH, stages 2-3 ROP,
optic nerve atrophy, severe refractive errors, significant
genetic or cardiac anomalies, neurometabolic disorders,
hydrocephalus, and a ventriculoperitoneal shunt.

A total of 24 patients with a corrected age of 3 months or
less and PVL detected on cranial USG and/or cranial MR
were included in the study. Five patients were excluded
from the study because stages 2-3 ROP was detected. Four
patients who did not return for follow-up and two who
relocated to other cities were excluded from the study.
Two patients with PVL detected on USGC were excluded
from the study because their cranial MRl and neurological
examinations were normal. The study included eleven
patients.

The study received ethical approval from the Ege University
Clinical Research Ethics Committee (decision number: 12-
11.1/9, date: 27.12.2012). Participation was contingent on
obtaining informed consent from the patients’ parents.

Neurological Evaluation

The same physicians conducted neurological examinations
at three and six months of corrected age. Evaluations
included assessments of newborn reflexes, cranial nerve
function, light and sound responses (opticofacial reflex
and acoustic facial reflexes), gross motor function, and
psychomotor development.

Ophthalmological Examination

The  same physician performed a  thorough
ophthalmological evaluation at the third, fifth, and sixth
months of corrected age. In four patients (patient nos. 1, 3,
4,5), eye examinations were repeated at the twelfth month.
The evaluations included cycloplegic refractive error
assessment, oculomotor status (strabismus assessment),
anterior segment and fundus examinations, and flash

EKEMEN KELES et al. DTMRI in Preterm Infants with PVL

VEP recordings. Flash VEP responses were analyzed for
amplitude, latency, and configuration, with interpretation
based on our institution’s typical values for the same
age group. Given that the development of visual fixation
and object tracking typically occurs by six months of age,
examinations were targeted for this time frame.”

Radiological Techniques

Cranial USG was performed on all participants during
the neonatal period. Cranial MRl was performed if USG
detected PVL or if any suspicious findings appeared
before three months of corrected age. Only one patient,
a twin whose sibling had a PVL diagnosis, did not undergo
an MRI. In addition to early MRI, a second cranial MRI
was performed as part of the study protocol at 6 months
corrected age, and DTl acquisition, allowing both structural
PVL grading and microstructural diffusion assessment at
the same time point. All 6-month MRl and DTI scans were
acquired with a 3 Tesla MRI scanner (Siemens Magnetom
Verio 3 Tesla MRI and 16-channel head coil), 30 minutes
post-sedation. The radiological images were assessed by
a single neuroradiologist blinded to patient identities,
using the Flodmark criteria for grading PVL.® DTl data
were evaluated on diffusion-weighted images using
FSL software and eddy-current correction. Color-coded
maps were prepared using twenty-four directions. FA was
performed semi-automatically with the tract-based spatial
statistics (TBSS) method by the same operator, blinded
to the patients. FA values of all vectors of the determined
neuronal fibers were evaluated for both hemispheres.
Images containing FA values were arranged until they
reached a standard space of 1 x 1 x 1 mm3. The average FA
value and its skeleton were created. All images containing
the arranged FA value were transferred to the skeleton.
The average threshold value was 0.2. In this way, the results
were purified from the diversity in the peripheral neuronal
fibers in the cases and the partial effect of the gray matter.
A voxel-based statistical analysis was conducted to
compare FA, AD, RD, and ADC values between the patient
and control groups.

The DTI free-hand region-of-interest (ROI) method was
used to determine the patients’ FA values from the images,
and a single radiologist, blinded to clinical information,
manually delineated the ROIs for each patient. FA values
were measured in the genu and splenium of the corpus
callosum, the right and left internal capsules, the right
optic tract, and multiple regions of the left optic tract. They
were calculated by averaging the values.

Control Group Imaging Protocol

Seveninfantswere included in the control group. All control
patients underwent cranial MRI, diffusion MRI, and DTl at a
corrected age of 6 months for clinical indications (including
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nystagmus, macrocephaly, microcephaly, epilepsy, or
widespread cutaneous hemangiomas); therefore, no
healthy infants were imaged solely for research purposes.
MRI and DTI acquisitions in both the PVL and control
groups were performed on the same scanner (Siemens
Magnetom Verio 3T), using identical parameters (b-value
=1000 s/mm?, 24 diffusion directions, voxel size of 1 x 1 x
1 mm3, standard EPI sequence, identical scan duration)
and the same sedation protocol. Imaging was evaluated
by the same neuroradiologist, who was blinded to group
allocation. Gestational age and corrected age at the time
of imaging were matched between groups.

Statistical Analysis

Descriptive statistics for continuous variables were
reported as means or medians, depending on the data
distribution. Categorical variables were presented as
counts and percentages. Depending on sample size and
variable distribution, the chi-square test or Fisher's exact
test was applied to compare categorical variables. A p
value of less than 0.05 was deemed statistically significant.
Statistical analyses were conducted using SPSS version 15.

RESULTS

Patient’s Demographics

The gestational ages of the 11 patients with PVL ranged from
26 to 34 weeks, with a mean gestational age of 30.9+3.0
weeks; seven were boys (63.6%). The mean birth weight
of the patients was 1727718 g (range, 830-2790 g). When
the patients were evaluated according to their gestational
weeks, three patients were detected between 26 and 28
weeks, three cases were detected between 28 and 32
weeks, and five cases were detected between 32 and 34

weeks (Table 1).

Cranial USG was performed on each patient during their
intensive care stay. PVL was detected on cranial USG in
seven patients (63.3%). Cranial MRl was performed on
all patients, except one, before their corrected age of 3
months. The only case without cranial MRI (patient no. 4)
was the twin of case no. 3, and since case no. 3 had PVL
confirmed by MRI, only cranial USG was performed on this
patient.

Neurological Examination

Neurological and developmental assessments of the
patients were performed at corrected ages of 3 and 6
months (Table 2). All patients exhibited social smiles; only
patients 5 and 8 lacked head control. Increased muscle
tone was detected in the third month, except for two
patients (patient nos. 10 and 11), and brisk deep-tendon
reflexes (DTRs) were detected in the lower extremities,
except for three patients (patient nos. 1, 2, and 7).

At a corrected age of six months, neurological examinations
revealed spastic CP in eight patients (72.7%) (Table 2). In
addition, five of the patients with CP (62.5%) had spastic
diparesis, while three (37.5%) had spastic tetraparesis.
Regarding psychomotor development, eight patients rolled
over. However, they were not acquired in two patients
(patients nos. 8 and 10) and were partially acquired in one
patient (patient no. 3). Supported sitting was acquired by
all but five patients by the sixth month.

Radiological Examination

Cranial MRI revealed mild PVL in six patients (54.5%),
moderate PVL in two patients (18.1%), and severe PVL in
three patients (27.2%) (Table 2, Figure 1). The DTI results

Table 1. Perinatal and postnatal characteristics of the patients

::-inel?:r Gender | Birth week Birth weight* ::;:‘;;; L Chorioamnionitis :t‘e;ed for ia:y:: 2?12:] ?ei;ttci,::r:ifa
1 Boy 32 830 - - + 64 +
2 Girl 33 1850 - - + 17 -
3 Boy 33 2140 + - + 18 -
4 Boy 33 2240 - - - 10 -
5 Boy 33 2500 + - + 8 -
6 Boy 26 900 - - + 72 +
7 Boy 27 1160 + - + 90 +
8 Girl 32 1320 - - + 21 +
9 Girl 34 2790 - - - 9 -
10 Boy 26 930 - + + 38 +
1 Girl 31 2340 - - + 42 -
*Gram

MV: Mechanical ventilation, ICU: Intensive care unit
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Table 2. Comparison of psychomotor development at three and six months and cranial magnetic resonance imaging results
at six months of patients

Third month Sixth month
Patient | Head Social | Muscle Rolling | Supported . - PVL grade on
no control | smile tone DTR over sitting Neurological examination cranial MRI
! + + Inc Normal Spastic diparesis with right Achilles Moderate

(LE) + - contracture
2 + + Inc Normal + + Normal Mild
(LE)
+

+ . . . .
3 + (5. mo) (5. mo) Spastic tetraparesis + ) Spastic tetraparesis Severe

+ + . . . . .
4 (5. mo) (5. mo) Inc Brisk (LE) |+ + Spastic diparesis Mild
5 - + Inc Brisk (LE) | + - Spastic diparesis, Moderate

right extremity was more affected

6 + + Inc Brisk (LE) | + + Spastik diparesis Mild

+ + Inc Normal + + Normal Mild

) Brisk B B Spastic tetraparesis,
8 " Inc (right LE) right extremity was more affected Severe
9 + + Inc Brisk (LE) |+ + Spastic diparesis Mild

. B _ Spastic tetraparesis,

10 * * Normal | Brisk (LE) left extremity more affected Severe
1 + + Normal | Brisk (LE) |+ + Normal Mild
DTR: Deep tendon reflex, PVL: Periventricular leukomalacia, MRI: Magnetic resonance imaging, Inc: Increase, LE: Lower extremity, mo: Month

of the patients at six months were evaluated using TBSS
and freehand ROI methods. The TBSS method found no
statistically significant differences between the FA, AD, RD,
and ADC values in the whole white matter between the
patient and control groups (p>0.05), as shown in Figure
2. The average FA values of the patients, calculated using
the free-hand ROl method, are given in Table 3 (shown
in Figure 3). Right optic tract FA values were significantly
lower in the patient group compared with the control
group (p=0.010). Mean right optic tract FA was 0.244+0.98
in patients and 0.42%0.32 in controls. No statistically
significant differences were found in FA values of the
genu and splenium of the corpus callosum, right internal
capsule, left internal capsule, and left optic tracts between
the two groups (p>0.05).

Ophthalmologic Examination

Ophthalmologic evaluation was performed in seven
cases at the corrected age of three months. One patient
had no fixation to light. Only three patients were able
to track objects. At the corrected age of 6 months, all
patients demonstrated light fixation, light tracking, and
object tracking, except patient 3, who showed none of
these (Table 4). The optic discs were pale, and the patient

had cortical blindness. Flash VEP results were normal in
four patients; prolonged latencies were detected in five
patients, decreased amplitude in one patient, and wave
pattern disorder in four patients.

DISCUSSION

Normal cerebral blood flow is «crucial for brain
development, and even minor stress during the prenatal
and perinatal periods can disrupt this flow, leading to
cerebral ischemia and the formation of free oxygen
radicals” Consequently, many infants who survive
hypoxic-ischemic encephalopathy develop sequelae;
with approximately 90% experience spasticity and minor
neurological impairments (4). In our study, we found CP in
727% of preterm infants. The literature reports CP rates
resulting from PVL ranging from 60% to 100%.2°2" While
CP may not be clinically evident in patients with PVL,
perceptual and behavioral issues can emerge during the
school-age years.?

Although a combination of clinical history, standardized
neuromotor assessment, and MRI findings can identify, atan
earlyage,infantswithCPandthoseatriskofdevelopingCP,in
clinical practice CP is diagnosed more accurately by age 2.2
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Figure 1. Magnetic resonance imaging of patient number
eight. A) Severe periventricular leukomalacia on the
left in T2 axial imaging. Retraction and dilatation in the
same ventricle. Marked tissue loss in the cortex and

white matter. Encephalomalacia area and porencephalic
cyst. B) Coronal FLAIR C) T1 axial image. D) Color-code
fractional anisotropy map. Red indicates transverse
(x-axis), green indicates anterior-posterior (y-axis), and
blue indicates superior-inferior (z-axis) direction

In newborns with CP, only brisk DTRs and increased
muscle tone are detected on neurological examination.?
In our study, neurological evaluations of patients at the
corrected age of three months revealed increased muscle
tone in 81% of patients and brisk DTR in 72%. Additionally,
27% of patients exhibited changes in muscle tone or DTR
at three months, which resolved by six months; mild PVL
was observed on MRI. At 3 months, 75% of those with CP
showed increased muscle tone and brisk DTRs. These
clinical findings are significant for early CP development.

Serial cranial USG provides essential information about
the preterm infant's overt brain injury and how it changes
over time? Cranial USG is safe, relatively inexpensive,
and readily available at the bedside for serial imaging of
brain injury and its evolution.®® In our study, cranial USG
detected PVL in 63.3% of patients during their stay in the
intensive care unit. Among the eight infants who developed
CP, PVL was detected on cranial USG in five (62.5%). The
positive predictive value of USG for detecting CP was 71.4%,
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Figure 2. Fractional anisotropy (FA) skeleton. A) Axial B)
Sagittal C) Coronal sections. Comparison of mean FA
values in the white matter of the patient and control
groups using the Tract-Based Spatial Statistics method
was performed at each voxel level on the FA skeleton
(green color)

while the negative predictive value was only 25%. Previous
studies indicate that USG can diagnose severe PVL and
cystic changes in only about one-third of patients, making
it less effective at detecting diffuse PVL.'%2¢ In our study,
cranial MRI was performed in all cases except one before
their corrected age reached 3 months. PVL was observed
on cranial MRl in all patients except one. On neurological
examination at three months, DTR vitality was noted in the
lower extremities, whereas the examination at six months
was normal. Mild PVL was detected on the six-month MRI.
In our study, the positive predictive value of cranial MRI
for diagnosing PVL was 77.8%, while the negative predictive
value was 100%. As expected, MRI is both more sensitive
and more specific than USG in identifying PVL. Numerous
studies have directly compared MRI and cranial USG in
predicting neurodevelopmental outcomes within the
same population, including a recent systematic review
of preterm infants®? MRI was found to detect more
abnormalities and offer more detailed insights into the
severity and extent of brain injuries related to prematurity,
especially concerning white matter injury and cerebellar
hemorrhage. While MRl demonstrated a high negative
predictive value for outcomes, it showed a relatively
low positive predictive value for the same outcomes.
The prognostic value of MRI varied across studies,
primarily influenced by the evaluation tools used and the
comprehensiveness of brain abnormality assessments.’
Based on MRI results at six months, we found mild PVL
in 54.5% of cases, moderate PVL in 18.2%, and severe PVL
in 27.3%. Neuromotor functions corresponded with MRI
findings: normal neurological examinations correlated
with mild PVL, whereas all patients with tetraparesis had
severe PVL.
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region of interest method

Table 3. The mean fractional anisotropy values of the patients with the diffusion tensor imaging results with the free-hand

Right internal | Left internal | Right optic .
FA values Genu Splenium capsule capsule tract Left optic tract
PVL group (n=11) 0.375+0.93 0.435%0.16 0.378+0.10 0.558+0.87 0.244+0.98 0.306+0.21
Control group (n=7) 0.391+0.79 0.543+0.11 0.388+0.95 0.587+0.69 0.420%+0.32 0.318+0.44
p value 0.710 0.140 0.860 0.510 0.010 0.770
FA depreciation 5% 20% 2.6% 5% 42% 32%

FA: Fractional anisotropy, PVL: Periventricular leukomalacia

Figure 3. Fractional anisotropy calculation with free-hand
region of interest method. The diffusion tensor imaging of
the 6-month-old patient was appeared normal. A) Right
and left optic tracts. B) Right and left internal capsule.
C) Genu section of the corpus callosum. D) Splenium
section of the corpus callosum

Inspection, assessment of optokinetic nystagmus, light-
response testing, object tracking, and forced preferential
gaze can be used in the ophthalmologic evaluation of
newborn patients. Eye tracking shows promise for visual
assessment in clinical and research settings because it is
objective, quantitative, and capable of assessing diverse
visual parameters?’ For ophthalmologic evaluations, we
assessed object fixation and tracking. Six of seven patients
with a corrected age of three months showed light fixation
and tracking, but only three were able to track objects. By
six months, all but one case achieved normal light fixation
and tracking. This development aligns with the maturation
of the optic nerve and visual cortex, which continues until
approximately two years of age 2

Visual evoked potentials (VEPs) are used in patients
unable or unwilling to consistently complete subjective or
behavioral tests, as well as in individuals with difficulties
in perception and recognition, to assist in localizing visual
defects. VEPs can also be used to measure thresholds as
a proxy for visual acuity; this technique has been used for
many years.??3° In our study, VEPs revealed abnormalities
in 63.6% of the patients, all of whom developed spastic
diplegia or tetraplegia by six months. Six of 10 cases
with good vision showed a VEP abnormality (60%). No
significant correlation was observed between neuromotor
development and VEP responses. This may be due to the
small sample size in the normal group. In one study, visual
impairment was identified in 357 of 383 (93.2%) patients
with CP who had abnormal VEP waveforms?' Howes et al.2
investigated whether pattern reversal VEPs could predict
future visual acuity in infants with CVI. VEPs may help
predict future visual acuity in young children with CVI.

MRI has revolutionized the early diagnosis of PVL
and enabled the assessment of neuromotor status.
While traditional imaging techniques have limitations,
advancements such as DTI enable the measurement of
brain microstructure and connectivity. In our study, we used
DTl at a corrected age of 6 months to compare diffusion
parameters between 11 PVL patients and 7 controls. FA
values were measured multiple locations within the genu
and splenium of the corpus callosum, in the right and left
internal capsules, and in the right and left optic tracts using
the free-hand ROl method; mean values were obtained. FA
values in all tracts were lower in the patient group than
in the control group. The FA values were lower in the
patient group, with statistical significance noted only in
the right optic tract. While FA values measured via TBSS
did not reveal significant differences, a higher frequency
of mild PVL may have influenced the results. In the study
conducted by Murakami et al.® DTl was used to evaluate
sensorimotor fibers in patients with PVL. The analysis
included ROl measurements and TBSS in a cohort of 10
patients with a mean age of 19t9.5 months. The results
showed that the mean FA values of the motor tract were
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Table 4. Ophthalmological evaluations and visual evoked potential results at corrected age of three and six months of the
patients
Third month Sixth month
Patient | Light Light Object Light Light Object .
no fixation | tracking | tracking | fixation | tracking | tracking Additional VEP
1 + + + + + + Retina diffuses thin Prolongation of latency
2 + + - + + + None Normal
The optic discs areVerY | The wave pattern is
3 None - - - pale, and exotropia in .
disrupted.
one eye
4 None + + + None Prolongation of latency
- ) ) . ) Prolongation of latency
5 + + + Intermittent exotropia breaks the wave pattern.
Prolongation of latency,
6 * * " * * * None the wave pattern is broken
Intermittent exotropia,
7 + -/+ - + + + optic disc tilt, Normal
peripapillary atrophy
. . . Prolongation of latency,
8 None " " " High astigmatism the wave pattern is broken
9 + . . . + + None Amplitude
low
10 + + t + + + None Normal
n None + + + Optic disc tilt and slight Normal
pallor
VEP: Visual evoked potential

significantly higherin patients with mild PVLthanin patients
with severe PVL. Additionally, ROl measurements were
less sensitive than tractography-based measurements In
their study, Fan et al!® examined 12 patients of PVL, with
patients aged between 3 and 10 years and a mean age of
6.5 years. The researchers found a significant reduction in
mean FA across several brain structures compared to those
in the ipsilateral regions of healthy controls. Specifically,
the affected areas included the posterior limb of the
internal capsule, arcuate fasciculus, posterior thalamic
radiation, corona radiata, cingulum, superior longitudinal
fasciculus, and both the splenium and genu of the corpus
callosum. Similarly, Madhavan et al.*® showed that reduced
white matter integrity (i.e., greater white matter damage),
as reflected by the decreased FA values, in the middle third
of the posterior limb of the internal capsule was the most
descending, white matter motor pathways converged,
which was highly indicative of poor motor function and
the diagnosis of CP at 12 months. These advanced imaging
methods can now investigate how brain connectivity
networks are altered by white matter injury and other
influencing factors.

Study Limitations

There are several limitations to our study. Firstly, the
application of DTIMRIinyoung children can be challenging,
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particularly because sedation is often required”
Additionally, the small size of brain structures in this age
group, together with a high prevalence of artifacts and
rapid myelination, complicates interpretation of results."
Diffusion parameters are known to vary significantly
during the first two years of life, especially within the first
six months, due to ongoing myelination processes, which
may influence the comparability of measurements across
patients.

Furthermore, as noted by Plaisier et al.* structural brain
abnormalities identified on MRI were strongly associated
with long-term neurodevelopmental outcomes, suggesting
thatimagingataterm-equivalentage mayyield more stable
and interpretable findings. However, early MRI scans hold
significant promise, as they can inform early intervention
strategies and advance research on preterm brain injuries.
Differences in FA values at an early age in patients with PVL
have been reported to correlate with motor function loss
in later years 3%

In addition to these methodological considerations,
our study is limited by its relatively small sample size,
short follow-up duration, and incomplete ophthalmic
assessments in a subset of patients. These constraints
reflect the inherent challenges of conducting longitudinal,
multimodal evaluations in premature infants, they but




should be considered wheninterpretingthe generalizability
of the findings. Larger, multicenter studies with extended
follow-up are needed to elucidate long-term neuro-
ophthalmologic and diffusion-based outcomes in this
population.

CONCLUSION

In conclusion, DTl is a powerful tool for assessing the
microstructural integrity of neural tissues. Our study
demonstrates that DTI provides critical insights into the
orientation and integrity of white matter tracts; these
insights are essential for understandingvarious neurological
conditions in patients with PVL at a corrected age of six
months. Moreover, developmental assessments indicated
that early neurological signs, such as increased muscle
tone and brisk DTRs, predicted subsequent CP outcomes.
While ophthalmologic evaluations showed promising
improvement in visual tracking, VEP abnormalities were
prevalent, underscoring the need for comprehensive
assessments beyond conventional methods.
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ABSTRACT

Objective: Inflammatory processes play a significant role in the pathogenesis of ectopic pregnancy.
Therefore, certain serum inflammatory markers are considered to have potential value in predicting the
treatment outcome. The objective of this study is to investigate the relationship between methotrexate
(MTX) efficacy in the management of ectopic pregnancy and serum inflammatory markers.

Methods: The study was conducted retrospectively at Dokuz Eylul University Hospital. Women aged 18
years or older who were diagnosed with an ectopic pregnancy and underwent treatment between 2015
and 2025 were included. The study population was initially stratified into two groups according to the
success or failure of MTX treatment. Patients with successful treatment were further subdivided into
single-dose and double-dose MTX cohorts. The groups were compared with respect to characteristic
features and ultrasonographic, laboratory, and surgical findings.

Results: No significant differences were found in systemic inflammation markers between the groups
(p=0.96, p=0.58, p=0.47, p=0.80). When groups with successful and unsuccessful MTX treatment were
compared with respect to baseline, fourth-day, and seventh-day B-hCG levels and changes between
these measurements, a significant difference was found (p<0.001). B-hCG was an effective predictor of
treatment success (p=0.001, p=0.001, p=0.006).

Conclusion: No significant correlation was found between serum inflammatory markers and the success
of MTX treatment. B HCG levels and their rates of change are thought to be more powerful predictors
of MTX treatment success.

Keywords: Ectopic pregnancy, serum inflammatory markers, methotrexate

oz

Amag: Ektopik gebelik patogenezinde enflamatuar slreglerin énemli bir etkisi bulunmaktadir. Bu
nedenle, bazi serum enflamasyon belirteglerinin tedavi strecinin 6ngoéristinde etkin olabilecegi
distnilmektedir. Amacimiz, ektopik gebelik tedavisinde kullanilan metotreksatin etkinligi ile serum
enflamasyon belirteclerinin iliskisini arastirmaktir.

Yéntem: Calisma, Dokuz Eylil Universitesi Hastanesi’ nde retrospektif olarak gerceklestirilmistir. 2015-
2025 yillari arasinda, ektopik gebelik tanisi alarak tedavi edilen 18 yas ve Uzeri kadin olgular ¢alismaya
dahil edilmistir. Olgular, dncelikle metotreksat tedavisinin basarili olup olmamasina gére iki gruba
ayrilmistir. Metotreksat tedavisi basarili olan olgular kendi icerisinde tek doz ve ¢ift doz tedavi uygulanan
olgular olarak ayrica iki gruba ayrilmistir. Gruplar, karakteristik 6zellikleri, ultrason, laboratuvar ve cerrahi
bulgulari acisindan karsilastirilmistir.
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Bulgular: Calismamizin sonucunda, metotreksat tedavisinin basarili oldugu grupla basarisiz oldugu grup arasinda, sistemik enflamasyon belirtecleri
agisindan anlamli fark saptanmamistir (p=0,96, p=0,58, p=0,47, p=0,80). Metotreksat tedavisinin basarili ve basarisiz oldugu gruplar, baslangic, 4.
ve 7. gin B HCG duzeyleri ve aralarindaki degisim acisindan karsilastirildiginda anlamli fark saptanmistir (p<0,001). B HCG" nin tedavi basarisini
éngdérmede etkin bir belirte¢ oldugu saptanmistir (p=0,001, p=0,001, p=0,006).

Sonug: Sonug olarak, serum enflamasyon belirtegleriyle metotreksat tedavisinin basarisi arasinda anlamli bir iliski saptanmamistir. p HCG dlizeyi ve
B HCG degisim oranlarinin metotreksat tedavisinin basarisini 5ngérmede daha glicli bir belirtec oldugu dustnilmektedir.

Anahtar Kelimeler: Ektopik gebelik, serum enflamasyon belirtegleri, metotreksat

INTRODUCTION

Ectopic pregnancies account for approximately 1% of all
pregnancies and for about 4.7% of patients who present to
the emergency department in early pregnancy.? Despite
declining mortality rates from ectopic pregnancy owing
to advances in diagnosis and surgical interventions, the
financial burden of numerous diagnostic and follow-up
procedures remains substantial, and the psychological
impact on patients is considerable?

In ectopic pregnancies, implantation most frequently
occurs in the ampullary portion of the fallopian tube.
Recognized risk factors include a previous ectopic
pregnancy, tubal injury resulting from infection or surgical
procedures, smoking, and use of assisted reproductive
techniques.* Certain serum inflammatory mediators and
cytokines are implicated in the pathogenesis of ectopic
pregnancy by contributing to impaired embryo transport
to the uterus and to premature implantation.® Given that
ectopic pregnancy is a prominent cause of maternal
mortality during the first trimester, prompt diagnosis and
appropriate management are essential.®

There is no single definitive treatment for ectopic
pregnancy. Management varies depending on the site
of implantation and the clinical status of the patient.
Treatment options include both pharmacological and
surgical approaches. In addition, given the possibility of
spontaneous resorption in a considerable proportion of
cases, expectant managementwith serial B-hCG monitoring
may also be applied. As a pharmacological option, single-
dose or multidose methotrexate (MTX) regimens are
used.” The most commonly employed protocol involves
monitoring serum B-hCG levels on days 4 and 7 after MTX
administration. If B-hCG decreases by more than 15%,
weekly B-hCG monitoring is continued, whereas a decrease
of less than 15% warrants a second MTX dose® Reports
indicate that approximately 20% of patients require an
additional dose of MTX.6?

With increasing evidence demonstrating the importantrole
of inflammatory processes in the pathogenesis of ectopic
pregnancy, several studies have suggested that certain
serum inflammatory markers may also serve as predictors
of treatment outcomes®°® While some studies have
reported thatan increased neutrophil-to-lymphocyte ratio
(NLR) is associated with a higher risk of ectopic pregnancy
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rupture and with reduced MTX treatment success, other
studies have found no significant association."?" This
inconsistency in the literature prompted us to investigate
whether systemic inflammatory markers could reliably
predict MTX treatment outcomes in patients with ectopic
pregnancy. Our aim, in light of the current literature, is
to evaluate the predictive value of serum inflammatory
markers for the effectiveness of MTX treatment, a
pharmacological treatment option for ectopic pregnancy,
and to protect these patients from the risks of prolonged
hospitalization, MTX side effects, and delayed surgical
intervention.

METHODS

This research was conducted retrospectively in the
Department of Obstetrics and Gynecology. This study was
approved by the Dokuz Eylil University Non-interventional
Research Ethics Committee (decision number: 2025/14-
08, date: 30.04.2025). The research was performed
following the ethical guidelines outlined in the 2008
Declaration of Helsinki. Women aged 18 years and older
who were admitted to our gynecology inpatient clinic or
outpatient department between January 2015 and April
2025 and who were diagnosed with ectopic pregnancy and
subsequently treated were included in the study. Women
with systemic inflammatory diseases or concomitant
malignancies were excluded. Informed consent was
collected from every patient before treatment initiation.
Data retrieved retrospectively from medical records
included: body surface area (BSA), age, body mass index
(BMI), gravida, parity, ultrasonographic (USG) findings at
admission (presence of gestational sac, gestational sac
diameter, and location of ectopic pregnancy), history of
pelvic surgery, history of ectopic pregnancy, history of
assisted reproductive treatment, gestational age (weeks),
pre-treatment and post-MTX B-hCGC levels, pre-treatment
complete blood count parameters [hemoglobin (Hb),
hematocrit, platelet (Plt) count, white blood cell (WBC)
count, red cell distribution width (RDW), mean platelet
volume (MPV), NLR, monocyte-to-lymphocyte ratio
(MLR), platelet-to-lymphocyte ratio (PLR), pan-immun
inflamation value (PIV), systemic immune-inflammation
index (Sll), systemic immune-inflammation response index
(SIRD] and type of surgery performed (salpingectomy,
salpingostomy, diagnostic laparoscopy).
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The hematological parameters included in the analysis
were collected in a standardized manner as part of routine
clinical care and were consistently measured at the time
of hospital admission and prior to MTX administration
for all patients. Serum B-hCGC samples were collected on
the day of MTX initiation and on days 4 and 7 thereafter.
In patients requiring additional MTX doses, serum
B-hCG measurements were repeated. USG findings were
recorded during the initial gynecological examination on
admission. BSA was calculated as: [height (cm) x weight
(kg)] / 3600)"2. BMI was calculated as weight (kg) / height
(m)2. NLR was calculated as neutrophil count (x103/uL) /
lymphocyte count (x103/uL). PLR was calculated as the Plt
count (x103/uL) divided by the lymphocyte count (x103/
pL). MLR was calculated as the ratio of monocyte count
(x103/uL) to lymphocyte count (x103/uL). Sl was calculated
as (Plt count x neutrophil count) / lymphocyte count. SIRI
was calculated as [neutrophil count (x103/uL) x monocyte
count (x103/uL)] / lymphocyte count (x103/uL) and PIV
was calculated as [neutrophil count (x103/ulL) x monocyte
count (x103/uL) x Plt count (x103/uL)] / lymphocyte count
(x103/pL).

Initially, patients were categorized into two groups based
on the outcome of MTX therapy. Group I: patients with
successful MTX treatment, and Group Il: patients with
unsuccessful MTX treatment. Patients in Group | were
further subdivided into those who received a single
dose of MTX and those who required two doses of MTX;

these subgroups were then compared. Patients who
underwent surgery during follow-up due to hemodynamic
instability or rupture of the ectopic pregnancy, and those
who required surgery after two MTX doses because of
an insufficient decline in B-hCG levels, were classified
as treatment failures. Patients with ectopic pregnancies
who demonstrated positive fetal cardiac activity at initial
presentation and were scheduled for primary surgery;
patients who required emergency surgery due to rupture
at admission; patients with extra-tubal or extra-ovarian
ectopic pregnancies; and patients with missing data were
excluded from the study. The groups were compared with
respect to characteristic features, clinical, surgical, and
laboratory findings. The study flowchart is summarized in
Figure 1.

Statistical Analysis

SPSS v. 26 was used to perform statistical analyses.
Comparisons of clinical and demographic characteristics
between groups were performed using an independent
t-test for parametric distributions and a Mann-Whitney
U test for non-parametric distributions. The Shapiro-
Wilk and Kolmogorov-Smirnov tests were used to assess
normality. Numeric variables were expressed as mean and
standard deviation for normally distributed data, and as
median (minimum-maximum) for skewed distributions.
Categorical data were analyzed using chi-square test or
the two-sided Fisher's exact test, as appropriate. The odds
ratio was calculated where applicable. To determine the

148 Ectopic Pregnancy Cases

Cases Excluded from the Study

Cesarean scar pregnancy- 4 cases
Cervical Pregnancy- 1 case

Cornual Pregnancy- 5 cases

Data loss- 5 cases

Direct surgery decision- 55 cases
- Positive fetal cardiac activity

- Required emergency surgery
due to rupture at admission

Figure 1. Study flow chart

Cases Included in the Study

78 Ectopic Pregnancy Cases

U

Methotrexate is successful- 48 cases

Methotrexate is unsuccessful- 30 cases
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predictive values of significant variables, logistic regression
analyses were performed. In the statistical analysis, the
mean values for normally distributed data and the median
values for non-normally distributed data are presented in
the table. Data with normal and non-normal distributions
are indicated in footnotes below the table. p<0.05 was
considered significant.

RESULTS

When the groups with successful and unsuccessful MTX
treatment were compared in terms of characteristics, no
significant differences were observed in age (31.4 vs. 31.47
years, p=0.95) or in other characteristics. Evaluation of
laboratory findings revealed no significant differences
among groups in NLR, PLR, MLR, SlI, PIV, or SIRI values
(p=0.96, p=0.58, p=0.47, p=0.80, p=0.99, p=0.80) (Table 1).

Among patients with successful MTX treatment, a
subgroup analysis comparing single-dose and double-
dose MTX revealed no statistically significant differences
in characteristics. Laboratory evaluation showed that only
Hb levels were significantly higher in patients who received
a single MTX dose than in those who received two doses
(12.45 vs. 11.55 g/dL; p=0.02). No significant differences were
found among the groups with respect to NLR, PLR, MLR,
SlII, PIV, or SIRI (NLR: p=0.24; PLR: p=0.95; MLR: p=0.93; SlI:
p=0.40; PIV: p=0.717; SIRI: p=0.785) (Table 2).

When patients with unsuccessful versus successful MTX
treatment were compared regarding changes in B-hCG
levels following MTX administration, the successful
treatment group showed a significant decline in B-hCG on

days 4 and 7 relative to baseline, whereas the unsuccessful
group showed minimal change or an increase. These
differences were significant (p<0.001 for all comparisons).
Furthermore, a comparison of mean B-hCG levels on the
day of MTX initiation, day 4, and day 7 revealed that levels
were significantly lower in the MTX-successful group (1469
vs. 3254.5, p<0.001; 1052.4 vs. 5711.5, p<0.001; 619.26 vs.
4062, p<0.001) (Table 3).

A total of 59 patients received a single dose of MTX.
Treatment was successful in 34 patients, whereas 25
required surgical intervention due to treatment failure.
Evaluation of these patients to assess the predictive role
of B-hCGC levels for treatment success demonstrated
that greater reductions in B-hCG were associated with
an increased likelihood of successful treatment; this
relationship was significant (p=0.001, p=0.001, p=0.006)
(Table 4).

Nineteen patients received a double-dose MTX regimen.
Treatment was successful in 14 patients, whereas 5
experienced treatment failure and required surgical
intervention. Evaluation of the predictive role of B-hCG
levels on the day of the first MTX dose, on day 7, and of the
change between these values for the success of the second
MTX dose revealed that neither baseline nor day-7 B-hCG
levels were predictive of second-dose treatment success.
The change in B-hCG levels between baseline and day 7
appeared to be associated with second-dose treatment
outcomes. However, these relationships were not statistically
significant (p=0.089, p=0.066, and p=0.09) (Table 5).

Table 1. Comparison of groups in terms of characteristic features and laboratory findings

Group | Group Il

(n=48) (n=30) P
Age 31.4+4.95 31.47+4 33 0.95
BMI (kg/m?)* 23.30 (18-35.20) 22.65 (18.50-33.20) 0.17
BSA (m?) 1.68+0.16 1.65£0.11 0.37
Gravida* 2(1-6) 2 (1-5) 0.52
Parity* 0.50 (0-3) 1(0-3) 0.55
Ultrasound findings
Presence of gestational sac 22 17 0.485
Gestational sac diameter 19.64+574 18.316.61 035
Localization 0.641
Right 18 13
Left 30 17
History of previous ectopic pregnancy 4 2 1
History of previous pelvic surgery 27 10 0.064
Assisted reproductive therapy 1
Yes 3 2
No 45 28
Gestational age (weeks) 6.21%1.43 6.50%1.24 0.36
Table 1. Continued
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Group |

Group Il

(n=48) (n=30) P

Serum parameters

Hb 12.0£1.25 12.09+1.12 0.75
Hct 35.98%3.35 36.28%3.31 0.70
WBC 8.40%2.28 8.4512.96 0.94
Plt 268.05168.95 267.67+79.15 0.98
MPV 8.72%1 8.52%1.02 0.41
RDW 14.25%1.61 13.80+1.02 0.18
NLR* 2.79 (1.05-12) 2.85(0.72-15.11) 0.96
PLR* 131.77 (73.6 4-590) 137.02 (42.63-300) 0.58
MLR 0.3%0.13 0.28+0.09 0.47
Si* 64932 (156-3540) 713.17 (93.79-3264) 0.80
MCV 83.57%6.71 86.12+5.08 0.08
MCH 27.88%2.65 28.59+1.97 0.21
MCHC 33.31£0.93 33.24*0.60 0.73
RBC 4312034 4.22+0.42 0.29
Neutrophil 5.56+1.83 556%2.42 1.0
Eosinophil* 0.1(0-0.50) 0.1(0-1) 0.14
Monocyte* 0.50 (0.10-1.5) 0.50 (0.30-1.70) 0.36
Lymphocyte 2.10+0.73 2.16%1.39 0.81
PCT 0.23+0.05 0.22+0.06 0.56
PIV* 376.2 (15.6-1705.6) 380.1(28.1-979.2) 0.99
SIRI* 1.4 (0.31-5.59) 1.5 (0.35-4.5) 0.80

BMI: Body mass index (kg/cm?)
BSA: Body surface area (m?)
*: Data with non-normal distribution

MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, RBC: Red blood cell,
PCT: Plateletcrit, Hb: Hemoglobin, Plt: Platelet, MPV: Mean platelet volume, RDW: Red cell distribution width, NLR: Neutrophil-to-lymphocyte
ratio, MLR: Monocyte-to-lymphocyte ratio, SlI: Systemic immune-inflammation index, PIV: Pan-immun inflamation value, SIRI: Systemic immune-

inflammation response index

Table 2. Comparison of single- and double-dose methotrexate regimens in the successful treatment group in terms of
characteristics features and laboratory findings

Single-dose MTX Double-dose MTX

(n=34) (n=14) P
Age 32#5.20 29.93+4.08 0.19
BMI (kg/m?) 25.18+4.87 24.08%3.6 0.45
BSA (m?) 1.68%0.17 1.68%0.12 0.91
Gravida* 2 (1-6) 2 (1-4) 0.14
Parity* 0.50 (0-3) 0.50 (0-3) 0.9
Ultrasound findings
Presence of gestational sac 14 8 0.35
Gestational sac diameter 18.96+5.26 21.29+6.68 0.20
Localization 0.103
Right 10 8
Left 24 6
History of previous ectopic pregnancy 3 1 1
History of previous pelvic surgery 20 7 0.75
Assisted reproductive therapy 1
Yes 2 1
No 32 13
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Table 2. Continued

Single-dose MTX Double-dose MTX

(n=34) (n=14) P
Gestational age (weeks) 6.41£1.26 5.71£1.73 0.13
Serum parameters
Hb* 12.45 (7-13.9) 11.55(10.1-13.3) 0.02**
Hct 36.55%3.46 34.58+2.67 0.063
WBC 8.52+2.42 8.12%1.96 0.59
Plt 269.76+78.48 263.86%39.07 0.73
MPV 8.67%1.15 8.84+0.53 0.60
RDW 14.12+1.62 14.55%1.63 0.41
NLR* 2.90 (1.05-12) 2.37(1.23-7.36) 0.24
PLR* 130.19 (73.6 4-590) 133.55 (79.67-278.90) 0.95
MLR 0.3+0.15 0.3£0.10 0.93
SI* 660.92 (156-3540) 554.54 (294.77-1957) 0.40
MCV 84.3%6.16 81.78t7.86 0.24
MCH 281412 4] 27.21%3.16 0.27
MCHC 33.34t0.94 33.22+0.94 0.69
RBC 434+0.28 426+0.46 0.50
Neutrophil 5.65%1.75 532+2.06 0.57
Eosinophil* 0.1(0-0.50) 0.1(0-0.20) 0.43
Monocyte* 0.50 (0.10-1.50) 0.6 (0.4-0.8) 0.51
Lymphocyte 2.110.80 2.08+0.53 0.88
PCT* 0.23(0.04-0.35) 0.22(0.18-0.30) 0.89
PIV* 392.6 (15.6-1705.6) 311 (160-978.5) 0.717
SIRI* 1.48 (0.31-5.6) 1.35(0.55-3.68) 0.785

MTX: Methotrexate

BMI: Body mass index (kg/cm?)

BSA:Body surface area (m?)

*: Data with non-normal distribution

**: p<0.05

MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, RBC: Red blood cell,
PCT: Plateletcrit, Hb: Hemoglobin, Plt: Platelet, MPV: Mean platelet volume, RDW: Red cell distribution width, NLR: Neutrophil-to-lymphocyte
ratio, MLR: Monocyte-to-lymphocyte ratio, Sll: Systemic immune-inflammation index, PIV: Pan-immun inflamation value, SIRI: Systemic immune-
inflammation response index

Table 3. Comparison of changes in g hCG levels following the first dose of methotrexate between the groups

MTX successful group MTX unsuccessful group

(n=48) (n=30) P
B hCG levels on the MTX day 1469 (36.71-17.641) 3254.50 (478.77-8060) <0.001*
B hCG levels on 4 day after MTX 1052.40 (27.91-13586) 57115 (527-14819) <0.001*
B hCG levels on 7* day after MTX 619.26 (3.58-7875) 4062 (519-14454) <0.001*
Ett‘ﬁfy"‘a“ge between MTX dayand | 15 349 (-85.22-66%) 45.01% (-6.1-501.51%) <0.001*
B SaGyCha"ge between MTX dayand | o, 5o, (.97.29-59.85%) 42% (-14.68-298.33%) <0.001*

th th

g:;:c change between 4% day and 7% | 3199/ (88 93-38.27%) 0.04% (-31.42-164.85%) <0.001*

MTX: Methotrexate
*: p<0.05
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Table 4. Predictive role of p hCG levels in treatment success among cases receiving single-dose methotrexate

Odds ratio 95% confidence interval P
B hCG change between MTX day and 4* day 0.87 0.80-0.95 0.001*
B hCG change between MTX day and 7*" Day 0.96 0.94-0.98 0.001*
B hCG change between 4" day and 7t day 0.85 0.76-0.96 0.006*

MTX: Methotrexate
* p<0.05

Table 5. Predictive value of B hCG changes between methotrexate day and day 7 for second-dose methotrexate treatment

success

Odds ratio 95% confidence interval P
MTX day p hCG levels 1 1-1.001 0.089
p hCG level on the 7t day after MTX 1.001 1-1.001 0.066
p hCG change between MTX day and 7* Day 0.964 0.923-1.006 0.093

MTX: Methotrexate

DISCUSSION

Ectopic pregnancy is one of the common causes of
maternal morbidity during the first trimester. With the
increasing use of assisted reproductive treatments and
the rise in cesarean deliveries, it is considered a frequent
cause of maternal mortality.*"> Delays in the diagnosis and
treatment of ectopic pregnancy may resultin damage to the
fallopian tubes that is sufficient to adversely affect future
fertility, as well as in hemorrhage and mortality associated
with rupture!® MTX is a safe option for the treatment of
ectopic pregnancy; however, in some cases, it may result
in tubal rupture. Factors such as gestational age, size of
the ectopic pregnancy, and pre-treatment B-hCG levels
can influence the success of MTX therapy.”2° In current
practice, B-hCG remains the only biomarker used in ectopic
pregnancy, and baseline B-hCGC levels are considered the
best prognostic indicator of follow-up response and of the
success of single-dose MTX treatment.?

In the recent study, the predictive value of serum
inflammatory markers for the success of MTX treatment
in ectopic pregnancy was evaluated; no significant
relationship was found between these markers and
treatment outcome. Dereli et al?? reported that when
comparing ectopic pregnancy patients treated with MTX
versus surgery, lower NLR and SlI levels were observed in
the group with successful MTX treatment. Furthermore,
patients with prior abdominal surgery or repeated
cesarean sections were found to have higher rates of
MTX treatment failure, which have been attributed to
intra-abdominal adhesions, increased scar tissue, and
repeated transverse uterine incisions, all of which lead
to compromised adnexal vascularization and reduced
MTX delivery to the target tissue. However, in our study,

we did not find a relationship between prior abdominal
surgery and MTX treatment success (p=0.064). Therefore,
our findings are not consistent with the existing literature
in this regard. This discrepancy may be attributable to the
relatively small sample size of our study, which may not
have provided sufficient statistical power to detect this
association. In another study evaluating patients treated
with MTX for ectopic pregnancy, the decline in NLR from
treatment initiation to day 4 was assessed; patients with a
decrease of more than 23% in NLR had a greater likelihood
of successful MTX treatment.? Another study reported
higher baseline NLR, MPV, and RDW values in the MTX-
treated group, with the underlying mechanism attributed
to increased inflammation® A study investigating the
association between NLR and PLR and ectopic pregnancy
rupture found that ruptured cases exhibited higher NLR
and PLR, and that NLR and PLR positively correlated with
B-hCG levels and tubal lumen diameter. In our study, no
significant association was found between USGC findings
and treatment modality. Another study indicated that
elevated levels of NLR and PDW could serve as markers
for tubal rupture, and the association between high NLR
and MTX treatment failure was hypothesized to result from
neutrophil-mediated suppression of cytotoxic T cells via
cytokines and chemokines during inflammatory processes.
Accordingly, increased NLR is an indirect measure of the
host immune response, and in that study, NLR was higher
in the ruptured group.” Reis et al?* also reported higher
WBC levels in the non-ruptured ectopic pregnancy group,
suggesting that WBC may play a role in suppressing the
maternalimmune response against the fetus and in limiting
trophoblast invasion. In our study, however, no relationship
was observed between MTX treatment success and WBC
levels.
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Several studies have reported that systemic inflammatory
markers may be associated with embryo implantation
and the course of ectopic pregnancies.?>? The rationale
for considering inflammatory processes in these cases is
that fetal growth within the fallopian tube can irritate the
tube and surrounding structures, such as the peritoneum,
leading to inflammation. This process may trigger the
release of inflammatory cytokines, and assessing their
levels could serve as a useful diagnostic tool for tubal
ectopic pregnancy? Supporting this notion, Rajendiran
et al?¥ reported increased interleukin-6 levels and
decreased interleukin-8 levels in patients with tubal
ectopic pregnancy. NLR serves as a strong indicator of
systemic immune inflammation and has been identified
as an independent predictor of mortality in cardiovascular
disease, and as a prognostic marker in patients with primary
central nervous system lymphoma undergoing high-dose
MTX-based therapy?3' The mechanism linking NLR and
MTX treatment is not fully understood, but is thought to be
related to theimmuneresponse. An elevation in NLR serves
as an indirect indicator of immune activity. Neutrophils, as
components of the innate immune system, can suppress
the maternal immune response toward the fetus and limit
trophoblast invasion, 2232432

In our study, to add to the existing literature, we evaluated
PIV and SIRI -recently highlighted as promising markers
for certain cancer types and chronic diseases- with
respect to their potential impact on the prognosis of MTX
treatment. Previous studies have suggested that PIV may
serve as a non-invasive marker for prognosis and remission
assessment in some malignancies> Similarly, PIV and
SIRI have been reported to be important inflammatory
indicators in conditions such as preeclampsia, rheumatoid
arthritis, and psoriasis3*3¢ Since these markers are derived
from serum measurements and reflect chronic systemic
inflammation, it was hypothesized that they might serve as
effective predictors of prognosis in ectopic pregnancy. For
this purpose, PIV and SIRI values were compared between
patients with successful and unsuccessful MTX treatment
outcomes. However, no significant associations were
identified between MTX treatment success and either PIV
or SIRI (p=0.99 and p=0.80, respectively).

Reviewing the literature, Soykan Sert and Bertizlioglu,"
similarly to our study, reported no significant relationship
between systemic inflammatory markers and ectopic
pregnancy treatment outcomes, highlighting B-hCG as a
more reliable marker. Tubal ectopic pregnancy can lead
to elevated serum inflammatory markers. Soykan Sert and
Bertizlioglu" suggested that in cases of ruptured ectopic
pregnancy, higher levels of these markers may obscure the
relationship with MTX treatment outcomes. MTX exerts
an antimetabolic effect, inhibiting cell proliferation; its
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efficacy is greater at lower B-hCG levels. Soykan Sert and
Bertizlioglu" proposed that this could overshadow the
association with serum inflammatory markers, emphasizing
B-hCG as a stronger prognostic indicator. The findings of
our study are consistent with the observations reported by
Soykan Sert and Bertizlioglu."

In our study, evaluation of changes in B-hCG levels after
the first MTX dose revealed a significantly greater decrease
in the MTX-successful group than in the unsuccessful
group. Furthermore, in patients treated with single-dose
MTX, B-hCGC was a strong predictor of treatment outcome.
Consistentwith our findings, previous studies have reported
that changes in B-hCG levels on days 1 and 4 significantly
influence the success of MTX therapy."*3# Another study
demonstrated that both lower baseline B-hCG levels
and the rate of decline during the first four days serve as
predictors of treatment success3’ In a study evaluating
ruptured and resolved ectopic pregnancies after MTX
treatment, cases that ruptured despite therapy were more
frequently associated with vaginal spotting and smaller
changes in B-hCG levels.*® In addition to previous studies,
our study specifically investigated the predictive role of
baseline and day-7 B-hCG levels, as well as the change
between these two values, for the success of second-
dose MTX treatment. While baseline and day 7 p-hCG
levels were not associated with second-dose treatment
outcomes, the change in B-hCG levels between baseline
and day 7 appeared to reduce the risk of treatment failure.
However, this relationship was not statistically significant,
which may be attributable to the small sample size. This
small sample size (19 cases) represents a major limitation
of our study, potentially restricting the ability to detect
clinically meaningful differences. Therefore, studies with
larger sample sizes may better clarify the nature of this
association.

In our study, a comparison of baseline Hb levels between
patients with successful and unsuccessful MTX treatment
revealed no significant difference. However, within the
successful MTX group, a comparison of single- vs. double-
dose treatment showed that patients requiring a second
MTX dose had significantly lower Hb levels than those
treated with a single dose (p=0.02). Nonetheless, this
finding does not have a clinical implications.

CONCLUSION

The literature presents conflicting evidence regarding the
relationship between serum inflammatory markers and
MTX treatment success in ectopic pregnancy. In our study,
no significant relationship was found between serum
inflammatory markers and MTX treatment outcomes.
In our study, as an original contribution to the literature,
chronic inflammation markers, including PIV and SIRI, were
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evaluated. However, no significant association was found
between these markers and MTX treatment outcomes.
Based on current literature, B-hCG levels and the rate of
B-hCG change are considered the most reliable indicators
of MTX treatment success in ectopic pregnancy, a
conclusion supported by our findings. As previously noted,
one of the major limitations of our study is the relatively
small sample size. Therefore, we believe that prospective
randomized studies with larger cohorts are needed to
better elucidate the relationship between these markers
and treatment outcomes.
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6z
Amag: Konjenital diyafragma hernisi (KDH) diyaframin gelisimsel kusuruna bagli olarak batin igi
organlarin toraksa yerlesmesine neden olan mortalitesi yliksek dogumsal bir defekttir. Sag tarafli herni,

erkek cinsiyet, karaciger ve mide herniasyonu ve pulmoner hipoplazinin derecesi mortalite ile iligkilidir.
Galismamizda diyafram hernilerinde mortalite ile ilgili faktorleri degerlendirmeyi amagladik.

Yontem: Aralik 2021-Mart 2025 tarihleri arasinda KDH tanisi ile izlenen hastalari retrospektif olarak
inceledik. Hastalarin demografik 6zellikleri ile postnatal bulgularini karsilastirarak mortalite Uzerine
etkili faktorleri inceledik.

Bulgular: Toplam 30 KDH degerlendirildi. Hastalarin 21'i opere edildi, 9 hasta kardiyovaskuler stabilite
saglanamadigi icin ilk 24 saat icerisinde eksitus oldu. Hastalarin %70’i (n=21) yasamini kaybederken,
%30'u (n=9) sag kalmistir. Yenidogan yogunbakim yatisinda alinan ilk kan gazindaki laktat degerinin
2.3 mmol/L [egri altindaki alan (EAA): 0,79, p<0,01], ve pCO, (EAA: 0,98, p<0,01) degerinin 60 mmHg
Uzerinde olmasi mortalite ile iligkili bulunmustur.

Sonug: KDH mortalite ve morbiditesi yliksek bir hastaliktir. Bizim ¢alismamizda distiik dogum agirlig, kan
gazi laktat ve parsiyel karbondioksit degerlerinin mortalite iliskisini saptadik. Cok merkezli prospektif
calismalar yapilarak sag kalimi artiracak izlem rehberlerinin olusturulmasi gerekmektedir.

Anahtar Kelimeler: Konjenital diyafragma hernisi, mortalite, yenidogan

ABSTRACT

Objective: Congenital diaphragmatic hernia is a congenital defect with a high mortality rate due to
developmental defect of the diaphragm which causes intra-abdominal organs to be located in the
thorax. Right-sided hernia, male gender, liver and stomach herniation, and degree of pulmonary
hypoplasia are associated with mortality. In our study, we aimed to evaluate the factors related to
mortality in diaphragmatic hernias.

Methods: We retrospectively analysed the patients who were followed up with a diagnosis of congenital
diaphragmatic hernia between December 2021 and March 2025. We examined the factors affecting
mortality by comparing the demographic characteristics and postnatal findings of the patients.

Results: A total of 30 congenital diaphragmatic hernias were evaluated. Twenty-one of the patients
were operated, 9 patients died within the first 24 hours due to lack of cardiovascular stability. While
70% (n=21) of the patients died, 30% (n=9) survived. A lactate value of 2.3 mmol/L [area under the
curve (AUQ): 0.79, p<0.01] and a pCO, (AUC: 0.98, p<0.01) value above 60 mmHg in the first blood gas
obtained during neonatal intensive care unit hospitalisation were found to be associated with mortality.
Conclusion: Congenital diaphragmatic hernia is a disease with high mortality and morbidity. In our studly,
we found that low birth weight, blood gas lactate and partial carbon dioxide values were associated
with mortality. Multicentre prospective studies should be conducted to establish follow-up guidelines
that will increase survival.

Keywords: Congenital diaphragmatic hernia, mortality, newborn
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GIRiS

Konjenital diyafragma hernisi (KDH), diyaframin gelisimsel
kusuruna bagli olarak batin ici organlarin toraks bosluguna
yerlesmesine neden olan, mortalitesi ylUksek dogumsal
bir defekttir. Sikligi 3000-5000 canli dogumda 1'dir!?
Vakalarin yaklasik %80'inde defekt sol tarafta gérulurken,
sag tarafli herni orani daha dusuktur? KDH izole sekilde
gorllebilecegi gibi, diger sistem anomalilerinin eslik ettigi
kompleks formlarda da ortaya ¢ikabilir.* KDH'nde mortalite
orani literatlrde %30 ile %60 arasinda bildirilmektedir.>”
KDH'nin etiyolojisinde maternal &zellikler ve genetik
faktorlerin - rol  oynadigl  dustntlmektedir; ancak
mekanizma halen tam olarak aydinlatilamamistir. Maternal
sigara ve alkol kullanimi, gen¢ anne yasi ve maternal
diyabetin KDH gelisiminde etkili olabilecegini gbsteren
calismalar bulunmaktadir®1°

KDH, perinatal tiptaki gelismeler sayesinde glnimuzde
antenatal dénemde tani alabilen ve c¢esitli tedavi
yontemlerinin  denendigi bir hastaliktir®® Sagkalimin
en onemli belirleyicileri pulmoner hipoplazi ve iligkili
pulmoner hipertansiyon (PHT)'dur? KDH'li olgularda
mortalite Uzerine etkili olabilecek demografik ve klinik
degiskenlerin incelendigi cok sayida calisma mevcuttur.
Bu ¢alismalarda sag yerlesimli herni, erkek cinsiyet, ilk 24
saatte pCO, degerinin >60 mmHg olmasi, maternal disuk
(<16) ya da ileri (>40) yas, karaciger ve mide herniasyonu
mortalite ile yakindan iligkili bulunmustur3-18

Prematlire bebeklerde KDH'nin prognozunu etkileyen

faktorlerin - arastirildigr  bir calismada, 37 haftadan
kicik dogan KDH'li bebeklerde sagkalim orani
anlamli  sekilde dusuk bulunmustur” Bu olumsuz

etki yalnizca diustuk dogum agirigindan degil, yetersiz

akciger gelisimi ve iliskili komplikasyonlardan da
kaynaklanmaktadir. Mekanik ventilasyon ydnteminin
sagkallim Gzerine etkili olmadigl bildirilmigtir.2'>202!

KDH'nde mortalite ile iliskili faktorlerin belirlenmesi,
operasyon zamani ve tedavi modaliteleri Uzerine
yUksek kanit dizeyine sahip Oneriler gelistirerek rehber
olusturulmasi agisindan dnem tasimaktadir.

Bu calismanin amaci, klinigimizde izlenen KDH tanili
hastalarin demografik ve klinik verilerini inceleyerek
mortaliteyi etkileyen faktorleri belirlemek ve literatire
katki sunmaktir.

YONTEM

Hastanemiz Uclncl basamak yenidogan yogun bakim
Unitesinde 01.12.2021-01.03.2025 tarihleri arasinda KDH
tanisi ile izlenen hastalarin verileri retrospektif olarak
incelendi. Hastalarin demografik verileri ve antenatal
ozellikleri; cinsiyet, gestasyon yasi, dogum sekli, dogumda
canlandirma gereksinimi, anne yasi, anne-baba akrabalig,
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gebelik sayisi, diyafragma hernili kardes 6ykust ve
antenatal tani varligl hasta dosyalarindan kaydedildi.

Antenatal veya postnatal dénemde KDH tanisi alan
bebekler calismaya dahil edildi. Verilerine ulasilamayan
ya da aile onami olmayan olgular ¢alisma disi birakildi.
Tam hastalara yenidogan yogun bakim yatisinda umbilikal
vendz kateterizasyon yapildi ve kan gazi 6rnegi alind.
Yasamin ilk bir saatinde yapilan kan gazi analizlerinde
pH, baz acig (BE, mEg/L), laktat duzeyi (mmol/L),
bikarbonat (mEg/L) ve pCO, (mmHg) degerleri dlguldu.
Ekokardiyografik incelemede konjenital kalp hastalig
(KKH) ve PHT varligi degerlendirildi. PHT; trikUspit
kapakta yetmezlik, sag atriyum basincinin 35 mmHg'nin
Uzerinde olmasi ve patent foramen ovale veya patent
duktus arteriozus dlizeyinde sag-sol ya da bidireksiyonel
sant varligi olarak kabul edildi. Yenidogan ddneminde
PHT etiyolojik olarak parankimal akciger hastaliklarina
bagli vazokonstriksiyon, hipoplastik pulmoner vaskuler
yatak veya yapisal vaskliler malformasyonlar seklinde
siniflandirilir;, KDH'nde genellikle hipoplazik pulmoner
vaskuler yataga bagli PHT gorultr??

Torakal ve abdominal bosluk ultrasonografik olarak
degerlendirilerek herni icerigi (karaciger, dalak, bébrek, mide,
barsaklar) belirlendi. Klinik izlem sirasinda periton diyaliz
gereksinimi, hava kacgagl gelisimi, mekanik ventilator ihtiyaci
ve tipi ile inotrop gereksinimi hasta kayitlarindan elde edildi.

Mortalite gelisen ve gelismeyen olgular iki gruba ayrildi
Gruplar arasinda antenatal ve postnatal ozellikler
karsilastirildi.

Calisma icin Saglik Bilimleri Universitesi, Diyarbakir Gazi
Yasargil Egitim ve Arastirma Hastanesi Etik Kurulu onayi
alindi (karar numarasi: 328, tarih: 07.02.2025).

istatistiksel Analiz

istatistiksel analizler SPSSv.22.0 yazilimi (SPSS Inc., Chicago,
IL, ABD) kullanilarak yapildi. Tanimlayici istatistikler say,
ortalama * standart sapma ve ytzde (%) degerleri olarak
sunuldu. Degiskenlerin normal dagilima uygunlugu
Kolmogorov-Smirnov testi ile degerlendirildi. iki grup
arasindaki kategorik degiskenlerin karsilastirilmasinda ki-
kare testi, normal dagilim gosteren surekli degiskenlerde
Student t-testi, normal dagilmayanlarda ise Mann-
Whitney U testi kullanildi. p<0,01 anlamli kabul edildi.
Mortaliteyi etkileyen faktorlerin optimal kesim degerlerine
gore duyarlilik ve ézgulliiklerini belirlemek icin alicr isletim
karakteristigi (AIK) analizi yapildi. Egri altindaki alan (EAA)
degerleri hesaplandi. Parametrelerin EAA degerlerinin
karsilastirilmasinda Delong testi kullanildi (duyarlilik +1
- 6zgulluk). EAA degeri 0,5-0,6 arasinda ise kotu, 0,6-0,7
orta, 0,7-0,8 kabul edilebilir, 0,8-0,9 mikemmel ve >0,9
olaganustl olarak degerlendirildi.



BULGULAR

Hastanemiz yenidogan yogun bakim Unitesinde toplam
30 hasta KDH tanisi ile takip edildi. Hastalardan yalnizca
biri dis merkezden KDH 6n tanisi ile sevk edilmisti.
Olgularin %63,3'0 sezaryen ile dogmus olup, %93,3'U
antenatal dénemde tani almisti. Hastalarin %96,6'sinda
sol diyafragma hernisi mevcuttu. Yenidoganlarin ortalama
dogum haftasi 36,5 (minimum-maksimum: 29-40) hafta,
ortalama dogum agirligi ise 2600 g (minimum-maks: 1000-
3400) olarak bulundu (Tablo 1).

Hastalarin %70'i (n=21) exitus olurken, sagkalim orani
%30 (n=9) idi. Erkek cinsiyet, dogum sekli, antenatal tani
varligi ve anne yas! ile mortalite arasinda anlaml iliski
saptanmadi. Herniye olan organlar arasinda karaciger

Tablo 1. Hastalarin demografik 6zellikleri

Degisken Sayi (n=30) (%) yiizde
Cinsiyet-erkek 19 63,3
Dogum sekli-sezaryen 1 36,6
Antenatal tani 28 93,3
Sol herni 29 96,6
Anne yasi (ortanca-aralik) | 29 (19-40)

5. dakika Apgar (ortanca- 401-8)

aralik)

Dogum haftasi (hafta, 36,5 (29-40)
ortanca-aralik)

Dogum agirligi (g, ortanca- 2600 (1000-3400)

aralik)

Surekli degiskenler ortanca (aralik) veya ortalama (+ standard sapma)
olarak belirtilmistir

TUNCEL ve ark. Konjenital Diyafragma Hernisi ve Mortalite

(p=0,61) ve mide herniasyonu (p=0,68) acisindan mortalite
ile sag kalan grup arasinda anlamli fark gérilmedi. Mortalite
gelisen hastalarin ortalama dogum agirligr 2371£551 g,
sag kalan bebeklerin ise 2935258 g idi; fark istatistiksel
olarak anlamli bulundu (p<0,01). Dogum haftasi mortalite
grubunda ortalama 35%25 hafta, sag kalanlarda 37,5%1,7
hafta olup fark istatistiksel olarak anlamli degildi (p=0,073)
(Tablo 2).

Toplam 30 hastanin 21'i mortal seyretmis olup, bu hastalarin
9una yasamin ilk 24 saati icinde kaybedildikleri icin
ekokardiyografi yapilamamistir. Ekokardiyografi yapilabilen
21 hastanin 12'sinde (%57,1) PHT saptanmistir. PHT saptanan
bu 12 hastanin 8'i mortal, 4’0 sag kalan gruptadir (Tablo 2).
Olgularin 2'sinde (%6,6) siyanotik kalp hastaligl, 2'sinde
(%6,6) ventrikiler septal defekt veya atriyoventrikller
septal defekt saptandi. Eslik eden diger anomaliler arasinda
santral sinir sistemi anomalisi, ekstremite kisaligl ve yarik
damak-dudak yer aldi. Diger sistemlere ait konjenital
anomaliler mortalite ile iliskili degildi (p>0,01).

Besinci dakika APGAR skorlari hayatta kalan bebeklerde
daha yuksek (medyan: 7, minimum-maks: 5-9) olmasina
ragmen fark istatistiksel olarak anlamli bulunmadi
(p=0,087). Hava kacag gelisimi mortalite grubunda daha
stk gorulmekle birlikte (n=18 vs. n=4), fark anlamUl degildi
(p=0,16) (Tablo 2).

Kan gazi analizlerinde mortalite grubundaki bebeklerde
pCO, duizeyleri (99-40 vs. 40-69 mmHg) ve laktat duzeyleri
(2,9-5,9 vs. 2,1-6,9 mmol/L) anlamli derecede yuksek
bulundu (p<0,01) (Tablo 2). Mortalite ile iliskili parametreler
arasinda laktat ve pCO, icin yapilan AIK analizinde EAA

Tablo 2. Konjenital diyafragma hernisinde mortalite ile iligkili faktorler

Degisken Mortalite var (n=21,%70) ;;)cr)t)alite yok (n=9, p degeri
Cinsiyet (erkek), n (%) 14 (66,7) 5 (55,6) 1,00
Dogum sekli (sezaryen), n (%) 7 (33,3) 4 (44,4) 0,41
Antenatal tani, n (%) 20 (95,2) 8(88,9) 1,00
Anne yasi (yil) 29 (19-40) 28,5 (14-37) 0,37
5. dakika Apgar 6 (3-9) 7 (5-9) 0,087
Dogum haftasi (hafta) 35+25 37,5%1,7 0,073
Dogum agirligi (g) 2371455] 29354258 <0,01
Karaciger herniasyonu, n (%) 13(61,9) 3(33,3) 0,61
Mide herniasyonu, n (%) 10(47,6) 5 (55,6) 0,68
pCO, (mmHg) 99-40 40-69 <0,01
Laktat (mmol/L) 2,9-5,9 2,1-6,9 <0,01
Hava kacag, n (%) 18 (85,7) 4 (44, 4) 0,16
Pulmoner hipertansiyon, n (%) 8(38,1) 4 (44, 4) 0,31
Operasyon glni (ortanca) 0 (0-3) 1,5(1-3) 0,04

Kalin yazilmis p degerleri istatistiksel anlamliligi géstermektedir (p<0,05)

295




Forbes J Med 2025;6(3):293-298

sirastyla 0,79 (0,7-0,8) ve 0,98 (>0,9) olarak bulundu. pCO,
degeri yUksek duzeyde anlamli kabul edildi. Laktat ve
pPCO,'nin kesim degerlerine gore yapilan analizde laktat
icin 2,3 mmol/L diizeyinde sensitivite %72,5 ve spesifisite
%62,5; pCO, icin >60 mmHg diizeyinde sensitivite %81,8 ve
spesifisite %100 oraninda mortalite ile iliskiliydi.

AiK analizinde hastalarin 5. dakika APGAR skoru, gestasyon
yas! ve dogum agirliginin mortalite Gzerine anlamli etkisi
saptanmadi (Tablo 3 ve 4, Sekil 1).

TARTISMA

KDH, perinatal tiptaki gelismelere ve neonatal bakim
olanaklarinin iyilesmesine ragmen haléa onemli bir
mortalite nedenidir. Bizim c¢alismamizda mortalite
orani %70,9 olarak saptandi. Cok merkezli bir calismada
gelismis Ulkelerde mortalite orani %20-30 iken, az
gelismis ve gelismekte olan Ulkelerde bu oran %90’lara
ulasmaktadir22 Ulkemizde yapilan calismalarda mortalite
orani %59,5 olarak, bir digerinde ise sagkalim orani %32,8
olarak bildirilmistir.2?> Bizim mortalite oranimizin literatiire
gbre yUksek olmasi, olgulardaki pulmoner hipoplazinin
ciddiyetiyle iligkili olabilir. Clnkl hastalarimizda hedef
preduktal ve postduktal satlrasyonlar yenidogan yogun
bakim yatisindan itibaren saglanamamis, olgularin %60’
(n=20) preoperatif donemde yuksek frekansli mekanik
ventilasyon (HFOV) ile izlenmistir. Bu durum mevcut
pulmoner rezervin yetersizligini gostermektedir. Gelismis
Ulkelerde KDH sagkalim oranlarinin inhalasyonla verilen
nitrik oksit ve ekstrakorporeal membran oksijenizasyonu
(ECMO) uygulamalarinin yayginlasmasiyla son 10 yilda
%20-30 duzeylerine dustugu bildirilmistir® Merkezimizde
solunum yetmezligi nedeniyle ekstrakorporeal tedavilerin
uygulanamamasi mortaliteyi etkileyen bir faktor olarak
degerlendirilmektedir.

Tablo 3. Serum laktat, Apgar skoru, gestasyonel hafta ve
parsiyel karbondioksit basinci ile mortalite iligkisi

Degisken EAA (%95 GA) | p degeri
Serum laktat (mmol/L) 0,79 0,01

5. dakika Apgar skoru 0,29 0,041
Gestasyonel hafta 0,28 0,042
Dogum agirligi (g) 0,14 0,07
pCO, (mHg) 0,98 <0,01

EAA: Egri altindaki alan, CA: Glven aralig

Tablo 4. Mortalite gelisen hasta grubunda serum laktat ve
pCO, degerleri

Degisken Esik degeri | (%) Duyarliik | (%) Ozgiilliik
Serum laktat

(mmol/L) 23 725 62,5

pCO, (mmHg) | 60 81,8 100
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KDH'de erkek cinsiyetin mortaliteyi artirabilecegi
bildirilmistir27242¢ Calismamizda erkek cinsiyet orani %61
olup, mortaliteyle iliskili bulunmadi. Literatirde karaciger
ve mide herniasyonunun postnatal mortaliteyi artirdig
bildirilmistir>% Bizim ¢alismamizda da bu organlarin
toraksta yer almasinin mortaliteye etkisi istatistiksel olarak
anlamli degildi.

Dogum odasindan itibaren KDH’'li olgularda akciger
koruyucu ventilasyon stratejileri uygulanmalidir. Hipoplazik
akcigerlerin barotravmadan korunmasi kisa ve uzun dénem
sonuglar dogrudan etkiler3”72 Baslangic ventilasyon
modu  secimlerinin  sagkalim  Uzerindeki  etkilerini
inceleyen calismalarda HFOV ventilasyon ve perflizyonu
iyilestirdigi, ancak mortaliteyi etkilemedigi bildirilmistir.®
Bizim olgularimizin %64'Unde baslangic modu olarak
HFOV uygulanmis, ancak sagkalim Uzerine anlaml etkisi
saptanmamistir. Hastalarimizin %56’sinda orta veya agir
PHT saptanmis, medikal tedavi verilmistir. Ekokardiyografik
olarak degerlendirilen bu vakalarda PHT varligi mortaliteyi
etkilememistir. Bunun hasta sayisinin kisitli olmasindan
kaynaklandigini disiinmekteyiz.

Dogum agirlig ile mortalite arasindaki iliski bircok
calismada incelenmistir?3° Bu calismalardan yalnizca
birinde dogum agiriginin sagkalimi etkileyen anlamli
bir faktor oldugu belirtilmistir? Bizim galismamizda da
exitus olan hastalarda dogum agirligi istatistiksel olarak
anlamli bicimde dustk bulundu. Prematurite, pulmoner

hipoplaziyi  siddetlendirerek  mortaliteyi  artirabilir.
AIK egrisi
1,0 Egrinin
kaynagi
—— 1.dakika
0,8 Apgar
— dogum
agirhgi
~ 06 —— gestasyon
= yasi
3 — ilk kan
2 04 gazi pCO,
— laktat
0,2
0,0
0,0 0,2 0,4 0,6 0,8 1,0
1- Ozgiilliik

Sekil 1. Dogum agirlig), gestasyon yasl, pCO,, laktat ve 5.
dakika Apgar skorunun mortalite ile iliskisi

AIK analizinden elde edilen egri altindaki alan degerleri
Tablo 3'te sunulmustur. AIK: Alici isletim karakteristigi



Retrospektif bir calismada 34. gebelik haftasi ve altindaki
olgularda mortalite oranlar daha yUksek bildirilmis, ancak
farkistatistiksel olarak anlamli bulunmamistir3 Calismamizda
gestasyon haftasi mortaliteyi etkilemedi; ancak 32 haftanin
altinda dogan iki olgu exitus oldu. Hasta sayisinin az olmasi bu
iliskinin istatistiksel olarak gosterilememesine neden olabilir.

Eslik eden anomaliler, 6zellikle KKH, KDH'de sagkalimi
onemli o6lclde etkileyen faktérlerdir. Kompleks KDH
olgularinda mortalite oranlarinin daha yuUksek oldugu
bildirilmigtir.2471013! Bizim serimizde 2 hastada siyanotik
KKH ve ek olarak sinir sistemi anomalisi, ekstremite kisalig
ve yarik damak-dudak mevcuttu. Ancak ek anomali varligi
mortaliteyle iliskili bulunmadi.

Postnatal ddnemde mortaliteyi dngdérmek ve ventilasyon
stratejilerini, operasyon zamanini ve ECMO gereksinimini
belirlemek icin daha fazla veriye intiyag vardir. ilk 24 saatteki
kan gazi parametrelerinin bu amagla kullanilabilecegi
bildirilmistir. Bir calismada ilk 24 saatteki en ylksek pCO,
degerinin mortalite ve ECMO gereksinimini dngdérdugu
rapor edilmistir? Bizim calismamizda pCO, >60 mmHg
degeri mortalite ile anlamli bicimde iliskili bulundu.

Operasyon zamanina iliskin literatlirde net bir gérus birligi
yoktur. Avrupa ve Kanada KDH rehberlerinde hastanin
kardiyovaskuler ve solunumsal stabilizasyonu saglandiktan
sonra elektif cerrahi yapilmasi dnerilmektedir>3° Bizim
olgularimizda 9 hasta postnatal ilk 24 saat icinde agir
solunum yetmezligi nedeniyle kaybedildi. Klinik olarak
stabil hale getirilen 5 olgu postnatal ilk 24 saatte, 6 olgu
ise 24-48 saat arasinda opere edildi; medyan operasyon
gunla 0,8 idi. Operasyon zamaninin mortaliteyle iliskisi
bulunmadi.

Calisma Kisituliklari

Galismamizin retrospektif tasarimi ve sinirli érneklem sayisi,
sonuclarin genellenebilirligini kisitlamaktadir. Postnatal ilk giin
kaybedilen hastalarda klinik ve laboratuvar degerlendirmelerin
tamamlanamamasi sonuglarin gvenilirligini azaltmaktadir.

SONUC

KDH, antenatal dénemden itibaren
yaklasim gerektiren ciddi bir neonatal solunum
problemidir.  Sagkalim  oranlarinin  artirilmasi  icin
merkezlerin tedavi protokollerini bireysellestirerek dogum
odasi stabilizasyonu, mekanik ventilasyon stratejileri, kan
gazl hedefleri ve operasyon zamanini dikkatle belirlemesi
gerekmektedir. Ayrica secilmis hastalarda ekstrakorporeal
destek tedavilerinin uygulanabilirliginin degerlendirilmesi

onemlidir.
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Case Report / Olgu Sunumu

Horizontal Gaze Palsy with Progressive Scoliosis (HGPPS) in a
Consanguineous Family: A Case Report

Akraba Evliligi Olan Bir Ailede Horizontal Bakis Paralizisi ve

Progresif Skolyoz: Bir Olgu Sunumu
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ABSTRACT

Horizontal gaze palsy with progressive scoliosis is a rare autosomal recessive disorder caused by biallelic
variants in ROBO3, a gene essential for commissural axon crossing in the hindbrain and spinal cord.
It is characterized by the congenital absence of horizontal eye movements and progressive scoliosis,

typically presenting in childhood or adolescence.

Keywords: Horizontal gaze palsy with progressive scoliosis, HGPPS, ROBO3, brainstem, malformation

oz

Horizontal bakis paralizisi ve ilerleyici skolyoz, beyin sapi ve omurilikte komissural akson gecisi icin
gerekli olan ROBO3 genindeki bialelik varyantlardan kaynaklanan nadir bir otozomal resesif bozukluktur.
Dogumsal horizontal gbz hareketlerinin yoklugu ve genellikle cocukluk veya ergenlik déneminde ortaya

ctkan ilerleyici skolyoz ile karakterizedir.

Anahtar Kelimeler: Horizontal bakis paralizisi ve ilerleyici skolyoz, HGPPS, ROBO3, beyin sap,

malformasyon
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INTRODUCTION

Horizontal gaze palsy with progressive scoliosis (HGPPS) is
a rare autosomal recessive disorder first described in 1974
It is characterized by a congenital absence of horizontal
eye movements and progressive scoliosis, both of which
usually become apparentduring childhood oradolescence.
The condition is caused by biallelic pathogenic variants in
the Roundabout homolog 3 (ROBO3) gene, which encodes
a receptor essential for commissural axon crossing within

the hindbrain and spinal cord.2 Impaired ROBO3-mediated
signaling results in defective horizontal gaze control
and abnormal spinal cord circuitry underlying scoliosis
progression. To date, almost 100 patients with HGPPS
have been reported and 55 ROBO3 mutations have been
identified, most of them occurring in consanguineous
families3 We present a 17-year-old male with genetically
confirmed HGPPS, highlighting the clinical, radiological,
and genetic findings and intrafamilial recurrence.
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CASE REPORT

A17-year-old male was referred for evaluation of impaired
horizontal eye movements, scoliosis, and decreased vision.
His parents were consanguineous (first cousins). The family
history revealed an older brother with a similar clinical
phenotype, including limitation of horizontal gaze and
scoliosis requiring surgical correction, whereas another
brother was healthy. Both parents were unaffected.
Segregation analysis could not be performed in the parents
or the affected brother due to technical limitations;
however, the same variant was presumed to be present in
the affected brother.

The patient's medical history included congenital torticollis
identified during infancy, along with horizontal gaze
restriction observed in early childhood. Cervicothoracic
and thoracolumbar scoliosis progressed with advancing
age. Despite these findings, his cognitive and motor
developmental milestones were appropriate for his
chronological age.

Neurological examination revealed complete restriction
of horizontal eye movements, with preserved upward
and downward gaze. The remainder of the cranial nerve
examination was normal, with no facial asymmetry.
Examinations of the pyramidal and extrapyramidal systems
were unremarkable. Ophthalmological evaluation showed
bilateral optic atrophy, and the patient required corrective
lenses. Spinal evaluation identified an S-shaped scoliosis,
characterized by a left-convex curve at the cervical and
upper thoracic levels and a right-convex curve at the lower
thoracic and upper lumbar regions.
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Cranial magnetic resonance imaging (MRI) demonstrated
mild hypoplasia of the medulla oblongata and pons within
the posterior fossa, along with a midline cleft extending
to the floor of the fourth ventricle and involving the
midsagittal planes of both structures (Figure 1). Spinal
MRI demonstrated scoliosis, with a Cobb angle of 12°
showing left convexity at the cervical and upper thoracic
levels and right convexity at the lower thoracic and upper
lumbar levels (Figure 2). A long-segment syrinx measuring
up to 3 mm was observed within the thoracic spinal cord
at the level of the T8-9 disc. Additionally, minor central
protrusions were noted at the C4-5 and Cé6-7 disc levels.
The transverse processes of the L5 vertebra were sacralized.
At the L4-5 disc level, degenerative signal loss and mild
annular bulging were present. Genetic testing using a

Figure 1. Axial T2-weighted cranial magnetic resonance
imaging demonstrates a fissure extending from the
posterior midsagittal aspects of the pons (a) and the
medulla oblongata (b) to the floor of the fourth ventricle
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Figure 2. Integrative genomics viewer screenshot showing the homozygous c.1904G>A variant in ROBO3
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skeletal dysplasia gene panel identified a homozygous,
likely pathogenic variant in ROBO3 (c.1904G>A, p.Trp635%),
a gene previously associated with HGPPS (Figure 2). Based
on these clinical and radiological findings, a diagnosis
of HCGPPS was considered. Notably, the homozygous
c.1904G>A (p.Trp635*) variant identified in our patient has
not been previously reported in the literature.

DISCUSSION

HGPPS is a distinct clinical entity that should be suspected
in patients presenting with congenital horizontal gaze
palsy and progressive scoliosis, particularly in the setting
of consanguinity. Our patient exhibited the classical
clinical features, including absence of horizontal eye
movements, torticollis in infancy, and progressive scoliosis
in adolescence. The presence of an affected sibling in
the family further supported the autosomal recessive
inheritance pattern.

Atinitial evaluation, the differential diagnosis encompassed
a broad spectrum of genetic and mitochondrial disorders,
including Duane retraction syndrome, Moebius syndrome,
congenital fibrosis of the extraocular muscles, congenital
oculomotor apraxia, and polymerase gamma-related
mitochondrial disease, because of the combination of
ophthalmological and neurological manifestations.®
However, the characteristic brain MRI findings-hypoplasia
of the pons and medulla with a midline cleft extendinginto
the floor of the fourth ventricle-together with progressive
scoliosis were pivotal in narrowing the differential
diagnosis. These features strongly suggested HGPPS,
enabling us to establish a targeted genetic hypothesis and
reach a definitive diagnosis more rapidly.

Neuroimaging abnormalities are highly suggestive of
HGPPS and reflect impaired axonal guidance in the
hindbrain resulting from ROBO3 dysfunction® The
identification of a homozygous likely pathogenic ROBO3
variant (c1904C>A) in our patient provided molecular
confirmation of the diagnosis. Although segregation testing
could not be performed, the affected brother is highly likely
to carry the same variant, further supporting its pathogenic
role. This variant has not been previously reported in
any published case, representing a novel addition to the
ROBO3 mutational spectrum. This truncating variant
introduces a premature stop codon predicted to result in
loss of function, which aligns with the established disease
mechanism. In the limited number of cases reported to
date, loss-of-function variants have consistently been
implicated in HGPPS, further reinforcing the pathogenicity
of the truncating variant observed in our patient. Our case
also highlights an unusual feature-bilateral optic atrophy-
which has not been consistently reported in HGPPS and
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may represent either a coincidental finding or an expansion
of the phenotype. Longitudinal follow-up is necessary to
clarify its clinical relevance.

Management of HGPPS remains supportive, primarily
consisting of ophthalmological monitoring and orthopedic
interventions for scoliosis” Early recognition is important
not only to anticipate complications but also to guide
genetic counseling and to avoid unnecessary investigations
for other neurogenetic or mitochondrial disorders.

CONCLUSION

We report a consanguineous family with two affected
siblings who present with the classical features of HGPPS
and who carry a homozygous, likely pathogenic ROBO3
variant. This case underlines the importance of considering
HGPPS in patients with congenital horizontal gaze palsy
and progressive scoliosis, and emphasizes the diagnostic
utility of brain MRl and genetic testing. In our patient, the
characteristic MRI findings, together with scoliosis, were
the key diagnostic clues that directed us toward HGPPS
and enabled earlier genetic confirmation, thereby avoiding
extensive investigations for other mitochondrial or
neurogenetic disorders. Recognition of this rare disorder is
essential for timely counseling, surveillance, and supportive
management.
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