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Differential Olfactory Dysfunction Indicates Inflammation and Network

Degeneration in Multiple Sclerosis

Multipl Sklerozda Koku islev Bozuklugu Paternleri: Enflamasyon ve Néral Ag Dejenerasyonu ile iliskisi

® Asli Aksoy Giindogdul, ® Dilcan Kotan2, ® Ayse Oznur Akidil3, ® Giirkan Kayabasoglu4, ® Aytug Altundags

1Department of Neurology, Tekirdag Namik Kemal University, Faculty of Medicine, Tekirdag, Turkiye

2Department of Neurology, Sakarya University, Faculty of Medicine, Sakarya, Tirkiye

3Department of Otorhinolaryngology, University of Health Sciences Tiirkiye, Bakirkdy Dr. Sadi Konuk Training and Research Hospital, istanbul, Tiirkiye

4Alle Clinic, istanbul, Tiirkiye

SDepartment of Otorhinolaryngology, Biruni University, Faculty of Medicine, istanbul, Tiirkiye

ABSTRACT

Objective: Multiple sclerosis (MS) is an inflammatory, demyelinating
and neurodegenerative disease of the central nervous system.
Although olfactory dysfunction in MS has been investigated for
decades, systematic assessment remains limited. This study aimed
to evaluate olfactory function in people with MS (PwMS) in relation
to clinical parameters and magnetic resonance imaging (MRI) plaque
distribution, using the Sniffin’ Sticks test.

Methods: Twenty-eight patients with MS, one participant with clinically
isolated syndrome (22 women, 75.9%), and 27 healthy controls were
included. Participants with primary olfactory disorders were excluded.
Clinical disability was assessed using the Expanded Disability Status
Scale (EDSS). Plaque locations on brain MRI scans were recorded.
The Sniffin” Sticks test was performed, and threshold, discrimination,
identification, and total threshold + discrimination + identification
(TDI) scores were obtained for each participant.

Results: Threshold, identification, and TDI scores were significantly
lower in PwWMS than in controls (p = 0.021, 0.004, and 0.005,
respectively). Discrimination, identification, and TDI scores were
significantly correlated with age (p = 0.001, 0.048, and 0.004,
respectively) and with disease duration (p = 0.001, 0.028, and 0.001,
respectively). Olfactory performance was unrelated to sex, smoking,
clinical classification, EDSS, or MRI plaque distribution (all p > 0.05).
A progressive disease course did not influence olfactory measures (p
>0.05).

6z

Amag: Multipl skleroz (MS), merkezi sinir sisteminin enflamatuvar,
demiyelinizan ve noérodejeneratif bir hastaligidir. MS’te koku islev
bozuklugu uzun yillardir arastiriimasina ragmen koku islevini sistematik
ve ¢ok boyutlu bigimde degerlendiren ¢alismalarin sayisi halen sinirlidir.
Bu calismada, MS’li bireylerde koku islevinin klinik parametreler ve
manyetik rezonans gorintilemedeki (MRG) plak dagilimi ile olan
iliskisinin Sniffin’ Sticks testi kullanilarak degerlendirilmesi amaglandi.

Yontemler: Calismaya ardisik 28 MS hastasi, bir klinik izole sendrom
katilimcisi (22 kadin, %75,9) ve 27 saglikli kontrol dahil edildi. Primer koku
bozukluguna yol agabilecek herhangi bir durumu bulunan katilimcilar
calisma disinda birakildi. Klinik dizabilite genisletilmis engellilik
durumu 6lgegi (EDSS) ile degerlendirildi. Beyin MRG incelemelerinde
saptanan demiyelinizan plaklarin anatomik lokalizasyonlari ayrintili
olarak kaydedildi. Sniffin” Sticks testi uygulanarak her katilimcinin koku
esigi, ayirt etme, tanima ve toplam esik + ayirt etme + tanimlama (TDI)
skorlari ayri ayri elde edildi.

Bulgular: Esik, tanima ve TDI skorlari hasta grubunda kontrollere gére
anlaml dizeyde dusukti (sirasiyla p = 0,021, 0,004 ve 0,005). Ayirt
etme, tanima ve TDI skorlari yas (sirasiyla p = 0,001, 0,048 ve 0,004)
ve hastalik suresiyle (sirasiyla p = 0,001, 0,028 ve 0,001) anlaml
diizeyde iliskiliydi. Koku performansi cinsiyet, sigara kullanimi, klinik
siniflandirma, EDSS veya MRG plak dagilimi ile iliskili degildi (tim p >
0,05). Progresif hastalik seyri koku dlgtimlerini etkilemedi (p > 0,05).
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Aksoy Glindogdu et al. Olfactory Dysfunction in MS

ABSTRACT

Conclusion: Olfactory dysfunction can be observed across MS subtypes
and becomes more pronounced with increasing age and longer
disease duration. Threshold impairment may reflect inflammatory
activity, whereas reductions in identification and TDI scores likely
indicate cumulative neurodegeneration. Multidimensional olfactory
testing is simple, accessible, and low-cost. Our findings support its use
as a non-invasive complementary biomarker for monitoring long-term
neurodegenerative processes in MS.

Keywords: Multiple sclerosis, olfactory dysfunction, Sniffin” Sticks test,
threshold, discrimination, identification

0z

Sonug: Koku bozuklugu MS alt tiplerinde gorilebilmekte ve artan
yas ve daha uzun hastalik slresiyle belirginlesmektedir. Esik
bozuklugu enflamatuvar aktiviteyi yansitabilirken tanima ve TDI
skorlarindaki dislsler muhtemelen kiimdlatif nérodejenerasyonu
gostermektedir. Cok boyutlu koku degerlendirmesi basit, erisilebilir
ve distik maliyetlidir. Bulgularimiz, bu yontemin MS’de uzun dénemli
nérodejeneratif sireglerin izlenmesinde non-invaziv tamamlayici bir
biyobelirte¢ olarak kullanimini desteklemektedir.

Anahtar Soézciikler: Multipl skleroz, koku islev bozuklugu, Sniffin” Sticks
testi, esik, ayrim, tanima

INTRODUCTION

Olfactory function is mediated by a neural network consisting of
both peripheral and central pathways. Impaired olfactory function
negatively affects daily functioning and quality of life (1,2). Olfactory
dysfunction is observed in several neurological diseases such as
Parkinson’s disease, Alzheimer’s disease, Huntington disease, motor
neuron disease, multiple sclerosis (MS) and migraine (3-7).

MS is a chronic, immune-mediated disease characterized by
inflammation, demyelination and neuroaxonal degeneration of the
central nervous system (8). Although optic nerve, brainstem, and
spinal cord symptoms are well recognized, olfactory dysfunction
in MS remains frequently underdiagnosed (6,9). Histopathological
evidence demonstrates demyelination and axonal degeneration in
the olfactory bulb and tract in approximately 70% of MS brains (10).

The prevalence of olfactory dysfunction in MS ranges from 30% to
75% and has been associated with longer disease duration, higher
Expanded Disability Status Scale (EDSS) scores and greater plaque
load particularly within frontal and temporal regions (6,7,11,12).
Recent studies show that olfactory impairment is more pronounced
in progressive MS and correlates with clinical worsening and
disability progression (6,7,13).

Emerging evidence indicates that olfactory impairment reflects
central network-level neurodegeneration, particularly involving
orbitofrontal, limbic and associative cortices (14,15). Longitudinal
magnetic resonance imaging (MRI) studies have shown that a
decline in olfactory performance parallels structural degeneration in
these regions and that orbitofrontal cortex atrophy is strongly linked
to impaired odor identification (16).

Various olfactory assessment tools have been used in MS, including
the University of Pennsylvania smell identification test, the brief
smell identification test, the Connecticut Chemosensory clinical
research center test, and the Sniffin’ Sticks test (12,17-19). The
Sniffin’ Sticks test provides a three-domain evaluation (threshold,
discrimination, identification) and has been validated in the Turkish
population (20).

Furthermore, recent clinical work supports the Sniffin’ Sticks test as
a practical clinical marker in MS monitoring (13,16). This study aimed
to evaluate olfactory function in MS using the Sniffin’ Sticks test and
to determine relationships between olfactory function and disease
duration, EDSS score, and MRI plaque distribution.
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MATERIALS AND METHODS

Patient Selection

This study included 29 patients aged 18-65 years, comprising 28
patients with MS and one participant with clinically isolated syndrome
(CIS), classified according to the 2017 revised McDonald criteria (21)
together with 27 healthy controls. Patients were recruited from the
MS outpatient clinic of the Department of Neurology, and healthy
controls from the Department of Otorhinolaryngology at patients
were recruited from the MS outpatient clinic of the Department of
Neurology, and healthy controls from the outpatient clinic of the
Department of Otorhinolaryngology at Sakarya University Training
and Research Hospital. The control group consisted of individuals
without neurological disease or known olfactory dysfunction.
The study was approved by the Institutional Ethics Committee of
Sakarya University, Faculty of Medicine (ethical approval number:
E-16214662-050.01.04-28539-97, date: 21.04.2021), and written
informed consent was obtained from all participants.

Exclusion criteria included subjective olfactory complaints, nasal
obstruction, history of nasal surgery, nasal polyps, rhinitis, paranasal
sinusitis, recent upper respiratory tract infection, head trauma,
toxic exposures, smoking smoking >20 cigarettes/day cigarettes/
day, pregnancy, hormone replacement therapy, diabetes mellitus,
hypertension, major neurological or psychiatric disorders, severe
cognitive impairment, Alzheimer’s disease, and Parkinson’s
disease. Patients who had experienced an MS relapse or received
corticosteroid treatment within 30 days of olfactory testing were
also excluded.

Demographic and clinical data, including age, sex, smoking status,
relapse history, and medication use, were recorded. Disease-related
variables included disease duration and clinical classification: CIS,
relapsing-remitting MS (RRMS), primary progressive MS (PPMS), or
secondary progressive MS (SPMS). Neurological examinations were
performed by the same neurologist. Disability level was assessed
using the EDSS.

Olfactory Assessment

Olfactory function was assessed using the Sniffin’ Sticks test (Burghart
Medical Technology, Wedel, Germany), a validated psychophysical
battery that evaluates three domains: Odor threshold, odor
discrimination and odor identification. The three subscores were
summed to obtain the TDI composite score.
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The test was performed in a well-ventilated, odor-free room,
following standardized procedures. Participants were instructed
to refrain from consuming food or beverages (other than water),
smoking, or using scented products for at least 1 hour before testing.
Odorants were presented in felt-tip dispensers. The pen cap was
removed for a few seconds, and the tip was held approximately 1-2
cm in front of both nostrils.

Odor threshold was assessed using n-butanol in a 3-alternative
forced-choice staircase paradigm. For each trial, one pen contained
n-butanol at ascending dilutions (1:2 dilution steps), and two
pens contained only solvent. Participants identified the pen with
the odorant, and the threshold score was calculated after seven
reversals based on the lowest correctly recognized concentration.
Odor discrimination was evaluated using 16 triplets of pens, each
consisting of two pens with identical odors and one pen with a
different odor. Participants were asked to identify the pen with a
different odor. Odor identification was assessed using 16 common
odorants, each presented with four response options. A minimum
30-second interval was maintained between odor presentations
to prevent olfactory desensitization. Each subtest had a maximum
score of 16 points, and the total TDI score reflected global olfactory
performance (range: 0-48), with higher scores indicating better
function (Table 1).

Based on established normative criteria, TDI scores <16.5 were
classified as anosmia, scores of 16.5-30.5 as hyposmia, and scores
>30.5 as normosmia. Threshold, discrimination, and identification
scores of <10, <12, and <11, respectively, were considered abnormal
(Table 2).

MRI

MRI was performed using a 1.5 T scanner. MRI abnormalities were
evaluated by an experienced neurologist blinded to the olfactory
test results. T2-weighted and FLAIR sequences were used to
assess hyperintense demyelinating plaques, while T1-weighted
sequences were used to assess hypointense lesions. Post-contrast
gadolinium-enhanced T1 images were reviewed to determine the
presence of active lesions. Plaque localization was recorded across
the following regions: Frontal, temporal, parietal, and occipital;
brainstem; cerebellum; cervical spinal cord; and periventricular and/
or juxtacortical areas.

Statistical Analysis

Statistical analyses were performed using the SPSS 24.0 software
package (SPSS Inc., Chicago, IL, USA). Categorical variables were
expressed as frequencies and percentages, and continuous variables
as means and standard deviations or medians and interquartile
ranges, as appropriate. Normality of the distribution was assessed

Table 1. Classification of olfactory function according to Sniffin” Sticks
TDI criteria.

Classification =~ TDI score range Interpretation

Anosmia <16.5 Absence of functional olfaction

Hyposmia 16.5-30.5 Reduced olfactory function

Normosmia >30.5 Normal olfactory function

using the Kolmogorov-Smirnov test. Group comparisons were
performed using the chi-squared test for categorical variables,
and the independent t-test, Mann-Whitney U test, One-Way
ANOVA, or Kruskal-Wallis test for continuous variables, depending
on distributional assumptions. Correlations between olfactory
measures and clinical variables were examined using Pearson’s
correlation analysis. Values of p < 0.05 were considered statistically
significant.

RESULTS

The patient group comprised 28 patients with MS and one patient
with CIS; the control group included 27 healthy participants. There
were no significant differences between the groups regarding age,
sex distribution, or smoking status (all p > 0.05). Demographic and
clinical characteristics are presented in Table 3.

Based on the TDI score, one participant in the patient group
(3.4%) was classified as anosmic, and 17 (58.6%) were classified as
hyposmic. Abnormal threshold, discrimination, and identification
scores were observed in 16 (55.2%), 20 (69.0%), and 17 (58.6%)
participants, respectively. In the control group, 5 (18.5%)
participants were classified as hyposmic based on the TDI score,
while abnormal threshold, discrimination, and identification scores
were observed in 4 (14.8%), 19 (70.4%), and 8 (29.6%) participants,
respectively. Compared with healthy controls, the patient group
showed significantly lower odor threshold, identification, and total
TDI scores (p = 0.021, 0.004, 0.005, respectively) (Table 3).

According to clinical classification, 13 patients (44.8%) had RRMS, 1
patient (3.4%) had CIS, 1 patient (3.4%) had PPMS, and 14 patients
(48.3%) had SPMS. 15 patients (51.7%) had a progressive disease
course. There were no significant differences in olfactory threshold,
discrimination, identification, or total TDI scores across the clinical
classifications (all p > 0.05). The presence of a progressive disease
course did not influence olfactory performance (all p > 0.05).

MRI showed periventricular plaques in all 29 participants in the
patient group (100%), followed by juxtacortical plaques in 18
(62.1%), frontal plaques in 16 (55.2%), cervical spinal cord plaques in
16 (55.2%), temporal plaques in 12 (41.4%), brainstem plaques in 12
(41.4%), and cerebellar plaques in 5 (17.2%) (Table 4). No significant
associations were found between plaque distribution in any region
and olfactory scores (all p > 0.05).

Correlation analysis showed that, in the patient group, odor
discrimination, identification, and total TDI scores were significantly
correlated with age (r = -0.600, -0.370 and -0.514; p = 0.001, 0.048
and 0.004, respectively) and disease duration (r = -0.592, -0.409
and -0.579; p = 0.001, 0.028 and 0.001, respectively) (Table 5). No

Table 2. Sniffin’ Sticks subtest cut-off values and interpretation of
abnormal scores.

Subtest Cut-off Interpretation of scores below cut-
score off
Threshold (T) <10 Reduced odor detection sensitivity

Discrimination (D) <12 Impaired differentiation between

odor qualities

Identification (1) <11 Impaired odor recognition

TDI: Threshold + discrimination + identification scores (range 0-48).

Cut-off values based on validated normative data.
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Table 3. Demographic, clinical characteristics and Sniffin’ Sticks test scores of the MS and control groups.

Patient group Control group (n=27) p-value
(n=29)
Sex: n (% female) 22 (75.9%) 15 (55.6%) 0.109
Age: years * SD (min.-max.) 38.86 +11.38 (23-65) 29.7 +5.94 (19-63) 0.057
Smoking: n (%) 8(27.6%) 12 (44.4%) 0.188
Disease duration: mean + SD (years) 11.45 +8.29 - -
EDSS: mean % SD (min.-max.) 3.5+2.7(0-8) - -
OTS: mean = SD 9.81+3.49 11.62+£1.93 0.021*
ODS: mean + SD 10.21+2.44 10.7+1.93 0.405
OIS: mean + SD 9.28+3.2 11.3+1.51 0.004*
TDI: mean + SD 29.21+6.64 33.51+3.83 0.005*

MS: Multiple sclerosis, SD: Standard deviation, EDSS: Expanded disability status scale, OTS: Odor threshold score, ODS: Odor discrimination score, OIS: Odor

identification score, TDI: Threshold, discrimination, and identification.

Table 4. Distribution of demyelinating plaques by anatomical region on
MRI in the patient group (n = 29).

Region n (%)
29 (100%)

18 (62.1%)

Periventricular

Juxtacortical

Frontal 16 (55.2%)
Temporal 12 (41.4%)
Cerebellar 5(17.2%)

Brainstem 12 (41.4%)

Cervical spinal cord 16 (55.2%)

MRI: Magnetic resonance imaging.

significant correlation was observed between EDSS scores and any
olfactory measure (all p > 0.05).

DISCUSSION

Olfactory function is increasingly recognized as a clinically relevant
neurobiological marker in MS (6,13). In this study, we demonstrated
impaired global olfactory performance in the patient group compared
with healthy controls, consistent with previous studies reporting
olfactory dysfunction in 30% to 75% of patients with MS (6,22). In our
cohort, 58.6% of patients were classified as hyposmic and 3.4% as
anosmic based on TDI scores, corresponding to an overall olfactory

dysfunction frequency of 62.1%. Odor threshold, identification, and
total TDI scores were significantly lower than those of the control
group. Odor discrimination did not differ significantly between the
patient and control groups, supporting the notion that individual
olfactory subdomains may reflect distinct underlying mechanisms.

Consistent with earlier findings, we observed that odor identification,
discrimination, and TDI scores were lower with increasing age and
longer disease duration (7). This observation supports the hypothesis
that olfactory performance reflects cumulative neurodegenerative
burden rather than acute inflammatory activity. In contrast,
odor threshold impairment has been associated with short-term
inflammatory processes, particularly during relapsing-remitting
phases (23). Other studies suggest that threshold abnormalities may
show sensitivity to inflammatory activity, whereas identification
and discrimination deficits more strongly reflect neurodegenerative
mechanisms (23-25). Our results align with this view, as abnormal
threshold scores were observed in more than half of the patients,
suggesting that threshold impairment may indicate ongoing
inflammatory activity.

Importantly, we found no significant relationships between olfactory
test performance and clinical MS subtype, EDSS score, or MRI plaque
distribution. Previous studies have reported mixed results, with
some indicating correlations between olfactory dysfunction, higher
EDSS scores, and progressive disease course (13,26,27), while others
found no such associations (6,17,28,29). Our findings suggest that
EDSS scores and plaque counts obtained by conventional MRI may
not adequately reflect the functional impact of MS on the olfactory
network. Standard imaging techniques often lack the sensitivity to

Table 5. Correlations between age, disease duration, EDSS scores, and olfactory test scores for the patient group.

Sniffin’ Sticks test Age Disease duration EDSS

results r p r p r p
oTS -0.234 0.221 -0.330 0.080 -0.058 0.766
oDSs -0.600** 0.001 -0.592** 0.001 -0.268 0.160
(o] -0.370* 0.048 -0.409* 0.028 -0.278 0.144
TDI -0.514** 0.004 -0.579** 0.001 -0.276 0.148

EDSS: Expanded disability status scale, OTS: Odor threshold score, ODS: Odor discrimination score, OIS: Odor identification score, TDI: Threshold, discrimination,
and identification, *: Correlation is significant at the 0.05 level, **: Correlation is significant at the 0.01 level.
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detect subtle microstructural and network-level changes that likely
contribute to olfactory impairment.

The network-based model of olfactory dysfunction provides an
integrative framework for understanding the multisystem nature
of olfactory impairment in MS. Consequently, plaque burden
detected on conventional MRl may not adequately represent the
physiologically relevant network-level damage underlying olfactory
dysfunction. Advanced imaging studies have shown significant
correlations between olfactory deficits and reduced olfactory
bulb volume, frontotemporal cortical thinning, and reduced
connectivity across olfactory network pathways (6,7,30-33). In our
cohort, plaques were predominantly located in periventricular and
juxtacortical regions; however, no significant associations were
found between plaque topography and olfactory scores. This finding
may be attributed to the limited spatial resolution of standard MRI
rather than the absence of true structural involvement.

Taken together, these findings emphasize that olfactory impairment
in MS arises from distributed inflammatory and neurodegenerative
processes rather than from isolated focal lesions. This highlights the
importance of comprehensive olfactory assessment as a clinically
feasible and non-invasive approach for detecting subtle network-
level alterations that may occur before measurable functional
decline.

Among the olfactory subcomponents, threshold impairment appears
to reflect ongoing inflammatory activity, whereas identification
and discrimination deficits may correspond to cumulative
neurodegenerative burden. This pattern has been observed in several
recent studies demonstrating that odor threshold fluctuates with
relapse-related inflammation, while identification and discrimination
scores show progressive reduction with longer disease duration and
greater cortical atrophy(13,23-25,34). Evaluating these subcomponents
separately, rather than relying solely on the composite TDI score,
may provide deeper insights into the transition from inflammation
to neurodegeneration in MS and may support the development of
olfactory testing as a complementary clinical biomarker.

From a clinical perspective, olfactory assessment represents a simple,
inexpensive, and non-invasive tool that can be easily incorporated
into routine neurological evaluations. By assessing threshold,
discrimination, and identification separately, multidimensional
olfactory testing may help distinguish inflammatory activity from
cumulative neurodegeneration in people with MS. Integrating
olfactory evaluation with neuroimaging and cognitive assessment
may enhance early detection of disease progression and identify
patients at higher risk for neurodegenerative decline (13). As
recent studies have underscored the value of sensory biomarkers
in neuroinflammatory disorders, olfactory measures could serve as
complementary indicators reflecting both functional and structural
aspects of central nervous system involvement (13,25,34). Further
longitudinal studies are warranted to determine whether specific
olfactory parameters can reliably predict clinical or radiological
disease activity, thereby refining their role as complementary
biomarkers in MS monitoring.

Study Limitations

This study has several limitations. First, the relatively small sample
size and cross-sectional design limit the generalizability of our

findings and preclude causal inferences. The small number of
patients within individual clinical categories also reduced the
statistical power of subgroup comparisons. Therefore, the absence
of significant subtype-related differences should be interpreted
cautiously. Second, patients experiencing acute relapses or
receiving corticosteroid treatment were excluded, limiting our
ability to evaluate the direct effects of acute inflammation on
olfactory function. Third, only conventional MRI techniques were
used, which may not have been sufficiently sensitive to detect
subtle microstructural or network-level alterations associated with
olfactory impairment. Future longitudinal studies using advanced
neuroimaging methods in larger and more diverse MS populations
are needed to confirm and extend these findings.

CONCLUSION

Olfactory dysfunction was frequent in patients with MS. Lower
discrimination, identification, and total TDI scores were associated
with older age and longer disease duration. Threshold impairment
may be related to inflammatory processes, whereas lower
identification and discrimination scores may reflect cumulative
neurodegenerative changes. Comprehensive olfactory assessment
is a practical, non-invasive, and inexpensive approach that may
complement clinical evaluation in MS. Longitudinal studies are
needed to determine whether olfactory measures can be used to
monitor neurodegenerative changes or disease progression.
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ABSTRACT

Objective: To determine the effects of topical 10% Centella asiatica
gel, oral Channa striata extract, and their combination on systemic
interleukin (IL)-6 and wound tissue tumor necrosis factor(TNF)-a levels
in a Wistar rat model of diabetic incision wound.

Methods: This in vivo experimental study used a post-test-only control
group design. Diabetes was induced with nicotinamide followed by
streptozotocin. Male Wistar rats aged 10 weeks and weighing 180-200
g were randomized into five groups (n = 5/group): Non-diabetic wound
control, diabetic wound plus vehicle, diabetic wound plus oral Channa
striata extract, diabetic wound plus topical 10% Centella asiatica gel,
and diabetic wound plus combination therapy. Serum IL-6 and wound
tissue TNF-a were measured by sandwich ELISA at study termination.

Results: Serum IL-6 differed significantly among groups (One-Way
ANOVA, p = 0.008). Compared with the diabetic vehicle group, serum
IL-6 was significantly lower in the oral Channa striata group (p = 0.004)
and the combination group (p = 0.043). The oral Channa striata group
did not differ significantly from the combination group (Tukey HSD, p =
0.796). Wound tissue TNF-o. did not differ significantly among groups
(Kruskal-Wallis, p = 0.100).

Conclusion: Oral Channa striata, either alone or combined with topical
Centella asiatica gel, was associated with lower serum IL-6, whereas
wound tissue TNF-a was not significantly changed. The combination did
not show an additive serum IL-6 reduction beyond oral monotherapy
in this model.

0z

Amag: Diyabetik insizyonel yara olusturulan Wistar sigani modelinde,
topikal %10 Centella asiatica jeli, oral Channa striata ekstresi ve bu
iki uygulamanin kombinasyonunun sistemik interlokin (IL)-6 ve yara
dokusu timor nekroz faktori (TNF)-o dizeyleri Gzerindeki etkilerini
belirlemek.

Yontemler: Bu in vivo deneysel ¢calismada, yalnizca son test 6lgimuniin
yapildigi  kontrol gruplu deneysel tasarim kullanildi. Diyabet,
nikotinamid uygulamasini takiben streptozotosin verilerek indiiklendi.
On haftalik, 180-200 g agirligindaki erkek Wistar siganlari, her grupta
bes hayvan olacak sekilde (n = 5/grup) rastgele bes gruba ayrildi:
Diyabetik olmayan yara kontrol grubu, tasiyici uygulanan diyabetik
yara grubu, oral Channa striata ekstresi uygulanan diyabetik yara
grubu, topikal %10 Centella asiatica jeli uygulanan diyabetik yara
grubu ve kombinasyon tedavisi uygulanan diyabetik yara grubu.
CGalisma sonunda serum IL-6 ve yara dokusu TNF-a diizeyleri sandvig
ELISA yontemiyle 6lgildi.

Bulgular: Serum IL-6 dizeyleri gruplar arasinda istatistiksel olarak
anlamli farklilik gosterdi (tek-yonli varyans analizi, p = 0,008). Diyabetik
taslyici grubuyla karsilastirildiginda, serum IL-6 dizeyleri oral Channa
striata ekstresi uygulanan grupta (p = 0,004) ve kombinasyon tedavisi
uygulanan grupta (p = 0,043) anlamli olarak daha dusukti. Oral Channa
striata ekstresi uygulanan grup ile kombinasyon tedavisi uygulanan
grup arasinda istatistiksel olarak anlamli bir farklilik saptanmadi (Tukey
HSD testi, p = 0,796). Yara dokusu TNF-a diizeyleri ise gruplar arasinda
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ABSTRACT

Keywords: Centella asiatica, Channa striata, diabetic wound,
interleukin-6, tumor necrosis factor-alpha, diabetes mellitus

0z

istatistiksel olarak anlamli farklik gostermedi (Kruskal-Wallis testi, p
=0,100).

Sonug: Oral Channa striata ekstresi, tek basina veya topikal
Centella asiatica jeli ile birlikte uygulandiginda daha dusik serum
IL-6 duzeyleriyle iliskili bulundu; buna karsilik yara dokusu TNF-a
dizeylerinde istatistiksel olarak anlamli bir degisiklik saptanmadi.
Bu modelde, kombinasyon tedavisinin serum IL-6 dizeylerini oral
monoterapinin sagladigi azalmanin 6tesinde distrdiagine iliskin bir
bulgu elde edilmedi.

Anahtar Sozciikler: Centella asiatica, Channa striata, diyabetik yara,
interlokin-6, timor nekroz faktoru-alfa, diabetes mellitus

INTRODUCTION

Diabetes mellitus remains a major global health burden, with
chronic wounds among its most serious complications. Persistent
hyperglycemia disrupts normal wound healing by causing
vascular dysfunction, impaired cellular responses, and prolonged
inflammation. Diabetic wounds are characterized by excessive
inflammatory activity, including dysregulation of pro-inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-a) and
interleukin-6 (IL-6). This sustained inflammatory state increases
proteolytic activity, impairs extracellular matrix formation, and
delays progression to the proliferative and remodeling phases,
resulting in poor wound healing and adverse clinical outcomes (1-3).

Recent evidence supports the use of botanical and nutraceutical
adjuvants to optimize wound healing in diabetes. Centella asiatica
has been widely investigated for topical wound care; contemporary
reviews and experimental studies highlight triterpenoid-rich
constituents, including asiaticoside and madecassoside, that may
promote fibroblast activity, collagen synthesis, re-epithelialization,
angiogenesis, and inflammatory regulation (4-7). In parallel,
Channa striata supplementation has gained attention as a systemic
nutritional therapy rich in albumin and essential amino acids; clinical
and experimental reports suggest acceleration across inflammatory,
proliferative, and maturation phases of wound repair, including in
diabetic wound contexts (8-10). A recent systematic review and
meta-analysis also indicates that topical and oral herbal products
can support diabetic foot ulcer healing, strengthening the rationale
for integrative approaches (11).

Despite this progress, the current state of the art remains fragmented.
Centella asiatica is commonly evaluated as topical monotherapy orin
topical combinations, whereas Channa striata is frequently studied
as a standalone oral intervention with limited concurrent assessment
of inflammatory biomarkers (6-8,10). Consequently, there is limited
mechanistic evidence on whether a dual-route strategy, consisting
of local topical therapy plus systemic oral support, can differentially
affect systemic and local inflammatory biomarkers, including serum
IL-6 and wound tissue TNF-a in diabetic incisional wounds. Therefore,
this study aimed to evaluate the effects of topical Centella asiatica
gel, oral Channa striata extract, and their combination on serum IL-6
and wound tissue TNF-a levels in a streptozotocin-nicotinamide-
induced diabetic Wistar rat incisional wound model.
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MATERIALS AND METHODS

Study Design and Animals

This in vivo study used a post-test-only control group design and was
conducted at the IBL Laboratory, Universitas Islam Sultan Agung,
Semarang, Indonesia, from November 2025 to January 2026. Wistar
rats weighing 180-200 g were housed with a 12-hour light/dark cycle
and chow and water ad libitum. After 7 days of acclimatization,
animals were allocated into five groups: G1, non-diabetic wound
with topical base gel and oral vehicle; G2, diabetic wound with
topical base gel and oral vehicle; G3, diabetic wound with oral
Channa striata extract and topical base gel; G4, diabetic wound with
topical 10% Centella asiatica gel and oral vehicle; and G5, diabetic
wound with combined oral Channa striata extract and topical 10%
Centella asiatica gel.

After acclimatization, each rat was assigned a unique identification
code. Rats assigned to the non-diabetic wound control group were
allocated to G1. Rats intended for the diabetic groups underwent
streptozotocin-nicotinamide induction, and random blood glucose
was measured 72 hours later. Only rats with random blood glucose
levels 2200 mg/dL were considered eligible for diabetic group
allocation. Eligible diabetic rats were then randomly allocated to G2,
G3, G4, or G5 using a computer-generated random number list, with
a final target of five rats per group.

As illustrated in Figure 1, several subjects could not be included
in the final analysis during the study period. Four subjects did not
meet the inclusion criteria based on post-induction random blood
glucose levels, as their values did not reach the threshold specified
in the protocol, and were therefore categorized as exclusions. In
addition, one subject in Group 2 died during the study period and
was categorized as a dropout. Therefore, the statistical analysis and
reporting of results were conducted using an effective sample size of
five rats in each treatment group.

The investigator responsible for outcome data collection, including
ELISA-related outcome measurement and data recording, was
blinded to group allocation to minimize assessment bias. Treatment
administration was performed according to the assigned intervention
groups, whereas outcome measurements were conducted using
coded animal and sample identifiers without revealing group
information to the data collector.
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Figure 1. Animal flow diagram of the study. Thirty animals were initially prepared. Four animals were excluded because post-induction random blood
glucose levels did not reach the diabetic threshold specified in the protocol. One animal in G2 died during the study period and was categorized as a

dropout. The final analysis included 25 animals, with five rats in each group.

Sample size was estimated using the Federer formula, (t-1)(n-1)
>15, as a minimum sample-size approach for exploratory animal
experiments involving multiple groups. This calculation yielded a
minimum of five rats per group. A formal a priori power analysis
based on predefined effect size, alpha level, and target power
was not performed. Therefore, this study should be interpreted
as an exploratory preclinical study, particularly for outcomes with
potentially modest between-group differences.

Ethical Approval

Procedures were approved by the Bioethics Committee of Sultan
Agung Islamic University, Semarang, Indonesia (no: 671/X11/2025/
Komisi Bioetik, date: 15.12.2025). Patient consent was not applicable
because this experimental study involved animals and did not
include human participants.

Diabetes Induction and Wound Model

After overnight fasting, diabetes was induced by intraperitoneal
nicotinamide at 120 mg/kg, followed 15 minutes later by
streptozotocin at 65 mg/kg. Streptozotocin was freshly prepared
immediately before injection by dissolving it in cold sodium citrate

buffer, pH 4.5. The streptozotocin solution was protected from
light during preparation and administered shortly after dissolution
to minimize degradation. The injection volume was calculated
individually according to each rat’s body weight and the prepared
streptozotocin concentration to deliver the intended dose. Random
blood glucose was measured from the tail vein 72 hours later, and
rats with levels 2200 mg/dL were considered diabetic. For wound
creation, animals were anesthetized with ketamine (80 mg/kg)
and xylazine (10 mg/kg). The dorsal area was shaved, disinfected
with povidone-iodine, and a 2-cm linear incision reaching the
subcutaneous layer was created on the dorsal skin. The wound was
left open.

An incisional wound model was selected because the primary
objective of this study was to evaluate inflammatory biomarker
responses in a standardized local wound environment, rather than to
quantify macroscopic wound contraction or closure rate. Incisional
wounds provide a reproducible linear injury with controlled length
and depth, allowing wound-edge tissue sampling for local cytokine
assessment. In contrast, excisional wound models are more
commonly used when the main outcomes are wound area reduction,
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contraction, granulation tissue formation, and closure dynamics.
Therefore, the incisional model was considered appropriate for this
exploratory biomarker-focused study, while the absence of wound
contraction and closure-rate measurements was acknowledged as
a limitation (12,13).

Interventions

Interventions were administered for 7 consecutive days. G1 and G2
received topical base gel and oral vehicle. G3 received oral Channa
striata extract (100 mg/100 g body weight/day) with topical base
gel. G4 received topical 10% Centella asiatica gel (200 pg/cm?) with
oral vehicle. G5 received both interventions at the same doses.
The Channa striata extract was reconstituted before use, and the
Centella asiatica gel was prepared in a carbopol-based formulation
containing 10% ethanolic extract.

Before formulation, the Centella asiatica ethanolic extract underwent
qualitative triterpenoid screening and total flavonoid determination
using a quercetin standard curve. Asiaticoside and madecassoside
were not quantified. The Channa striata extract was not analyzed for
albumin or total protein content.

Doses were selected as fixed exploratory preclinical doses based
on prior wound-healing evidence for each component, rather than
on formal dose-response optimization. The oral Channa striata
dose of 100 mg/100 g body weight/day was selected to provide
systemic nutritional support, because previous oral Channa striata
studies reported improved wound-repair parameters, including
tensile strength, fibroblast count, and hydroxyproline content,
and systematic evidence suggests that Channa striata may exert
wound-healing and anti-inflammatory effects through albumin,
amino acids, fatty acids, and other bioactive constituents (8-10). The
topical 10% Centella asiatica gel dose at 200 pg/cm? was selected
to provide local wound-bed exposure, because topical Centella
asiatica preparations and triterpenoid-rich formulations have been
associated with improved wound repair through anti-inflammatory,
antioxidant, fibroblast-stimulating, collagen-regulating, angiogenic,
and re-epithelialization mechanisms (4-7,11). Because this study
evaluated a dual-route combination rather than a dose-response
model, one fixed dose of each intervention was used to assess
preliminary biological plausibility.

Outcome Measures and Sample Collection

Random blood glucose was reassessed on day 8. At the end of
treatment, blood was collected for IL-6, centrifuged, and stored
until analysis. Wound-edge tissue was excised for TNF-a, rinsed with
phosphate-buffered saline, and homogenized in lysis buffer.

Serum IL-6 was selected to represent systemic inflammatory activity,
whereas wound tissue TNF-a was selected to represent the local
inflammatory response at the wound site. Because these biomarkers
were measured in different biological compartments, their responses
were interpreted as complementary rather than directly equivalent
indicators of inflammation.

ELISA Assay

Serum IL-6 and wound tissue TNF-o. were quantified using
commercially available sandwich ELISA kits specific for rat samples.
Serum IL-6 was measured using a Rat IL-6 Quantikine ELISA Kit (R&D
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Systems, USA; catalog no. R6000B; species reactivity: rat), whereas
wound tissue TNF-o. was measured using a Rat TNF-a Quantikine ELISA
Kit (R&D Systems, USA; catalog no. RTAOO; species reactivity: rat). For
wound tissue TNF-o. measurement, wound-edge tissue was weighed
before homogenization, and tissue samples were homogenized
using a standardized tissue-to-lysis buffer ratio. Specifically, 1 mL of
fresh lysis buffer was added for every 200 mg of wound tissue. The
homogenate was centrifuged, and the supernatant was used for ELISA
analysis. TNF-a concentrations were calculated from the standard
curve and expressed as pg/mL of tissue homogenate. The values were
not normalized to total protein concentration because total protein
quantification was not performed. Serum IL-6 concentrations were
expressed as pg/mL. Absorbance was read at 450 nm with correction
at 570/630 nm, and concentrations were calculated from standard
curves according to the manufacturers’ instructions.

Statistical Analysis

Data are presented as mean * standard deviation. Normality
was assessed using the Shapiro-Wilk test and homogeneity using
Levene’s test. Pre-treatment blood glucose levels were compared
across groups using Welch’s ANOVA followed by the Games-Howell
post-hoc test. Post-treatment blood glucose levels and serum IL-6
levels were analyzed using One-Way ANOVA followed by Tukey’s HSD
post-hoc test. Within-group blood glucose changes were analyzed
using the Wilcoxon signed-rank test. Wound tissue TNF-a. levels were
analyzed using the Kruskal-Wallis test because one group violated
the normality assumption and the sample size was small, despite
homogeneous variance based on Levene’s test. This conservative
non-parametric approach was selected to reduce reliance on
normal-distribution assumptions. A p-value < 0.05 was considered
statistically significant. Analyses were performed using IBM SPSS
Statistics version 26.0 for Windows.

RESULTS

Phytochemical screening of the Centella asiatica ethanolic extract
showed a positive triterpenoid result, indicated by the formation of
an orange ring after the addition of acetic anhydride and H,SO,. Total
flavonoid analysis using a quercetin standard curve (10-100 ppm; R?
= 0.9988) revealed a mean absorbance of 0.64 and a total flavonoid
content of 0.4006 mgQE/g extract.

As shown in Table 1, pre-treatment random blood glucose levels
confirmed clear glycemic separation between the non-diabetic
control group and the diabetic groups. G1 showed normoglycemic
values, with a mean RBG of 104.2 + 11.78 mg/dL and a range of 93-
122 mg/dL. In contrast, the diabetic groups showed substantially
higher pre-treatment RBG values, ranging from 344.6 + 27.36
mg/dL in G5 to 396.2 £ 61.27 mg/dL in G4, confirming successful
induction of diabetes before treatment allocation. After treatment,
G1 remained normoglycemic, with a mean RBG of 78.4 + 21.27 mg/
dL. The diabetic groups continued to show higher RBG levels than
G1, although descriptive variation was observed across groups.
Among the diabetic groups, the highest post-treatment mean RBG
was observed in G2 (355.0 + 25.24 mg/dL), whereas the lowest was
observed in G5 (290.6 + 49.55 mg/dL).

As shown in Table 2 and Figure 2, serum IL-6 levels varied across
groups, with the highest mean observed in G2 (6.478 + 1.256 pg/
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mL) and the lowest mean observed in G3 (4.064 + 0.509 pg/mL). The
combination group (G5) showed a lower IL-6 mean (4.708 + 0.609)
than G2. Assumption testing supported parametric comparison,
with Shapiro-Wilk p > 0.05 for all groups and Levene’s test p = 0.512.
One-Way ANOVA confirmed a statistically significant difference in

Serum IL-6 Levels

P =0.043*

P =0.004*

—
G1 G2 G3 G4 G5

Figure 2. Serum IL-6 concentrations across experimental groups. Data are
presented as mean + SD (pg/mL), n = 5 per group. Statistical analysis was
performed using One-Way ANOVA followed by Tukey HSD post-hoc test.
*p < 0.05 for the indicated pairwise comparison.

N W A OO O N OO ©

o =

Data are presented as mean + SD. The asterisk (*) indicates statistically significant
post-hoc differences between the indicated groups (p < 0.05). SD: Standard
deviation, IL: Interluekin.

serum IL-6 among groups (F = 4.703; p = 0.008), with a large effect
size (eta-squared = 0.485).

Post-hoc analysis using Tukey HSD showed that the statistically
significant differences in serum IL-6 were primarily driven by
comparisons involving G2. Serum IL-6 was significantly higher in
G2 than in G3 (mean difference = 2.414, p = 0.004) and G5 (mean
difference = 1.770, p = 0.043). Other relevant post-hoc comparisons
were not statistically significant, including G1 vs. G2 (p = 0.121), G2
vs. G4 (p = 0.139), G3 vs. G4 (p = 0.445), G3 vs. G5 (p = 0.796), and
G4 vs. G5 (p = 0.973). These findings indicate that the combination
group did not differ significantly from either oral Channa striata
monotherapy or topical Centella asiatica monotherapy and did
not demonstrate an additional systemic IL-6 reduction beyond oral
Channa striata alone.

Table 3 and Figure 3 summarize wound tissue TNF-a concentrations
expressed as pg/mL of tissue homogenate, together with assumption
testing and the between-group comparison. Mean TNF-a was
230.82 £ 16.41 in G1, 234.12 + 19.71 in G2, 245.44 + 4.26 in G3,
239.91 £ 15.11 in G4, and 252.83 + 5.83 in G5. Shapiro-Wilk testing
identified a deviation from normality in G2 (p = 0.042), whereas
the remaining groups satisfied the normality assumption (p > 0.05).
Variance homogeneity was supported by Levene’s test (p = 0.112).
Although variance homogeneity was satisfied, the Kruskal-Wallis test
was selected because one group violated the normality assumption
and the sample size was small. This conservative non-parametric
approach was used to reduce reliance on normal-distribution

Table 1. Pre - and post-treatment random blood glucose levels across experimental groups.

Group n Pre-treatment RBG, mean * SD (mg/dL) Post-treatment RBG, mean * SD (mg/dL)
(min-max) (min-max)

G1 5 104.2 +11.78 78.4 +21.27
(93-122) (58-112)

G2 5 381.6 £50.76 355.0+25.24
(329-445) (326-392)

G3 5 393.8 £31.29 327.0 £35.27
(361-425) (292-364)

G4 5 396.2 £ 61.27 336.0 £ 30.09
(314-465) (298-374)

G5 5 344.6 +£27.36 290.6 +49.55
(310-382) (216-339)

RBG: Random blood glucose, SD: Standard deviation, G1: Non-diabetic wound control, G2: Diabetic wound plus vehicle, G3: Diabetic wound plus oral Channa
striata extract, G4: Diabetic wound plus topical 10% Centella asiatica gel, G5: Diabetic wound plus combination therapy.

Table 2. Serum IL-6 concentrations (pg/mL): Descriptive statistics, assumption tests, and One-Way ANOVA.

Parameter G1 G2 G3 G4 G5

Mean + SD (pg/mL) 5.012 +0.883 6.478 +1.256 4.064 +0.509 5.056 +1.081 4.708 £ 0.609
Shapiro-Wilk p-value 0.975 0.357 0.806 0.893 0.954

Levene p-value (based 0.512

on mean)

One-Way ANOVA p-value 0.008*

Shapiro-Wilk p > 0.05 indicates normal distribution. Levene p>0.05 indicates homogeneous variances, *: Indicates p < 0.05 (statistically significant), SD: Standard
deviation, G1: Non-diabetic wound control, G2: Diabetic wound plus vehicle, G3: Diabetic wound plus oral Channa striata extract, G4: Diabetic wound plus topical
10% Centella asiatica gel, G5: Diabetic wound plus combination therapy, IL: Interleukin.

471



Gazi Med J 2026;37(4):467-474

Nabih et al. Channa striata and Centella asiatica in Diabetic Wounds

assumptions. The Kruskal-Wallis test did not demonstrate a
statistically significant difference in wound tissue TNF-a across
groups (x> = 7.769, df = 4, p = 0.100).

Individual animal-level values for pre-treatment random blood
glucose, post-treatment random blood glucose, serum IL-6, and
wound tissue TNF-a are provided in Supplementary Table S1.

DISCUSSION

This study showed a clearer effect on systemic IL-6 than on
wound tissue TNF-a. Oral Channa striata (G3) and the combined
intervention of topical Centella asiatica plus oral Channa striata (G5)
were associated with significantly lower serum IL-6 compared with
the diabetic vehicle group (G2), whereas wound tissue TNF-a did
not differ significantly among groups. This pattern suggests that the
tested interventions modulated systemic inflammatory tone more
detectably than local TNF-a. expression at the selected endpoint.
Because blood glucose changes among diabetic groups were not
significant, the IL-6 reduction was more likely related to inflammatory
modulation than to short-term glycemic improvement.

The key negative finding of this study is the absence of a clear
combination advantage. Although both oral Channa striata
monotherapy and the combination treatment showed lower serum
IL-6 than the diabetic vehicle group, the combination group was
not significantly different from oral Channa striata alone (G3 vs. G5,

Wound tissue TNF-a expression
300

250
I

200

150

100

50

0
G1 G2 G3 G4

Figure 3. Wound tissue TNF-a concentrations across experimental groups.
Data are presented as mean + SD (pg/mL tissue homogenate), n = 5 per
group. Statistical analysis was performed using the Kruskal-Wallis test. No
statistically significant difference was observed among groups (p = 0.100).

G5

SD: Standard deviation, TNF: Tissue tumor necrosis factor.

p =0.796). Therefore, the present data do not support superiority of
the combined intervention over oral Channa striata monotherapy,
and the findings should not be interpreted as evidence of additive or
synergistic anti-inflammatory effects.

The diabetic vehicle group showed the highest serum IL-6,
which was consistent with the inflammatory biology of diabetic
wounds. Hyperglycemia can sustain oxidative stress, immune-cell
dysfunction, macrophage dysregulation, and delayed inflammatory
resolution, thereby maintaining a pro-inflammatory cytokine milieu
that includes IL-6 and TNF-a (14-17). However, the difference in
serum IL-6 between the non-diabetic wound control group (G1)
and the diabetic vehicle group (G2) was not statistically significant.
This finding does not invalidate the diabetic wound model, because
successful diabetes induction was supported by clear post-induction
hyperglycemia and sustained elevation of random blood glucose
in the diabetic groups (18). Nevertheless, it indicates that serum
IL-6 alone may not function as a robust systemic inflammatory
discriminator between non-diabetic and diabetic wounded rats in this
experimental setting, since circulating IL-6 is generally interpreted as
a marker of peripheral or systemic inflammatory activity (19). Several
factors may explain this pattern, including the acute incisional wound
stimulus in both G1 and G2, the short observation window, biological
variability, and the limited sample size, as wound healing involves
dynamic and phase-dependent inflammatory responses mediated
by immune cells and pro-inflammatory cytokines (20). Therefore, the
IL-6 results should be interpreted primarily as treatment-associated
systemic inflammatory modulation within this model, rather than
as definitive evidence that serum IL-6 independently distinguished
diabetic from non-diabetic wound inflammation. In this context,
the lower IL-6 levels observed in G3 and G5 should be interpreted
as attenuation of systemic inflammatory activity, not as complete
suppression of the inflammatory phase required for tissue repair.

The most important interpretive point is that the serum IL-6
effect appeared to be driven primarily by the oral Channa striata
component. This interpretation was supported by the post-hoc
pattern: G3 had the lowest mean IL-6, G5 was also lower than G2,
and G3 did not differ significantly from G5 (p = 0.796). Oral Channa
striata may influence systemic inflammatory status through albumin-
rich nutritional support, amino acid availability, and bioactive lipid
or protein-related components that participate in tissue repair and
immune regulation (8-10). Therefore, the dual-route design remains
theoretically plausible, but the systemic cytokine signal observed
in this study was not additive when topical Centella asiatica was
combined with oral Channa striata.

Table 3. Wound tissue TNF-a concentrations (pg/mL tissue homogenate): Descriptive statistics and assumption tests (Shapiro-Wilk, Levene) with

Kruskal-Wallis.

Parameter G1 G2 G3 G4 G5

Mean + SD 230.82 £ 16.41 234.12£19.71 245.44 + 4.26 239.91+15.11 252.83 £5.83
Shapiro-Wilk p-value 0.878 0.042 0.901 0.267 0.440

Levene p-value (based  0.112

on mean)

Kruskal-Wallis p-value ~ 0.100

Shapiro-Wilk p > 0.05 indicates normal distribution. Levene p > 0.05 indicates homogeneous variances, SD: Standard deviation, G1: Non-diabetic wound control,
G2: Diabetic wound plus vehicle, G3: Diabetic wound plus oral Channa striata extract, G4: Diabetic wound plus topical 10% Centella asiatica gel, G5: Diabetic

wound plus combination therapy, TNF: Tissue tumor necrosis factor.
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The absence of additive IL-6 reduction in the combination group
may have several biological explanations. First, oral Channa striata
may have produced a near-maximal systemic IL-6 response within
the short treatment window, leaving limited measurable room for
further reduction by the topical component. Second, topical Centella
asiatica may act predominantly at the wound microenvironment
rather than in the circulation, through effects on fibroblast activity,
extracellular matrix formation, re-epithelialization, angiogenesis,
oxidative stress, and local inflammatory signaling (4-7). Third,
a single serum cytokine at one endpoint may not capture local
reparative benefits of topical therapy. Thus, the present findings do
not negate the rationale for combination therapy, but they indicate
that systemic IL-6 alone is insufficient to prove an added contribution
of topical Centella asiatica.

The TNF-a findings require careful interpretation. Although mean
wound tissue TNF-a was numerically highest in G5, the overall
between-group difference was not statistically significant (p =
0.100). This directional pattern warrants discussion because
the combination group showed a higher mean TNF-a value than
both the non-diabetic wound control group and the diabetic
vehicle group. One possible interpretation is that the combined
intervention may have been associated with transiently greater
local inflammatory signaling at day 7, which could reflect ongoing
wound-edge remodeling rather than treatment failure (21,22).
However, this interpretation remains speculative because wound
inflammation is dynamic and phase-dependent, particularly in
diabetic wounds, and the present study did not include serial
cytokine measurements, histological assessment, wound-
closure analysis, collagen deposition, or angiogenesis endpoints
to distinguish adaptive inflammatory activity from persistent
maladaptive inflammation (14,21,22). We therefore interpret this
pattern primarily as biological variability and limited statistical
resolution rather than evidence that the combination therapy
increased local inflammation.

Serum IL-6 and wound tissue TNF-o. were measured in different
biological compartments; therefore, serum IL-6 was interpreted as
a marker of systemic or peripheral inflammatory activity, whereas
wound tissue TNF-a was interpreted as a marker of local wound-site
inflammation. These outcomes were considered complementary
and were not directly compared as equivalent inflammatory
readouts (19,21,22).

TNF-a expression in wounds is dynamic and phase-dependent; at
approximately one week after injury, local inflammatory signaling
may still coexist with active repair processes. Consequently, local
TNF-a. values should not be assumed to parallel serum IL-6, and a
single endpoint cannot determine whether the observed TNF-a
pattern represented adaptive inflammation, delayed resolution, or
random variation.

Overall, the findings refine rather than fully confirm the original dual-
route premise. The study supports a systemic anti-inflammatory
contribution of oral Channa striata, while the incremental systemic
benefit of adding topical Centella asiatica was not demonstrated
by serum IL-6 measurement. Importantly, this study should be

interpreted as an inflammatory biomarker study in a diabetic
incisional wound model rather than as direct evidence of improved
wound repair. No direct wound-healing endpoints were assessed,
such as wound closure rate, wound area reduction, epithelialization,
granulation tissue formation, collagen deposition, angiogenesis, or
histopathological scoring. Therefore, the present findings indicate
changes in selected inflammatory biomarkers, particularly systemic
IL-6, but do not demonstrate that the interventions improved
structural or functional wound healing. Future combination
studies should not rely solely on circulating cytokines but should
integrate serial cytokine profiling with local structural and functional
endpoints, including wound contraction, re-epithelialization,
collagen deposition, angiogenesis, histopathology, and tissue-level
inflammatory markers. Such endpoints are needed to determine
whether biomarker modulation translates into improved wound
repair (20-22).

Study Limitations

This study has several limitations. The sample size was determined
using the Federer formula rather than a formal power analysis,
which may have limited the ability to detect smaller between-
group differences, particularly for wound tissue TNF-a. Outcome
measurement was performed with coded samples and blinded
assessment, but treatment administration was not blinded because
the interventions differed in route and formulation. Extract
characterization was limited because specific Centella asiatica
triterpenoids and Channa striata protein components were not
quantified. Cytokines were measured at a single endpoint, and
serum IL-6 did not differ significantly between G1 and G2, limiting
its discriminatory value as a systemic inflammatory marker in this
model. No direct structural or functional wound-healing endpoints,
such as wound contraction, epithelialization, collagen deposition,
angiogenesis, or histopathological scoring, were assessed. Therefore,
the observed IL-6 reduction cannot be interpreted as direct evidence
of improved tissue repair. Additionally, only male Wistar rats and
an incisional wound model were used, limiting generalizability to
chronic diabetic ulcers in humans.

CONCLUSION

Oral Channa striata, either alone or combined with topical 10%
Centella asiatica gel, was associated with lower serum IL-6 compared
with diabetic vehicle treatment in this Wistar rat diabetic incisional
wound model. Wound tissue TNF-a did not differ significantly among
groups, and the combination did not show an additive systemic IL-6
reduction beyond oral Channa striata monotherapy.
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ABSTRACT

Objective: The rising incidence and mortality of breast cancer highlight
the importance of awareness of BRCA1/2-related hereditary breast
and ovarian cancer. Appropriate genetic understanding and counseling
improve outcomes in disease management.

Methods: This study aimed to evaluate the knowledge and awareness
levels of physicians at the Ankara University, Faculty of Medicine using
a questionnaire administered to 110 physicians.

Results: Among physicians, 47.7% reported adequately informing
patients with BRCA mutations, whereas most reported difficulties
in accessing genetic testing. Significant associations were observed
between specialty knowledge and guideline knowledge, and between
self-reported knowledge and actual knowledge. Physicians’ ability to
identify BRCA-associated cancers was correlated with both physicians’
specialty and education level.

Conclusion: The results indicate a mismatch between perceived
and actual knowledge levels and reveal gaps in both awareness
and access to genetic services. The study underlines the need for
improved education and integration of BRCA-related knowledge into
clinical practice, emphasizing that medical education and clinical
training in cancer genetics are crucial for early diagnosis and effective
patient counseling, benefiting both current and future healthcare
professionals.

Keywords: BRCA1 and BRCA2, breast cancer, knowledge and
awareness, physician
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Amag: Meme kanserinin artan insidansi ve mortalitesi, BRCA1/2
ile iliskili kahtsal meme ve over kanseri farkindaliginin 6nemini
vurgulamaktadir. Uygun genetik yaklasim ve danismanlik, hastalk
yonetimindeki klinik sonuglari iyilestirmektedir.

Yontemler: Bu galisma, 110 hekime uygulanan bir anket aracihigiyla
Ankara Universitesi, Tip Fakiiltesi’/nde gérev yapan hekimlerin bilgi ve
farkindalik diizeylerini degerlendirmeyi amaclamistir.

Bulgular: Hekimlerin %47,7’si BRCA mutasyonu taslyan hastalari
yeterince bilgilendirdigini bildirirken, buytk bir ¢ogunlugu genetik
testlere erisimde zorluk yasadiklarini ifade etmistir. Uzmanlik alani
bilgisi ile kilavuz bilgisi arasinda ve 6z bildirime dayal bilgi diizeyi ile
gercek bilgi diizeyi arasinda anlamliiliskiler gozlemlenmistir. Hekimlerin
BRCA ileiiliskili kanserleri tanimlama yeteneginin hem uzmanlik alanlari
hem de egitim dizeyleri ile korelasyon oldugu bulunmustur.

Sonug: Sonuglar, algilanan ve gergek bilgi dlzeyleri arasinda bir
uyumsuzluk olduguna isaret etmekte, ayrica hem farkindalik hem de
genetik hizmetlere erisim konularindaki eksiklikleri ortaya koymaktadir.
Bu calisma, BRCA ile iliskili bilgilerin klinik uygulamaya entegre
edilmesine ve daha iyi bir egitime duyulan ihtiyacin altini gcizmektedir.
Kanser genetigi alanindaki tip egitiminin ve klinik egitimin, erken teshis
ve etkili hasta danismanligi agisindan kritik bir 6neme sahip oldugu
ve hem mevcut hem de gelecekteki saglik profesyonellerine fayda
saglayacagi vurgulanmaktadir.

Anahtar Sozciikler: BRCA1 ve BRCA2, meme kanseri, bilgi ve farkindalik,
hekim
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INTRODUCTION

Breast carcinoma is the leading cause of cancer mortality in women
in Turkiye, mainly due to lack of awareness and delayed diagnosis (1).
BRCA1 and BRCA2 mutations significantly increase lifetime breast
cancer risk (2) and hereditary breast and ovarian cancer (HBOC)
syndrome accounts for approximately 10% of breast cancer cases
(3). “The BRCA1 gene, located on chromosome 17, and the BRCA2
gene, located on chromosome 13, encode proteins that (i) regulate
the transcription of other genes, (ii) control the cell cycle and (iii)
repair breaks in DNA through homologous recombination (4).

When BRCA1 and BRCA2 genes are mutated, they can lose their
control function and become responsible for the individual’s greater
hereditary predisposition to neoplastic development. Breast and
ovarian cancers are the most frequently occurring neoplasms
associated with pathogenic variants of the BRCA1 and BRCA2
genes (5). Inherited disease-causing variants in BRCA1/2 increase
risks of breast, ovarian, fallopian tube, primary peritoneal cancers,
and in men, breast and prostate cancers; both sexes face elevated
pancreatic cancer risk (6).

Genetic testing involves risk assessment through counseling regarding
family cancer history, thereby guiding testing decisions. About 13%
of women in the general population develop breast cancer, while
55-72% with disease causing BRCA1 variants and 45-69% with
BRCAZ2 variants develop breast cancer by age 70-80 (7-9). Risk varies
according to individual factors. Women with BRCA1/2 variants face
higher risk of contralateral breast cancer, increasing to 20-30% at 10
years and 40-50% at 20 years post-diagnosis (8-10). The cumulative
risk of all types of skin cancer from age 20 to 80 years is shown to be
14.1% for BRCA1 carriers and 10.7% for BRCA2 carriers (11).

BRCA1/2 associated cancer susceptibility is relatively high in Tirkiye
when compared with United States and European countries (3-4% in
Europe, up to 15% in United States) (12), according to a study, 15.1%
of Turkish patients with a family history of breast and/or ovarian
cancer to have BRCA1 and BRCA2 mutations (13).

The education of physicians regarding breast cancer and BRCA-
related cancer can be limited by several factors, including high
workload in outpatient clinics, lack of awareness and initiatives
focused on breast cancer and patient outcomes, and the absence
of comprehensive local guidelines accessible to physicians from
different specialties.

Our study revealed a significant lack of knowledge and awareness
among general practitioners and specialists regarding genetic
counseling for BRCA-related cancers, highlighting the need for more
education on genetic counseling and for guidelines on referral to
genetic testing in Turkiye.

This study is one of the first studies in Turkiye to include an objective
assessment of physicians’ knowledge and awareness regarding
BRCA1/2 germline mutations. |dentifying gaps in understanding
of hereditary breast and ovarian cancer would improve medical
education and healthcare. Conducted at a leading academic medical
center with diverse departments and access to a broad sample
of healthcare professionals and trainees, the study is further
strengthened by the institution’s longstanding commitment to
academic excellence, interdisciplinary research, and public health
education, enhancing its relevance and potential impact.
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MATERIALS AND METHODS

In this study, physician volunteers completed a structured, validated
guestionnaire to assess their knowledge and awareness of the
cancer susceptibility associated with BRCA1/2 mutations. Surveys
were administered online to volunteers, and the data obtained were
analyzed using statistical methods. Ethical approval of this study
is done by Ankara University, Faculty of Medicine Student Ethics
Committee E-72189195-050.03.04-1402268 (date: 13.06.2024,
number: 351065). Informed consent were taken from each
participant before collecting data.

Methods for Analysis of Questionnaire

For the analysis of “knowledge evaluation questions” in the survey,
the possible answers were assigned points prior to analysis according
to their relevance to breast cancer guidelines and the literature,
thereby making the assessment of knowledge level more objective.
Points can be seen in the following table (Table 1). Significant results
for the study’s outcomes are presented in tables of percentages.

Inclusion and Exclusion Criteria

A cross-sectional study was conducted amongresidents and
specialists in oncology, internal medicine, gynecology and obstetrics,
intensive care, medical genetics, oncologic surgery, and general
surgery at Ankara University, Faculty of Medicine Hospitals between
May and June 2025. Physicians from other specialties are excluded
from the study.

Statistical Analysis

Statistical analyses to compare different groups and responses
were performed using IBM® SPSS (27t version, IBM Corp., 2020,
CA, USA). Chi-square tests and Fisher’s exact test were used for
group and response comparisons, while independent-samples
Kruskal-Wallis, One-Way ANOVA, post-hoc Tukey-Duncan, and
correlation tests were used to assess question reliability and
guide corrections across several questions and variables. When
more than 20% of expected cell counts in a data group were less
than five, the Fisher-Freeman-Halton exact test with Monte Carlo
simulation was used.

RESULTS

The results revealed a statistically significant association between
area of specialization and perceived knowledge levels, indicating
that these levels differ among specialties.

Higher mean knowledge levels (mean 3.68) were observed in medical
genetics, oncologic surgery, and medical oncology specialists,
whereas lower levels were observed in gynecologists (Table 2).

61.4% of participants indicated having good knowledge, when
measured their knowledge levels, the 42.2% were at intermediate
or lower level about mutation type and cancer matching.

There is a significant difference in the distribution of physicians’
experience levels and their stated levels of knowledge regarding
BRCA-related carcinogenesis (Table 3).

Participants’ stated knowledge of breast cancer risk factors differed
significantly across responses related to BRCA1/2 mutation-
associated cancers (p < 0.05) (Figure 1).
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Table 1. The scoring criteria were primarily derived from the NCCN Guidelines, while the Manchester scoring system was used as supplementary
background information.

Questions Answers Points (question number. points)
Indicate the key diagnostic and prognostic 1. Triple breast cancer diagnosis before age of 1.+3
criteria in breast cancer (3,14) 60 242
2. Lobular breast cancer seen with diffuse 342
gastric cancer
4.+2
3. Ancestry of Ashkenazi Jew 543
4. Two or more than two primary breast cancer '
in the same person
5. Breast, ovarian, pancreas or/and agressive
prostate cancer in 3 or more than 3 relatives
including patient
Indicate the BRCA1 and BRCAZ2 related cancers 1. Breast cancer 1.+1
(15,16) 2. Ovarian cancer 2.+1
3. Prostate cancer 3.+1
4. Pancreatic cancer 4. +1
5. Melanoma 5.+1
6. Colorectal cancers 6.
7. Lung cancer 7.
8. Leukemia 8.
In which pathological types of breast cancer 1. Triple negative 1.+3
would you think about hereditary breast- 2. HR+ 2,42
ovarian cancer syndrome?
3. Ductal 3.42
4. Luminal A 4. +1
5. Luminal B 5.+1

NCCN: National Comprehensive Cancer Network, HR: Hormone receptor.

Table 2A. Evaluate your level of knowledge regarding the evidence and recommendation levels in BRCA1/2 genetic testing guidelines.

Specialty/evaluation 1 2 3 4 5 Total
Oncologic surgery 0 0 1 4 4 9
General surgery 2 4 10 10 7 33
General internal medicine 3 3 7 8 0 21
Gynecology and obstetrics 1 3 6 7 7 24
Medical genetics 0 0 0 3 7 10
Medical oncology 0 1 4 6 13
Total 6 11 26 36 31 110
Table 2B. Chi-square tests.
Value df Asymptotic Monte Carlo sig. (2-sided)
sign.ificance Significance 99% confidence interval
(2-sided)
Lower bound Upper bound

Pearson chi-square 78,863 40 0.000 0.047° 0.030 0.064
Likelihood ratio 78,952 40 0.000 0.000° 0.000 0.005
Fisher-Freeman-Halton exact test 77,486 0.000° 0.000 0.005
N of valid cases 110

2: Forty-seven cells (87.0%) have expected count less than 5. The minimum expected count is 0.02, *: Based on 1000 sampled tables with starting seed 1314643744,
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Table 3. Relations of objectively evaluated and stated knowledge levels.

Objective (vertical, 0-5)/stated (transverse, 1-5) 1 2 3 4 5 Total
0 0 0 0 0 1 1
1 1 0 0 1 2 4
2 0 4 8 6 2 20
3 1 7 7 4 2 21
4 1 2 8 10 7 28
5 0 0 3 14 18 35
Total 3 13 26 35 32 109
Chi-Square Tests
Asymplotic Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)
Significance 99% Confidence Interval 99% Confidence Interval
Value df (2-sided) Significance  Lower Bound  UpperBound  Significance  Lower Bound  Upper Bound
Pearson Chi-Square 34,807 20 021 .046" 029 063
Likelihood Ratio 30,181 20 067 0420 ,026 058
Fisher-Freeman-Halton 30,191 0320 018 046
Exact Test
Linear-hy-Linear 7.993° 1 005 ,004" ,000 009 ,0'33b ,000 007
Association
N of Valid Cases 110

a. 20 cells (66,7%) have expected count less than 5. The minimum expected countis ,02.

b. Based on 1000 sampled tables with starting seed 1502173562,
¢. The standardized statistic is 2,827.

Figure 1. A positive association between perceived knowledge and accurate identification of BRCA-related cancers*

Stated knowledge levels on
BRCA related cancerogenesis l

Asst0-2
n ¥

Asst2-4 Amstd-6  Specialistand
yT3 above

Educational levels of participants

Figure 2. Figure 1 shows the Kruskal-Wallis distribution of knowledge
on breast cancer risk factors and evaluated knowledge levels on BRCA
mutations. Points are given according to Table 1 (0 to 5 points), while self-
assessment is done from 1 (very low) to 5 (very high).
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Figure 3. Shows the Kruskal-Wallis distribution of stated knowledge levels
on BRCA-related carcinogenesis and educational levels of participants.
Self-assessment is done from 1 (very low) to 5 (very high) and educational
level is from demographic data.
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Figure 1 shows the Kruskal-Wallis distribution of knowledge about
breast cancer risk factors and evaluated knowledge levels regarding
BRCA mutations. Points are assigned according to Table 1 (0 to 5
points), and self-assessment is rated on a scale from 1 (very low) to
5 (very high).

There is a significant difference in the distribution of physicians’
experience levels and stated levels of knowledge regarding BRCA-
related carcinogenesis (asymptotic significance = 0.024) (Figures 2, 3).

There is a statistically significant difference in participants’ stated
knowledge of breast cancer risk factors across their responses
related to BRCA1/2 mutation-associated cancers (p < 0.05)

There was no significant relationship between physicians’
information-giving attitudes and their knowledge levels regarding
breast cancer (Table 4).

Five of six physicians report difficulty accessing genetic testing.

47.7% of physicians stated that they appropriately inform their
patients with BRCA1/2 mutations. 7.2% of physicians stated that
they almost never inform their patients about BRCA mutations.

Only 17.3% of respondents believe that breast cancer awareness
initiatives are fully sufficient, while 20% of respondents find them
clearly insufficient.

DISCUSSION

Our findings demonstrate that, while there is a general
understanding of hereditary cancer concepts among participants,
significant gaps remain in practical knowledge, application, and
awareness, particularly concerning genetic testing guidelines, cancer
association, and risk communication.

It was seen that large proportions of the participants reported little
or no awareness of genetic testing and services, demonstrating a

Table 4A. Do you contact with your patients about their genetic
conditions? (yes/no).

Objective evaluation points/answers Yes No Total
0 1 1 2

1 4 0 4

2 18 2 20

3 19 1 20

4 27 0 27

5 29 6 35
Total 98 10 108

need to educate physicians about awareness on genetic conditions
of their patients (17), but in contrast, in our study, the stated
knowledge levels are relatively high when compared with evaluated
knowledge levels. These findings indicate that the physicians in
our cohort perceive their knowledge to be higher than their actual
knowledge.

While most participants rated themselves as having good knowledge,
objective assessments showed that many participants lacked
adequate understanding, especially regarding mutation-specific
cancer associations. Although 32.4% of participants achieved full
scores on BRCA-related cancer knowledge, a larger proportion
of participants remained at intermediate or lower levels. This
discordance between perceived and actual knowledge is significant,
as it may lead to overconfidence and misinformed clinical decisions.
Other studies revealed that there is a low level of perceived
knowledge indicating a need for a further education for physicians
(18) in context of increasing importance of up to date knowledge
(29).

Appropriate risk evaluation in genetic counseling is important both
to prevent unnecessary genetic testing and to contribute to positive
prognostic outcomes (20). In our study, the majority of respondents
strongly agreed with the need to inform at-risk relatives of BRCA1/2
mutation carriers. In this setting, approximately half of physicians
stated that they inform their patients with BRCA1/2 mutations
appropriately, and 7.2% of physicians stated that they almost never
inform their patients about BRCA mutations.

Our study found that specialization significantly influenced
knowledge levels. Participants in medical genetics, medical oncology,
and oncologic surgery have greater awareness and understanding
of BRCA testing guidelines and related cancers. This suggests that
specialty-specific exposure and training shape familiarity with
hereditary cancer concepts. Similarly, knowledge improved with
clinical experience but not necessarily with educational attainment,
underscoring the value of practical, case-based learning in
genetics education. As it becomes more important to support the
collaboration of genetic services in the clinic (21). However, in the
evaluation of BRCA1/2-related cancers, gynecologist participants
scored lower than geneticists and other specialists. It can be an
indicator for these groups to increase their knowledge on BRCA
related cancers other than ovarian cancer, which is an important
eligibility criterion for hereditary cancer syndromes related with
BRCA mutations (22).

Referring patients to medical genetics departments because
collaboration between medical genetics and other specialties is an
important aspect of clinical genetics practice.

Table 4B. Do you contact with your patients about their genetic conditions? (yes/no).

Value df Asymptotic significance (2-sided) Exact sig. (2-sided)
Pearson chi-square 10,148 5 0.071 0.071
Likelihood Ratio 10,848 5 0.054 0.057
Fisher-Freeman-Halton exact test 9,058 0.066

N of valid cases 108

2: Eight cells (66.7%) have expected count less than 5. The minimum expected count is 0.19.
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No relationship was observed between physicians’ information-
giving attitudes and knowledge levels. Even though in the literature,
a correlation was shown (23), our study does not indicate for
such correlation and our findings show that it become rather a
personal choice of physician during practice, who are from different
specialties, experience and knowledge levels.

The majority of physicians stated that there should be a referral
guideline for medical genetics, indicating a need for such a guideline
in Turkiye. Guidelines are important for physicians to guide patient
better and make more comprehensive evaluations (20).

Study Limitations

Despite these findings, the study has limitations. Because it is a
cross-sectional survey based on self-reported data, it is subject to
recall and social desirability bias. Actual clinical behaviors were
not directly observed. While we assessed general awareness and
perceived competence, more in-depth evaluations of clinical
application and guideline adherence would be beneficial for future
research. Even points that are given to answers are used to evaluate
and compare the knowledge levels appropriately, only literature and
evidence-based data can be used to prepare a evaluation scale due
to lack of pre-established system

CONCLUSION

This study highlights the need for more standardized, interdisciplinary
education for physicians on hereditary cancers, especially those
related to BRCA mutations.

Targeted educational programs, collaborations between clinicians
and greater emphasis on awareness of physicians on genetic topics
are critical steps to close the gap between awareness and action
in hereditary cancer prevention and management in future. More
breast cancer awareness studies and practice-based studies will
underscore the implications of knowledge about BRCA mutations
and breast cancer, leading to applications that yield more positive
outcomes for patients. Lifelong learning initiatives regarding the
practice of genetics in different fields of clinical medicine, along
with increased awareness and knowledge of breast-ovarian cancer
syndromes, can enable better management of these syndromes
through collaboration between the healthcare service team, the
patient, and their relatives.

Guidelines on breast cancer and other cancers with related
mutations in Turkiye would help physicians make comprehensive
evaluations of patients and improve recognition of breast cancer in
a more scientific manner.
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ABSTRACT

Objective: Advances in genetic and genomic technologies have
expanded the clinical role of medical genetics and created complex
legal, ethical, and social implications. Despite the growing integration
of genetic information into clinical practice and legal proceedings, the
representation of genetic and medical genetic concepts in Turkish
Court of Cassation decisions has not been systematically examined.

Methods: A retrospective, descriptive, cross-sectional decision analysis
was conducted using the publicly accessible Yargitay Karar Arama
database. Two keywords, “genetic diagnosis” and “medical genetics,”
were searched in Turkish. After removal of duplicates and assessment
of eligibility, 16 decisions were included in the final analysis. Decisions
were classified into a main analysis group (n = 12) and a secondary
analysis group (n = 4). Data were extracted on legal context, genetic
themes, role of genetic evidence, expert assessments, and judicial
outcomes.

Results: The included decisions spanned 2009 to 2024 and covered both
civil and criminal chambers. The most frequent legal context was DNA-
based parentage and family law disputes (37.5%), followed by prenatal
diagnosis or medical genetics-related malpractice and laboratory
responsibility (31.3%), medical genetics service reimbursement
disputes (18.8%), and genetic disease-related procedural rights and
personality rights claims (12.5%). Expert evaluation was a recurring
determinant of judicial reasoning across all categories.

0z

Amag: Genetik ve genomik teknolojilerdeki gelismeler, tibbi genetigin
klinik roltinu genisletmis ve karmasik hukuki, etik ve sosyal sonuglar
dogurmustur. Genetik bilginin klinik uygulamaya ve hukuki stireglere
giderek artan entegrasyonuna karsin, genetik ve tibbi genetik
kavramlarinin Tlrkiye Yargitay kararlarindaki yansimalari sistematik
olarak incelenmemistir.

Yontemler: Kamuya agik Yargitay Karar Arama veri tabani kullanilarak
geriye donuk, tanimlayici, kesitsel bir karar analizi gergeklestirilmistir.
“Genetik tani” ve “tibbi genetik” olmak Uzere iki anahtar kelime
Turkge olarak taranmistir. Yinelenen kararlarin gikarilmasi ve uygunluk
degerlendirmesinin ardindan 16 karar nihai analize dahil edilmistir.
Kararlar, ana analiz grubu (n = 12) ve ikincil analiz grubu (n = 4) olarak
siniflandinlmistir. Her karardan hukuki baglam, genetik temalar,
genetik kanitin roll, uzman degerlendirmeleri ve yargisal sonuglara
iliskin veriler elde edilmistir.

Bulgular: Dahil edilen kararlar 2009-2024 yillari arasinda yayllmakta
olup hem hukuk hem de ceza dairelerini kapsamaktadir. En sik
karsilasilan hukuki baglam, DNA temelli soybagl ve aile hukuku
uyusmazliklari (%37,5) olmustur. Bunu sirasiyla prenatal tani veya
tibbi genetik kaynakh malpraktis ve laboratuvar sorumlulugu davalari
(%31,3), tibbi genetik hizmeti geri 6deme uyusmazliklari (%18,8) ve
genetik hastaliga bagl usul haklari ile kisilik hakki talepleri (%12,5)
izlemistir. Uzman degerlendirmesi, tim kategorilerde vyargisal
muhakemenin tekrarlayan bir belirleyicisi olarak 6ne ¢ikmistir.
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ABSTRACT

Conclusion: Decisions of the Turkish Court of Cassation reveal that
genetics has become a multidimensional legal issue, extending beyond
parentage testing into prenatal diagnosis, laboratory responsibilities,
informed consent, reimbursement, and procedural rights. Emerging
genomics-related issues such as variant reinterpretation, duties to
warn relatives, and genetic discrimination have not yet achieved
visibility before the high courts in Turkiye.

Keywords: Medical genetics, genetic diagnosis, Court of Cassation,
judicial decisions, medical law, prenatal diagnosis, DNA testing

0z

Sonug: Yargitay kararlari, genetigin soybagi tespitinin 6tesine gecerek
prenatal tani, laboratuvar sorumlulugu, aydinlatilmis onam, geri 6deme
ve usul haklari alanlarina uzanan ¢ok boyutlu bir hukuki mesele haline
geldigini ortaya koymaktadir. Varyantlarin yeniden yorumlanmasi,
risk altindaki akrabalari uyarma yukimliluga ve genetik ayrimcilik
gibi genetik iliskili hukuki sorunlar ise henliz Turkiye'de ylksek
mahkemelerin glindemine girmemistir.

Anahtar Sozciikler: Tibbi genetik, genetik tani, Yargitay, yargi kararlari,
tip hukuku, prenatal tani, DNA analizi

INTRODUCTION

Advances in genetic testing have substantially expanded the role of
medical genetics in contemporary medicine. Genetic and genomic
technologies are now used not only for the diagnosis of rare
inherited disorders, but also in prenatal diagnosis, carrier screening,
preimplantation genetic testing, human leukocyte antigen (HLA)
matching, pharmacogenetics, cancer susceptibility assessment, and
individualized risk prediction (1). As these applications increasingly
influence diagnosis, reproductive decision-making, treatment
planning, and long-term care, medical genetics has become an
integral component of modern health care.

The growing clinical use of genetic information has also created
important legal, ethical, and social implications (2). Genetic test
results may have direct consequences not only for the individual
being tested, but also for family members and future offspring.
In legal practice, genetic evidence may serve as decisive proof in
parentage and paternity disputes, while prenatal genetic testing
may become central to malpractice claims involving missed or
delayed diagnosis, inadequate counseling, laboratory error, or
failure to obtain informed consent (3-5). Similarly, disputes may
arise regarding the reimbursement of genetic tests, the medical
necessity of specialized genetic services, and the interpretation of
expert reports in cases involving genetic diseases (2). Therefore,
genetic information increasingly functions as both a clinical tool and
a legal determinant.

High court decisions provide a valuable source for understanding
how these complex issues are interpreted within a legal system.
In Turkiye, decisions of the Court of Cassation are particularly
important because they reflect the judicial approach to
causation, standard of care, expert evaluation, informed consent,
evidentiary sufficiency, and procedural requirements. Previous
decision-based analyses in medical law have demonstrated that
court judgments can reveal recurring patterns in malpractice
allegations, expert report conflicts, and judicial reasoning (6).
Despite the expanding role of medical genetics in clinical practice,
how genetic and medical genetic concepts are represented
in decisions of the Turkish Court of Cassation has not been
systematically examined.

Although genetic information is increasingly used in both clinical
practice and legal decision-making, its representation in Turkish
Court of Cassation decisions remains unclear. Therefore, this
study aimed to systematically examine decisions of the Court of

Cassation and to classify their legal contexts, clinical and genetic
themes, role of genetic evidence, expert assessments, and judicial
outcomes.

MATERIALS AND METHODS

Study Design

This study was designed as a retrospective, descriptive, cross-
sectional decision analysis of publicly available decisions of the
Turkish Court of Cassation concerning genetic diagnosis and medical
genetics. The study aimed to evaluate the legal contexts in which
genetic and medical-genetic concepts appear, the role of genetic
evidence or genetic services in judicial reasoning, and the outcomes
of those decisions.

Data Source and Search Strategy

The data source was the publicly accessible ”Yargitay Karar
Arama” database (https://karararama.yargitay.gov.tr/#), which
contains anonymized decisions of the Turkish Court of Cassation.
The database was searched using two predefined keywords: genetic
diagnosis (originally searched in Turkish as “genetik tani”) and medical
genetics (originally searched in Turkish as “tibbi genetik”).

The keyword “genetic diagnosis” yielded 13 decisions, while “medical
genetics” yielded 12 decisions. Thus, 25 records were initially
identified. After comparing the search results, 4 duplicate records
were removed. The remaining 21 unique decisions were reviewed at
the full-text level for eligibility.

Eligibility Criteria

Decisions were included if a genetic or medical genetic element had
a meaningful role in the factual background, evidentiary assessment,
expert evaluation, legal reasoning, or judicial outcome of the case.

Specifically, decisions were considered eligible if they involved at
least one of the following:

Genetic testing, DNA analysis, molecular genetic analysis, prenatal
genetic diagnosis, preimplantation genetic diagnosis, HLA tissue
typing, genetic disease, medical genetics expert assessment, medical
genetics laboratory evaluation, or disputes concerning the necessity,
reimbursement, or legal consequences of genetic services.

Decisions were excluded when the terms “genetic diagnosis” or
“medical genetics” appeared only incidentally (for example, as part
of a department or institution name, a device location, an academic
position, a commercial contract, or a technical service relationship)
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and there was no substantive discussion of genetic testing, genetic
disease, medical genetic evaluation, or genetic health service.
Duplicate decisions and those that did not contain sufficient relevant
content for analysis were also excluded.

After eligibility assessment, 5 decisions were excluded and 16 were
included in the final analysis (Figure 1).

The main analysis group included decisions in which genetic
testing, genetic disease, medical genetic evaluation, genetic
laboratory responsibility, or genetic health service was directly
central to the dispute or judicial reasoning. This group included
12 decisions.

The secondary analysis group included decisions in which a genetic
test result or genetic disease appeared as background information
or supporting evidence, while the principal legal dispute concerned
another issue such as divorce, compensation, waiver of a paternity
claim, or procedural rights in criminal proceedings. This group
included 4 decisions.

Data Extraction

For each included decision, the following variables were extracted
into a standardized data collection form:

Court of Cassation chamber, case number, decision number, decision
year, type of court, civil or criminal jurisdiction, type of legal dispute,
genetic or medical genetic concept involved, clinical or genetic
condition, role of the genetic element in the decision, presence
of expert report, presence of medical genetics expert or medical
genetics department assessment, presence of Forensic Medicine
Institute report, presence of conflicting expert reports, first-instance
court outcome, regional appellate court outcome if available, Court
of Cassation outcome, and main reasoning of the Court of Cassation.

The genetic or medical-genetic concepts were categorized as DNA/
parentage testing, molecular genetic analysis, prenatal diagnosis,
preimplantation genetic diagnosis, HLA tissue typing, genetic disease,
medical-genetics expert evaluation, medical-genetics laboratory
responsibility, or medical-genetics service/reimbursement dispute.

The role of the genetic element was categorized as primary evidence,
supporting evidence, expert assessment, malpractice or negligence
evaluation, informed consent issue, causation assessment, health

Records identified through
database search;
“genetic diagnosis” (n = 13)
“medical genetics” (n = 12) I
Total records identified (n = 25)

Full-text decisions assessed for

eligibility
(n=21)

Incidental mention of genetics/medical
l_' genetics without substantive legal relevance
(n=5)
Decisions included in qualitative

analysis
(n=16)

!

Classification of included
decisions
* Main analysis group (n = 12)
* Secondary analysis group (n = 4)

Excluded (n=9) |

Duplicate records (n = 4) |

Figure 1. Schematic algorithm for inclusion & exclusion of decisions.
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service necessity/reimbursement issue, procedural rights issue, or
background information.

Outcome Measures

The primary outcome was the distribution of legal contexts in which
genetic and medical genetic concepts appeared in Court of Cassation
decisions. Secondary outcomes included the type of genetic/
genomic issue addressed, the role of genetic evidence or medical
genetic assessment in judicial reasoning, the presence and nature of
expert reports, the existence of conflicting expert opinions, and the
final Court of Cassation outcome.

Statistical Analysis

Data were analyzed descriptively. Categorical variables were
presented as numbers and percentages. Because of the limited
sample size and the descriptive nature of the study, no comparative
statistical analysis was performed.

Ethical Considerations

This study did not involve human participants, patient records, direct
patient contact, or identifiable personal data. All decisions were
obtained from the publicly accessible Yargitay Karar Arama database
and had already been anonymized. Therefore, ethics committee
approval and informed consent were not required.

RESULTS

Decision Selection

The initial search identified 25 records from the Turkish Court of
Cassation database; 16 decisions were included in the analysis. Of
these, 12 decisions were classified in the main analysis group, and 4
in the secondary analysis group.

General Characteristics of Included Decisions

The included decisions were issued between 2009 and 2024 and
involved both the civil and criminal chambers of the Court of
Cassation. Most decisions were from civil chambers, whereas two
were from criminal chambers. The main analysis group included
decisions in which genetic testing, medical genetic evaluation,
genetic laboratory responsibility, or genetic health services were
central to the dispute. The secondary analysis group included
decisions in which genetic testing or genetic disease served as
background or supporting evidence, while the principal legal dispute
involved another issue, such as divorce, compensation, waiver of a
paternity claim, or procedural rights in criminal proceedings (Table
1).

The decisions covered a broad range of legal and clinical contexts.
The most frequent category was DNA-based parentage and family
law disputes, accounting for 6 of the 16 decisions (37.5%). This
was followed by prenatal diagnosis or medical genetics-related
malpractice and laboratory responsibility, accounting for 5 decisions
(31.3%). Disputes concerning reimbursement or financing of medical
genetics services were identified in 3 decisions (18.8%). Genetic
disease and criminal procedural rights, as well as DNA-related
personality rights or compensation disputes, each accounted for 1
decision (6.3%) (Figure 2).
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Legal Contexts and Genetic Themes

DNA or parentage testing was the most common genetic theme
identified among the included decisions. These cases involved
paternity actions, denials of parentage, divorce proceedings based
on DNA evidence, waiver-related disputes in paternity litigation,
and compensation claims following the discovery of biological

Table 1. Included Court of Cassation decisions and classification.

non-paternity. In these decisions, DNA testing generally served as
a central or highly influential evidentiary element in determining
biological relationships or the legal consequences arising from such
determinations (Table 2).

Prenatal diagnosis-related disputes constituted the second
major group. These decisions involved Down syndrome, prenatal
screening, chorionic villus sampling, maternal cell contamination,

No. Chamber Case/decision Year Analysis Legal context Genetic/clinical theme Role of genetic element
no. group
1 11*civil  2023/5901E., 2024 Main Prenatal diagnosis-related Down syndrome, Assessment of laboratory error and
chamber  2024/9400 K. analysis malpractice/laboratory CVS, maternal cell medical genetics responsibility
responsibility contamination
2 11t civil  2023/1669E., 2024 Main Prenatal diagnosis and Down syndrome, Evaluation of counseling, informed
chamber 2024/4009 K. analysis informed consent prenatal screening consent
3 2" civil 2021/5966 E.,, 2021 Main Paternity action DNA testing Primary evidence; adequacy of DNA
chamber 2021/9684 K. analysis report and requirement for expert
committee evaluation
4 2" civil 2023/1987 E., 2023 Main Denial of parentage Molecular genetic Primary evidence for absence of
chamber 2023/2378 K. analysis analysis parentage relationship
5 18" civil  2015/11880E., 2016 Main Denial of parentage Private genetic Private DNA report and need for
chamber 2016/7576 K. analysis diagnosis center report official verification
6 2" civil 2022/1067 E.,, 2022 Main Denial of parentage and Genetic-biological Determination of the date of
chamber 2022/2242 K. analysis limitation period origin, out-of-court knowledge for filing period
DNA testing
7 3 civil 2023/1162 E.,, 2023 Main Prenatal genetic testing- Thalassemia, Sanger Assessment of laboratory
chamber 2023/3046 K. analysis related laboratory sequencing, mutation  responsibility, causation, and expert
responsibility analysis reports
8 11t civil  2020/342E., 2021 Main Prenatal screening, Down syndrome, Evaluation of medical records,
chamber 2021/6946 K. analysis informed consent, and amniocentesis, informed consent, and prenatal
malpractice prenatal screening counseling
tests
9 5th 2012/6668 E., 2013 Main Criminal proceedings Prenatal care, medical  Conflicting expert reports and need
criminal ~ 2013/3008 K. analysis related to alleged medical genetics expert for further specialist evaluation
chamber negligence opinion
10 3 civil 2020/3411E.,, 2020 Main Reimbursement/deduction  Medical genetics tests  Assessment of medical necessity of
chamber 2020/7269 K. analysis dispute for medical genetics genetic investigations
services
11 13% civil  2012/10869 E., 2013 Main Medical genetics Medical genetics Financial/legal evaluation of medical
chamber 2013/4645 K. analysis service purchase and services genetics service provision
reimbursement dispute
12 10% civil  2009/5150E., 2009 Main Coverage of health PGD, HLA tissue Evaluation of PGD/HLA-related
chamber 2009/16257 K. analysis expenses typing, IVF, stem cell expenses as part of necessary
donor sibling treatment
13 4t civil 2015/12078 E., 2017 Secondary Personality rights and DNA testing Background evidence leading to
chamber 2017/3155 K. analysis compensation following compensation/personality rights
parentage dispute dispute
14 8" civil 2020/946 E., 2021 Secondary Invalidity of waiver in DNA testing, genetic Background evidence in waiver,
chamber 2021/5413 K. analysis paternity action diagnosis center report fraud, and procedural validity dispute
15 2" civil 2023/49E., 2023 Secondary Divorce based on adultery Private DNA/genetic Background evidence supporting
chamber 2023/2994 K. analysis and related compensation diagnosis report adultery and parentage-related
dispute
16 12 2017/1050E., 2018 Secondary Criminal procedural rights Huntington disease, Genetic disease as background for
criminal  2018/10198 K. analysis molecular genetic mandatory defense counsel and fair
chamber analysis trial concerns

CVS: Chorionic villus sampling, HLA: Human leukocyte antigen, IVF: In vitro fertilization, PGD: Preimplantation genetic diagnosis.
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amniocentesis, thalassemia, Sanger sequencing, and mutation
analysis. In these cases, genetic or medical-genetic issues were
mainly discussed in relation to alleged missed diagnoses, inadequate
counseling, informed consent, laboratory error, causation, and
medical negligence (Tables 1 and 2).

Three decisions involved reimbursement or financing of medical
genetics services. These included disputes regarding the necessity
and financial coverage of genetic investigations, medical genetics
service provision, and preimplantation genetic diagnosis with HLA
tissue typing for the purpose of identifying a potential stem cell
donor sibling. These decisions demonstrated that genetic services
were relevant not only to malpractice and family law disputes but
also to health financing and reimbursement-related litigation (Table
3).

Role of Genetic Evidence and Medical Genetic Assessment

The role of the genetic element varied according to the legal context.
In 5 decisions, genetic or DNA testing served as the primary evidence,
particularly in parentage or biological relationship disputes. In 3
decisions, genetic testing or prenatal diagnosis was used to assess
malpractice, negligence, laboratory responsibility, or causation.

%38

© DNA-based parentage and family law disputes
@ Prenatal diagnosis / medical geneti lated tice or laboratory responsibility
@ Medical genetics service reimbursement or financing disputes

Genetic di and criminal procedural rights
@ DNA-related personality rights / compensation dispute

Figure 2. Pie chart showing legal contexts of individual decisions.

Table 2. Genetic and clinical themes identified in the decisions.

In 2 decisions, the genetic issue was closely related to informed
consent and counseling, especially regarding prenatal screening,
amniocentesis, and the limitations or implications of genetic testing
(Table 3).

In 3 decisions, the genetic element was evaluated with respect to the
necessity of health services or reimbursement. These cases focused
on whether genetic investigations or interventions related to genetic
diagnosis should be considered medically necessary or financially
covered. In 1 decision, a genetic disease was relevant to procedural
rights in criminal proceedings, specifically regarding the need for
mandatory defense counsel. In 2 decisions, genetic evidence served
as background or supporting evidence for a related legal claim rather
than forming the primary dispute itself (Table 3).

Expert Reports and Judicial Reasoning

Expert evaluation was a recurring theme across the included
decisions. In parentage-related cases, the adequacy and evidentiary
value of DNA reports were emphasized, including the need for reliable
expert assessment when determining biological relationships. In
cases related to prenatal diagnosis, medical genetics was commonly
associated with expert interpretation of test results, laboratory
responsibility, informed consent, and causation. Several decisions
highlighted the importance of specialist evaluation, particularly in
cases where the dispute involved complex prenatal testing, genetic
laboratory procedures, or conflicting expert opinions.

In medical-genetics-related  malpractice and laboratory-
responsibility cases, expert reports were especially important
in distinguishing among an unavoidable limitation of testing, a
complication, and a preventable error. The decisions involving
prenatal diagnosis and thalassemia testing illustrated how
courts may rely on expert assessments to evaluate whether the
appropriate genetic test was performed, whether the result
was interpreted correctly, whether the patient was adequately
informed, and whether an alleged error had a causal relationship
with the claimed harm (Tables 1 and 3).

Summary of Findings

Overall, theincluded cases showed that genetics and medical genetics
featured in decisions of the Court of Cassation across multiple legal
domains. Although DNA-based parentage disputes represented
the largest category, a substantial proportion of decisions involved

Genetic/clinical theme

No. of decisions

Typical legal relevance

DNA or parentage testing

Down syndrome and prenatal screening

Medical genetics service provision/reimbursement
Thalassemia and prenatal molecular testing

PGD and HLA tissue typing

Huntington disease and molecular genetic analysis

Prenatal care with medical genetics expert involvement

R R R R RN WO

DNA-related personality rights dispute
Total 16

Parentage, paternity, divorce, waiver, and compensation-related disputes
Prenatal counseling, informed consent, and alleged missed diagnosis
Necessity and financial coverage of genetic investigations

Laboratory responsibility and interpretation of mutation analysis
Coverage of IVF/PGD expenses for potential stem cell donor sibling
Procedural rights and need for mandatory defense counsel

Conflicting expert opinions in alleged medical negligence

Compensation after discovery of biological non-paternity

HLA: Human leukocyte antigen, IVF: In vitro fertilization, PGD: Preimplantation genetic diagnosis.
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Table 3. Role of the genetic element in judicial reasoning.

Role of genetic element

No. of decisions Description

Primary evidence (3—4-5-6-15) 5

Genetic/DNA test result was central to proving or disproving parentage or

biological relationship

Malpractice, negligence, or laboratory 3
responsibility assessment (1-7-9)

Genetic testing or prenatal diagnosis was used to evaluate alleged medical error,
laboratory error, or causation

Informed consent/counseling issue (2—8) 2 Genetic or prenatal testing raised questions regarding patient counseling, test
limitations, and informed consent

Health service necessity or reimbursement 3 Genetic services were evaluated in relation to medical necessity, payment, or

(10-11-12) public coverage

Procedural rights/legal capacity-related issue 1 Genetic disease was relevant to the defendant’s procedural protection and

(16) defense rights

Background or supporting evidence (13-14) 2 Genetic evidence was not the main dispute but formed the factual basis of a
related legal claim

Total 16 —

broader medical genetics issues, including prenatal diagnosis,
genetic laboratory responsibility, informed consent, reimbursement
of genetic services, and genetic disease-related procedural rights.
These findings suggest that genetic information in high-court
decisions functions not only as biological evidence, but also as a
basis for evaluating medical responsibility, counseling, health service
coverage, and procedural safeguards.

DISCUSSION

The principal finding of this study was that genetic and medical-
genetic concepts in decisions of the Turkish Court of Cassation were
not confined to DNA-based parentage disputes but also appeared
across a broader range of legal contexts, including prenatal diagnosis,
laboratory responsibility, informed consent, reimbursement of
genetic services, and procedural rights related to genetic disease.
Although DNA-based parentage and family law disputes constituted
the largest category, nearly one-third of the included decisions
involved prenatal diagnosis or medical genetics-related malpractice,
demonstrating that genetics has already entered Turkish high court
jurisprudence as a multidimensional legal issue rather than merely a
tool for establishing biological relationships. This pattern is consistent
with the broader international transition from conventional genetics
to genomics, in which expanding genetic technologies increasingly
generate legal questions related not only to biological identity, but
also to clinical responsibility, counseling, interpretation, and access
to services (2).

DNA-based parentage disputes constituted the most frequent
legal context in the present sample. This finding is unsurprising,
because DNA analysis has long been one of the earliest and most
established forensic applications of genetic testing in Turkiye,
with Turkish data showing its high discriminative value in disputed
paternity cases (7). However, the decisions included in this study
also show that the Court of Cassation does not treat DNA results as
automatically dispositive; rather, it gives substantial weight to the
procedural reliability of the report, including whether the analysis
was performed by an appropriate expert committee and whether
private reports were supported by official evaluation (Turkish Civil
Code Arts. 285-309). Thus, the Turkish jurisprudential approach
appears to combine recognition of the scientific strength of DNA

evidence with continued emphasis on procedural safeguards in
matters affecting civil status and family relationships (8).

The most clinically significant group of decisions involved prenatal
diagnosis, including cases related to Down syndrome, procedures
such as chorionic villus sampling and amniocentesis, issues such
as maternal cell contamination, and prenatal molecular testing
for thalassemia. These decisions closely parallel the international
literature on wrongful birth claims, in which the central allegation
is that inadequate testing, incorrect interpretation, or insufficient
counseling deprived the parents of the opportunity to make an
informed reproductive decision (5,9). The Turkish cases identified
in the present study reflected two recurring dimensions of liability:
first, whether appropriate prenatal genetic counseling and informed
consent were provided, and second, whether the genetic laboratory
process was conducted and interpreted appropriately. This is
important because prenatal genetic testing is not simply a technical
diagnostic act; it is a process in which the clinical value of the test
depends on appropriate patient selection, explanation of residual
risk, accurate laboratory practice, and documentation of counseling
(2-4). Therefore, the Turkish Court of Cassation decisions in this
field are broadly aligned with international medico-legal concerns
surrounding prenatal diagnosis and reproductive autonomy (5,9).

Another important observation was that the legal function of
genetic information differed markedly across contexts. In parentage
disputes, genetic testing generally served as primary evidence; in
prenatal diagnosis-related cases, it was used to assess negligence,
causation, laboratory responsibility, or informed consent; in
reimbursement disputes, it was evaluated with respect to medical
necessity and financial coverage; and in one criminal case, a genetic
disease was relevant to procedural protection and to the right to
counsel. This diversity shows that genetic information should not
be conceptualized as a single category of proof, because its legal
significance depends on the factual and normative structure of
each dispute (2,10). Genetics in judicial reasoning may function
as biological evidence, a marker of professional responsibility, a
determinant of access to care, or a trigger for procedural safeguards.

The decisions also highlighted the central role of expert assessment
in disputes involving genetics and medical genetics. Several
judgments turned not merely on the existence of a genetic test
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result, but on the adequacy of the expert report, the specialty of
the evaluating physicians, the resolution of conflicting reports, and
the completeness of the underlying medical documentation. This
is particularly relevant in genetics, where the legal assessment
may depend on complex issues such as sample identity, maternal
contamination, test limitations, analytical performance, and the
interpretation of uncertain or evolving findings (1,2). The need for
qualified specialist input is likely to become even more important
as clinical genetics continues to move toward broader genomic
testing and reinterpretation of results over time. From a practical
standpoint, these decisions reinforce the importance of careful
documentation, appropriate referral, and transparent laboratory
reporting in reducing legal vulnerability in genetic care.

The reimbursement-related decisions constituted another
noteworthy finding of the study. In addition to disputes about
payment for medical genetics services, one decision concerned the
coverage of in vitro fertilization combined with preimplantation
genetic diagnosis and HLA tissue typing to facilitate the birth
of a potential stem-cell donor sibling. Internationally, litigation
concerning preimplantation genetic diagnosis has most often
focused on misdiagnosis, procedural error, and failure to inform
patients of inherent error rates, whereas the Turkish decision
identified in the present sample illustrates that genetic technologies
may also reach the courts through questions of medical necessity
and access to publicly funded care (4,11). This suggests that the
legal footprint of genetics extends beyond liability into broader
issues of health policy, allocation of resources, and the boundaries
of reimbursable treatment.

Notably, several topics that are prominent in the international
genetics-law literature did not appear in the present sample. These
include duties to warn at-risk relatives, reinterpretation or reanalysis
of previously reported variants, and genetic discrimination in
employment or insurance (1,6,12). For example, the English case
of ABC v St George’s Healthcare NHS Trust has prompted detailed
discussion of whether healthcare professionals may owe duties of
care to relatives at genetic risk, while in the United States cases such
as Pate v. Threlkel established important early principles regarding
familial disclosure of hereditary risk (6,13,14). Similarly, contemporary
literature has emphasized emerging legal uncertainty around
variant reinterpretation and ongoing disputes regarding the scope
of protection against genetic discrimination (1,12). Their absence
from the present Turkish Court of Cassation sample should not be
interpreted as evidence that such issues are irrelevant in Turkiye;
rather, current high-court visibility appears to remain concentrated
in more established domains such as parentage, prenatal diagnosis,
laboratory responsibility, and reimbursement. Given that genetic data
are uniquely identifying, enduring, and informative about both the
individual and biological relatives, privacy and familial implications are
likely to become increasingly important in future Turkish legal disputes.

The temporal distribution of the decisions also deserves comment.
Although the included judgments spanned 2009-2024, nearly two-
thirds were issued between 2019 and 2024, suggesting that disputes
involving genetic diagnosis and medical genetics have become
more visible in recent years. This pattern may reflect the increasing
integration of genetic testing into clinical practice, broader
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availability of prenatal and reproductive genetic technologies, and
the expanding use of DNA-based evidence in family law disputes.
However, because the present study relied on publicly available
decisions retrieved through selected keywords, this trend should be
interpreted as increased visibility within the available jurisprudence
rather than as definitive evidence of a rise in litigation frequency.

The present findings have several practical implications. For
medical geneticists, these decisions underscore the importance
of comprehensive prenatal counseling, explicit discussion of test
limitations and residual risk, and complete documentation of
informed consent. For genetic laboratories, these cases demonstrate
the legal importance of maintaining sample integrity, controlling
contamination, selecting appropriate methods, and ensuring clear
reporting practices. For courts, the findings support the need for
appropriately qualified expert panels when adjudicating disputes
that depend on specialized genetic knowledge. For policy-makers,
the results suggest that clearer frameworks may eventually be
needed not only for reimbursement and access to genetic services,
but also for emerging areas such as variant reinterpretation, familial
disclosure, and genetic discrimination.

Study Limitations

This study has several limitations: First, the search strategy was
based on the keywords “genetic diagnosis” and “medical genetics”;
therefore, decisions on related issues that used different terminology
may not have been captured. Second, only publicly available Court
of Cassation decisions were analyzed, and the study therefore
reflects the contents of the accessible database rather than the
entire genetics-related litigation in Tirkiye. Third, the number of
included decisions was limited, and the cases were heterogeneous,
precluding comparative statistical analyses. Finally, the temporal
analysis was based on decision year rather than filing year, which
limits the ability to draw conclusions about changes in litigation
incidence over time.

CONCLUSION

Turkish Court of Cassation decisions reveal that genetics has become
a multidimensional legal issue, extending beyond parentage testing
to include prenatal diagnosis, laboratory responsibility, informed
consent, reimbursement, and procedural rights. At present,
Turkish high court jurisprudence appears to be concentrated in the
established areas of genetic practice, whereas newer genomics-
related issues, such as variant reinterpretation, duties to warn
relatives, and genetic discrimination have not yet been observed in
the sample identified in this study. As genomic medicine continues
to expand, both clinical practice and legal doctrine will likely need
to adapt to increasingly complex questions concerning genetic
responsibility, access, privacy, and family-linked risk.
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ABSTRACT

Objective: Variants of uncertain significance (VUSs) remain a major
challenge in clinical molecular genetics because their interpretation
may change as population, computational, and disease-specific
evidence accumulates. This retrospective descriptive study aimed to
re-evaluate VUSs identified by clinical exome sequencing in breast
cancer patients and to characterize recurrent observations and genes
of potential biological interest.

Methods: Clinical exome sequencing data from 25 individuals referred
for breast cancer mutation analysis were retrospectively re-evaluated.
The study population comprised individuals with breast cancer or a
first-degree family history of breast cancer. Sequencing was performed
on the Illumina NextSeq 550 platform. Thirteen individuals were
analyzed using Sophia Clinical Exome Solution v2 with Sophia DDM,
and 12 were analyzed using the Berry Genomics Clinical Exome
workflow with Verita Trekker Variants Detection System and/or the
Enliven Variants Annotation Interpretation System. An exploratory
filtering strategy was used to focus on VUS observations outside
genes already prioritized in the literature for breast cancer or cancer.
Candidate variants were subsequently reviewed using public variant
resources and in silico evidence.

Results: After sequential filtering and manual re-evaluation, four
candidate observations in the once-observed group and seven
candidate observations in the twice-observed group were examined
in detail. Variants were identified in ZDHHC15, COL17A1, MFN1,

0z

Amag: Klinik 6nemi belirsiz varyantlar (VUS), populasyon, hesaplamali
analiz ve hastaliga 6zgli kanitlarin zaman igerisinde birikmesiyle
yorumlarinin degisebilmesi nedeniyle klinik molekiler genetikte
onemli bir sorun olmaya devam etmektedir. Bu retrospektif tanimlayici
calismada, meme kanseri hastalarinda klinik ekzom dizileme ile
belirlenen VUS’larin  yeniden degerlendiriimesi ve tekrarlayan
gbzlemlerin yani sira biyolojik agidan potansiyel ilgi tasiyan genlerin
karakterize edilmesi amaglandi.

Yontemler: Meme kanseri mutasyon analizi amaciyla yonlendirilen
25 bireye ait klinik ekzom dizileme verileri retrospektif olarak
yeniden degerlendirildi. Calisma popllasyonu, meme kanseri tanisi
bulunan veya birinci derece akrabasinda meme kanseri 6ykisi olan
bireylerden olusturuldu. Dizileme, Illumina NextSeq 550 platformunda
gergeklestirildi. On {¢ birey Sophia Clinical Exome Solution v2 ve Sophia
DDM kullanilarak, 12 birey ise Berry Genomics Clinical Exome is akisl
ile Verita Trekker Variants Detection System ve/veya Enliven Variants
Annotation Interpretation System kullanilarak analiz edildi. Meme
kanseri veya kanser agisindan literatiirde daha 6nce 6nceliklendirilmis
genlerin disindaki VUS gozlemlerine odaklanmak amaciyla kesifsel bir
filtreleme stratejisi kullanildi. Aday varyantlar daha sonra kamuya agik
varyant kaynaklari ve in silico kanitlar kullanilarak degerlendirildi.

Bulgular: Ardisik filtreleme ve manuel yeniden degerlendirme
sonrasinda, bir kez gbzlenen gruptaki dort aday gozlem ile iki kez
gozlenen gruptaki yedi aday gozlem ayrintili olarak incelendi.
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ABSTRACT

ZNF141, MUC6, VEZT, MYBPC1, ZSWIM1, TDRD3, PRDM6, and PIGG.
MUC6 and ZNF141 were considered of exploratory interest. Two
different MUC6 variants were observed among four individuals;
however, two carriers of one MUC6 variant were related and were not
considered independent observations. Two ZNF141 missense VUSs
were identified in a single breast cancer patient. No control cohort,
statistical enrichment analysis, segregation analysis, or functional
validation was available.

Conclusion: The findings represent descriptive and hypothesis-
generating observations rather than evidence of a causal or statistical
association with breast cancer. MUC6 and ZNF141 may warrant
further investigation in larger, population-matched cohorts with
segregation, gene-level enrichment, and functional studies. The
study also emphasizes the importance of transparent and periodic
reinterpretation of VUSs.

Keywords: Breast cancer, variant of uncertain significance, VUS, clinical
exome sequencing, variant reinterpretation

0z

ZDHHC15, COL17A1, MFN1, ZNF141, MUC6, VEZT, MYBPC1, ZSWIM1,
TDRD3, PRDM6 ve PIGG genlerinde varyantlar saptandi. MUC6 ve
ZNF141 kesifsel agidan ilgi ¢ekici bulundu. Dort bireyde iki farkli
MUC6 varyanti gozlendi; ancak MUC6 varyantlarindan birini tagiyan
iki bireyin akraba oldugu ve bu nedenle bagimsiz gozlemler olarak
degerlendiriimedigi belirlendi. Tek bir meme kanseri hastasinda iki
farkli ZNF141 missense VUS saptandi. Kontrol kohortu, istatistiksel
zenginlesme analizi, segregasyon analizi veya fonksiyonel dogrulama
verisi bulunmamaktaydi.

Sonug: Bulgular, meme kanseri ile nedensel veya istatistiksel bir iligkiyi
ortaya koyan kanitlardan ziyade tanimlayici ve hipotez olusturucu
gozlemler niteligindedir. MUC6 ve ZNF141 genleri; segregasyon, gen
diizeyinde zenginlesme ve fonksiyonel calismalarin gergeklestirilecegi,
daha genis ve popllasyon agisindan eslestirilmis kohortlarda ileri
arastirmalari hak edebilir. Calisma ayrica VUS'larin seffaf ve dlzenli
araliklarla yeniden yorumlanmasinin 6nemini vurgulamaktadir.

Anahtar Sozciikler: Meme kanseri, klinik 6nemi belirsiz varyant, VUS,
klinik ekzom dizileme, varyantin yeniden yorumlanmasi

INTRODUCTION

Cancer is a multifactorial disease characterized by disruption of
cellular homeostasis and uncontrolled cell proliferation resulting
from the interaction of genetic and environmental factors (1). Breast
cancer is a heterogeneous malignancy arising predominantly from
epithelial cells of the mammary ducts or lobules (2). Its development
is influenced by age, hormonal and reproductive factors, lifestyle,
breast density, environmental exposures, and family history (3).

Although breast cancer is a genetic disease at the cellular level, it is
not always hereditary. BRCA1 and BRCA2 are the best-established
high-penetrance hereditary breast and ovarian cancer genes.
Additional genes, including ATM, CHEK2, PALB2, TP53, PTEN, CDH1,
and STK11, contribute to breast cancer susceptibility with variable
penetrance (4-6). The increasing use of next-generation sequencing
and clinical exome sequencing has expanded the number of variants
detected during genetic evaluation and has consequently increased
the number of variants of uncertain significance (VUSs) requiring
interpretation.

A VUS is a sequence variant for which the available evidence is
insufficient or conflicting for classification as pathogenic/likely
pathogenic or benign/likely benign. A VUS should not be considered
evidence of causality or used alone to establish a clinical association.
Because population databases, computational predictions, clinical
submissions, and functional evidence evolve over time, periodic
reinterpretation of previously identified VUSs may provide additional
information.

The aim of the present study was to retrospectively re-evaluate VUSs
identified by clinical exome sequencing in breast cancer patients
and to characterize recurrent observations and genes of potential
biological interest. The study was designed as a descriptive and
exploratory reanalysis and was not intended to establish statistical
gene—disease associations.

MATERIALS AND METHODS

Study Design and Breast Cancer Patient Cohort

This retrospective descriptive study included 25 individuals
referred to the Department of Medical Genetics, Baskent University
Hospitals, for breast cancer mutation analysis between December
2019 and October 2021. The study population comprised individuals
with a diagnosis of breast cancer or a first-degree family history of
breast cancer. Throughout the manuscript, the cohort is referred to
in the context of breast cancer patients and breast cancer genetic
evaluation. All included individuals had previously undergone clinical
exome sequencing as part of their genetic assessment.

The study was approved by the Baskent University Medical and
Health Sciences Research Board on April 12, 2022 (decision no.
119004; project no. KA22/45) and was supported by the Baskent
University Research Fund. Written informed consent was obtained
from all participants.

Clinical Exome Sequencing and Primary Analysis

Clinical exome sequencing was performed using the Illumina
NextSeq 550 platform. Thirteen individuals were analyzed using
the Sophia Clinical Exome Solution v2 assay, and primary analysis
was performed using Sophia DDM software. The remaining 12
individuals were analyzed using the Berry Genomics Clinical Exome
workflow. Variant detection and annotation for the Berry Genomics
data were performed using the Verita Trekker Variants Detection
System and the Enliven Variants Annotation Interpretation System.
The gene contents of the Sophia Clinical Exome Solution v2 and Berry
Genomics Clinical Exome assays are provided in Supplementary S1
and S2, respectively.

The present study used retrospectively available variant outputs
generated by these clinical workflows. Because two clinical exome
workflows and different output structures were used during the
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study period, the datasets were standardized before exploratory
filtering. The Sophia-derived dataset initially contained 101,225
records. The Berry Genomics outputs contained 195,241 records
from the Verita Trekker Variants Detection System and 49,751
records from the Enliven Variants Annotation Interpretation System;
because the latter two datasets had similar output characteristics,
they were combined for subsequent evaluation.

Exploratory VUS Reanalysis and Filtering Strategy

The objective of the exploratory reanalysis was to examine VUS
observations outside genes already prioritized in breast cancer and
general cancer literature. At the first stage, a literature-derived list
of 2,156 cancer-related genes was used as an exclusion list. This
strategy was not intended to imply that known cancer genes are
biologically unimportant; rather, it was used to focus the exploratory
analysis on observations that would not routinely be prioritized
as established cancer-gene findings. The complete list of excluded
genes is provided as Supplementary S3.

After application of the 2,156-gene exclusion list, 64,677 records
remained in the Sophia dataset and 165,881 records remained
in the combined Berry Genomics dataset. Known benign and
pathogenic variants were then removed to enrich the dataset for
variants reported as VUSs or variants requiring further review. This
sequential process yielded 38,173 records for additional evaluation.

The original filtering description did not adequately distinguish
automated consequence filtering from the subsequent manual and
in silico review. In the revised workflow, non-coding and synonymous
observations were deprioritized during the initial consequence-
based screen; however, recurrent records that remained unresolved
or inconsistently classified by the source analysis systems were
manually reviewed. Therefore, selected intronic observations
were retained for descriptive evaluation. Their retention did not
constitute evidence of pathogenicity, and intronic or synonymous
observations were not interpreted as disease-associated in the
absence of splicing, RNA, or other functional evidence.

Using record counts across the standardized datasets, 14 variants
were initially identified in the once-observed group and 868 in the
twice-observed group. These variants were individually re-evaluated
using in silico and public variant interpretation resources. Variants
that could be resolved as benign during this review were deprioritized.
Four candidate observations from the once-observed group and
seven candidate observations from the twice-observed group were
retained for detailed descriptive assessment. In this manuscript,
“once-observed” and “twice-observed” refer to occurrence counts
within the standardized retrospective dataset and should not be
interpreted as population frequencies or statistical recurrence.

Variant Interpretation and Database Review

Candidate variants were reviewed using Franklin, VarSome,
and gnomAD, together with available literature and gene-level
biological information. ACMG/AMP evidence codes were treated
as evidence criteria rather than numerical scores. In accordance
with current ClinGen Sequence Variant Interpretation guidance,
rarity/absence evidence and computational or splicing evidence
were interpreted cautiously and in the context of the relevant
gene—disease relationship. PM2, BP4, and BP7 codes reported by
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the source databases are presented as database-reported evidence
criteria; they were not independently counted as proof of breast
cancer association. BP4 and BP7 were explicitly recognized as
benign-supporting evidence. Because several candidate genes do
not have an established breast cancer gene—disease relationship
and transcript-specific raw evidence was not uniformly available
for retrospective recuration, we did not claim a de novo definitive
ACMG/AMP classification for every variant. Instead, the revised
tables distinguish database-reported ACMG/AMP evidence, public
database classification, and the interpretation adopted in the
present reanalysis.

Clinical Variables and Analytical Approach

The cohort comprised 25 individuals aged 25-64 vyears. The
retrospective clinical records identified 18 individuals with a breast
cancer diagnosis, including one individual with fibroadenomatous
hyperplasia and breast cancer, and 7 individuals referred primarily
because of family history.

Because the total cohort size was small and no healthy, population-
matched, or internal control cohort was available, no inferential
gene-level burden or enrichment analysis was performed. Related
individuals were not treated as independent observations in
frequency-based interpretation. Available clinical characteristics
were summarized descriptively. Molecular subtype, receptor status,
tumor stage, and tumor grade were not consistently available in the
retrospective dataset and therefore could not be used for adequately
powered subgroup analyses.

Statistical Analysis

Statistical analysis was descriptive. Categorical clinical variables
(diagnostic category and referral indication) were summarized as
counts, age as a range, and variant-level results as record counts at
each filtering step; “once-observed” and “twice-observed” denote
occurrence counts in the standardized retrospective dataset,
not allele frequencies. Related individuals were not counted as
independent recurrence events. No inferential analysis (hypothesis
testing, p-values, confidence intervals, odds ratios, gene-level burden
or enrichment tests, or multiple-testing correction) was performed,
because no control cohort was available, the sample size was small,
and the study was not powered for association testing; accordingly,
no finding should be interpreted as statistically significant. Clinical
variables that were not consistently available (molecular subtype,
receptor status, tumor stage, and tumor grade) were neither
analyzed nor imputed.

RESULTS

A total of 25 individuals referred for breast cancer mutation analysis
were included in the retrospective reanalysis. The cohort was
evaluated as an exploratory breast cancer series rather than as a
case-control association cohort. At the beginning of the bioinformatic
review, variant records were evaluated independently of the
individual clinical characteristics; clinical context was considered
only after the filtering and candidate-review stages.

After application of the literature-derived 2,156-gene exclusion

list and removal of known benign and pathogenic variants, 38,173
records remained for further evaluation. The initial occurrence-
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based review identified 14 variants in the once-observed group and
868 variants in the twice-observed group. Individual in silico and
database review further reduced these groups to four and seven
candidate observations, respectively.

The detailed once-observed candidate group involved ZDHHC15,
COL17A1, MFN1,and ZNF141.The ZDHHC15 c.137-51_137-50delGA,
COL17A1 c.1688-45_1688-44dupCA, and MFNI1 c.1663-8_1663-
6dupTTT variants were intronic observations. Public interpretation
resources included benign-supporting evidence for these variants,
and COL17A1 and MFN1 were classified as benign or likely benign
in at least one reviewed resource. Accordingly, these observations
were retained only for descriptive completeness and were not
interpreted as evidence of breast cancer susceptibility (Table 1).

Two ZNF141 missense variants, c.136G>A (p.Ala46Thr) and c.193G>T
(p.Val65Leu), were identified in the same 46-year-old female breast
cancer patient. Both variants were reported as VUSs in the reviewed
resources and had BP4 benign-supporting computational evidence.
The patient also had previously reported VUSs in ERBB2, PMS1,
and TSC1. The co-occurrence of two ZNF141 VUSs in one patient
was considered an exploratory observation and not evidence of a
ZNF141-breast cancer association.

The detailed twice-observed candidate group involved MUC6, VEZT,
MYBPC1, ZSWIM1, TDRD3, PRDM6, and PIGG. Several of these
observations were synonymous or intronic and were therefore
interpreted cautiously. Gene-level literature suggesting roles in
cancer-related biological processes was not considered variant-level
evidence of pathogenicity.

Two different MUC6 variants were identified among four individuals.
One MUCE6 variant was observed in two unrelated individuals aged
25 and 49 years; the 25-year-old individual had fibroadenomatous
hyperplasia and breast cancer, whereas the 49-year-old individual
was referred in the context of a family history of breast cancer. The
other MUCE6 variant was observed in two sisters aged 43 and 45 years
from a family with breast cancer history. Because the sisters were
related, they were not considered independent recurrence events.

Table 1. List of recurring variants.

No formal segregation analysis involving affected and unaffected
relatives was performed (Table 2).

No control-based comparison, population-matched enrichment
test, gene-level burden analysis, formal segregation study, or
functional validation was performed. Therefore, the present data
do not demonstrate a statistical or causal association between the
identified variants or genes and breast cancer.

DISCUSSION

In this retrospective descriptive study, clinical exome sequencing
data from breast cancer patients were re-evaluated with a specific
focus on VUS observations outside genes already prioritized in
cancer literature. The study identified a limited set of recurrent or
potentially noteworthy observations after sequential filtering and
manual review. The findings should be interpreted as hypothesis-
generating and do not establish gene—disease associations.

The original exploratory strategy excluded a literature-derived list
of 2,156 genes associated with breast cancer or cancer in general.
We acknowledge that excluding established cancer genes would be
inappropriate in a comprehensive clinical diagnostic analysis. In the
present study, however, the strategy was used only after the original
clinical exome evaluation and was intended to focus a secondary
research reanalysis on less routinely prioritized genes. The known
cancer-related findings from the original clinical reports were not
considered absent or clinically irrelevant; rather, they were outside
the specific exploratory question of this secondary analysis.

MUC6 was considered of exploratory interest because two different
variants were observed among four individuals. However, the
interpretation is limited by family relatedness, the absence of
segregation analysis, and the absence of a control population. MUC6
encodes a secreted mucin involved in epithelial protection and has
been studied as a biomarker in several epithelial malignancies (7-9).
In breast cancer, mucin expression studies have reported variation
in MUC6 expression according to tumor characteristics, including
estrogen receptor status and mucinous histology (10). These gene-

Gene Nucleotide variation Protein dbSNP Consequence ACMG/AMP Public Interpretation in the
variation evidence reported database present reanalysis
in source databases classification
ZDHHC15 ¢.137-51_137-50delGA — rs773803900 Intronic BP7 VUusS Descriptive only;
benign-supporting
evidence
COL17A1 ¢.1688-45_1688-44dupCA — rs372506043 Intronic PM2, BP7 Benign Descriptive only;
conflicting/benign
evidence
MFN1 ¢.1663-8_1663-6dupTTT — rs75719342 Intronic BP7 Likely benign  Deprioritized; benign-
supporting evidence
ZNF141 c.136G>A p.(Alad6Thr) rs75245145  Missense BP4; PM2 reported  VUS VUS; hypothesis-
by VarSome generating only
ZNF141 c.193G>T p.(Val65Leu) rs78725891 Missense BP4; PM2 reported  VUS VUS; hypothesis-
by VarSome generating only

ACMG/AMP codes are evidence criteria, not numerical scores. PM2 is pathogenic-supporting rarity/absence evidence when appropriately applicable; BP4 and
BP7 are benign-supporting evidence. Criteria shown here reflect evidence reported by the source databases used in the retrospective analysis and were not
treated as independent proof of breast cancer association. VUS: Variant of uncertain significance, —: Not available/not applicable.
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Table 2. Candidate variants in the twice-observed group.

Gene Nucleotide Protein variation dbSNP Consequence ACMG/AMP Public Interpretation in the present
variation evidence reported  database reanalysis
in source databases classification
Muce c.5T>G p.(Val2Gly) rs201440145 Missense PM2 reported VUS VUS; hypothesis-generating only
MUC6 c.4967C>T  p.(Prol656Leu) — Missense PM2, BP4 reported  VUS VUS; hypothesis-generating only
VEZT c.634delC  p.(Arg212GlufsTer8) — Frameshift PM2 reported VUS VUS; no PVS1 assigned without
gene/disease-specific LoF
assessment
MYBPC1 ¢.1793T>A  p.(lle598Lys) - Missense PM2 reported VUS VUS; no breast-cancer
association inferred
ZSWIM1 c.627C>T p.(Asn209=) — Synonymous  PM2, BP7 reported  Not available Descriptive only; BP7 is benign-
supporting
TDRD3  ¢.1019G>A  p.(Arg340Lys) — Missense PM2 reported; VUS VUS; hypothesis-generating only
BP4 reported by
VarSome
PRDM6  ¢.561G>A  p.(Prol87=) — Synonymous  PM2, BP7 reported  Likely benign Deprioritized; benign-supporting
evidence
PIGG c.2871C>T  p.(Tyr957=) — Synonymous  PM2, BP7 reported; Likely benign Deprioritized; benign-supporting
BP4/BP7 by evidence
VarSome

ACMG/AMP codes are evidence criteria, not numerical scores. PM2 is pathogenic-supporting rarity/absence evidence when appropriately applicable; BP4 and
BP7 are benign-supporting evidence. Criteria shown here reflect evidence reported by the source databases used in the retrospective analysis and were not
treated as independent proof of breast cancer association. VUS: Variant of uncertain significance, —: Not available/not applicable.

level observations provide biological context but do not demonstrate
that the MUCE6 variants identified in our cohort confer breast cancer
susceptibility.

ZNF141 was also of exploratory interest because two missense VUSs
were observed in a single breast cancer patient. Zinc-finger proteins
have diverse regulatory functions, and several members of the
broader zinc-finger protein family have been implicated in cancer
biology (11-16). Nevertheless, evidence concerning other zinc-finger
genes cannot be extrapolated to ZNF141. Moreover, both ZNF141
variants had BP4 benign-supporting computational evidence. The
co-occurrence of two VUSs in one individual is insufficient to infer
causality, and larger datasets and gene-specific functional studies
are required.

The intronic observationsin ZDHHC15, COL17A1, and MFN1 illustrate
an important limitation of retrospective VUS review. Although such
variants may remain unresolved in one resource or source workflow,
benign-supporting evidence, location outside canonical splice
regions, or benign/likely benign classifications in other resources
substantially weaken disease-related interpretation. These variants
were therefore discussed descriptively and were not used to support
breast cancer association. The same caution applies to synonymous
observations: gene-level cancer literature does not establish a
functional effect for a specific synonymous variant.

The ACMG/AMP framework is an evidence-based classification
system rather than a numerical scoring system (17). PM2, BP4, and
BP7 are evidence criteria with different directions and strengths.
Current ClinGen guidance emphasizes transparent, criterion-
specific application of rarity, computational, and splicing evidence.
In particular, BP4 and BP7 are benign-supporting criteria and
cannot be used to support disease relevance. We therefore did not
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convert automated Franklin or VarSome outputs into independent
evidence of breast cancer association. The revised tables separately
report database-reported ACMG/AMP evidence, public database
classification, and our interpretation in this retrospective reanalysis.
A definitive de novo ACMG/AMP classification was not assigned
where the required gene—disease validity, transcript-specific,
segregation, or functional evidence was unavailable.

Breast cancer is clinically and molecularly heterogeneous. The
reviewer appropriately suggested analyses by age at diagnosis,
family history, histopathological subtype, molecular subtype, stage,
grade, and BRCA1/BRCA2 status. Age and family history were
available and are now presented descriptively. However, receptor
status, molecular subtype, stage, and grade were not consistently
available in the retrospective source dataset, and the cohort size
of 25 individuals would result in very small subgroup counts. We
therefore did not perform inferential subgroup analyses that could
yield unstable or misleading estimates.

Periodic reinterpretation of VUSs remains important because
population resources, clinical databases, computational evidence,
and functional data evolve. Nevertheless, reinterpretation should
not be conflated with association testing. Robust gene—disease
association requires appropriate comparison cohorts, population
matching, independent observations, statistical enrichment
or burden analyses, and preferably segregation and functional
evidence. The present study provides candidate observations that
may inform future research under these more rigorous designs.

Study Limitations

This study has several limitations. The sample size was small and the
retrospective cohort was not designed or powered for variant-level



Gazi Med J 2026;37(4):490-495

Glntekin Erglin and Sahin. VUS in Breast Cancer Patients

or gene-level association testing. No healthy, population-matched,
or internal control cohort was available, precluding enrichment
and burden analyses. The cohort was clinically heterogeneous,
and molecular subtype, receptor status, tumor stage, and tumor
grade were not consistently available for subgroup analysis. Two
clinical exome workflows with different output structures were
used, requiring retrospective standardization of variant records.
The 2,156-gene exclusion strategy was an exploratory research
filter and was not a validated disease-association pipeline. Related
individuals were present among the MUC6 observations and no
formal segregation analysis was performed. No RNA, splicing, or
other functional validation was available. Finally, VUS classifications
and database evidence evolve over time. These limitations preclude
causal or statistical association claims.

CONCLUSION

In conclusion, this retrospective descriptive reanalysis of clinical
exome data from breast cancer patients identified a limited number
of exploratory VUS observations after sequential filtering and
database review. MUC6 and ZNF141 were of potential biological
interest; however, the current data do not demonstrate that variants
in these genes are associated with breast cancer. The observations
should be considered hypothesis-generating and require evaluation
in larger, population-matched cohorts incorporating independent
recurrence, segregation analysis, gene-level statistical testing, and
functional validation. The study also emphasizes the importance
of cautious, transparent, and periodic reinterpretation of VUSs in
clinical molecular genetics.
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ABSTRACT

Objective: To describe the study habits and attitudes toward the use of
artificial intelligence (Al) tools for studying among anesthesia trainees
in Turkiye, and to explore the associations between these factors and
performance in national in-training examinations.

Methods: A cross-sectional online survey was administered to
anesthesia trainees in Tirkiye between April and June 2025. The
questionnaire addressed study frequency and duration, preferred
resources, Al use patterns, and 5-point Likert ratings for reliability and
usefulness. Performance in the national online trainee assessment
examination (GADS) was analyzed using Kruskal-Wallis tests and
Spearman correlation, with CADS scores encoded as ordinal ranks (1-
4).

Results: A total of 148 responses were analyzed. Study sessions were
reported as “occasional” by 60.1%, with typical sessions lasting 1-2
hours (48.6%). Although 96.6% of the respondents perceived a need
to study more, the main barriers were fatigue and burnout (46.9%) and
time constraints due to clinical duties (29.4%). The most commonly
used resources were textbooks (92.6%), spaced repetition (60.8%),
and online journals (52.7%). Al tools were rated as useful (mean 3.89
+ 0.99) but only moderately reliable (3.22 + 0.97). Two-thirds of the
respondents participated regularly in CADS (66.2%). Among the 130
participants who had completed at least one CADS examination, the
most frequently reported score category was 60-79 (73.1%). Frequent
Al use was significantly associated with higher CADS performance (p =

0z

Amag: Tirkiye’de anesteziyoloji ve reanimasyon asistanlarinin klinik
disi calisma aliskanliklarini, kullandiklari egitim kaynaklarini ve yapay
zeka (YZ) tabanl araglara iliskin kullanim sikligini ortaya koymak, ayrica
bu faktorlerin ulusal gevrim igi asistan degerlendirme sinavi (CADS)
performansiyla iliskisini degerlendirmektir.

Yontemler: Nisan-Haziran 2025 tarihleri arasinda anesteziyoloji
asistanlarina gevrimici, anonim, kesitsel bir anket uygulandi. Anket;
demografik Ozellikler, ¢alisma sikhgl ve siresi, egitim kaynaklari,
YZ kullanim sikligi ve 5’li Likert 6lgegi ile glvenilirlik/fayda algisi
sorularindan olustu. CADS skorlari sirali kategoriler (1-4) olarak kodlandi
ve Kruskal-Wallis testi ve Spearman korelasyonu ile degerlendirildi.

Bulgular: Toplam 148 yanit analiz edildi. Calisma sikhigi agirlikli olarak
“ara sira” (%60,1), oturum siiresi 1-2 saat (%48,6) olarak bildirildi.
Katihmcilarin %96,6’s1 daha fazla calismasi gerektigini distiniyordu;
ana engeller yorgunluk/tikenmislik (%46,9) ve klinik gdérevlerden
kaynakl zaman eksikligi (%29,4) idi. En sik kullanilan kaynaklar ders
kitaplari (%92,6), aralikli tekrar (%60,8) ve ¢evrimici makaleler (%52,7)
iken YZ araglarini diizenli kullananlar yalnizca %24,3 oranindaydi.
YZ'nin faydaliligi ortalama 3,89 + 0,99, glivenilirligi 3,22 + 0,97 olarak
puanlandi. CADS sinavina katilan 130 asistanin %73,1’inin son CADS
puani 60-79 araligindaydi. Dizenli YZ kullanimi (glinlik veya haftada
2-3 kez) CADS performansiyla anlamli iliskiliydi (p = 0,003). Kendine
given diizeyi de CADS performansiyla pozitif korele idi (r, = 0,205, p
= 0,019). Calisma sikligi ve kullanilan teknikler CADS performansiyla
iligkili degildi.
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ABSTRACT

0.003). No associations were found between CADS performance and
study frequency or specific study techniques.

Conclusion: Anesthesia trainees in Turkiye display irregular, brief
study patterns, with fatigue and burnout as the main problems. Al
tool adoption remains low, likely due to moderate trust and a lack of
guidance. Frequent Al use and higher self-confidence were associated
with better examination performance in exploratory univariable
analyses. Educational programs may benefit from addressing workload
and burnout while providing structured guidance for the appropriate
integration of Al tools.

Keywords: Anesthesia trainees, study habits, artificial intelligence,
e-learning, Turkiye

0z

Sonug: Turkiye’deki anesteziyoloji asistanlari dizensiz ve kisa sureli
calisma oOruntlsl sergilemekte; yorgunluk ve tikenmislik temel
sorunlar olarak 6ne ¢ikmaktadir. YZ araglari diisiik gliven ve rehberlik
eksikligi nedeniyle az kullanilmaktadir. Tek degiskenli kesifsel
analizlerde, sik YZ kullanimi ve yiiksek kendine gliven diizeyinin daha
iyi sinav performansi ile iligkili oldugu bulundu. Egitim programlari is
yukl ve tikenmisligi dogrudan ele almali, YZ araglarinin entegrasyonu
desteklenmelidir.

Anahtar Sozciikler: Anesteziyoloji, calisma aliskanliklari, yapay zeka,
cevrimigi 6grenme, Tlrkiye

INTRODUCTION

In medical education, trainee study behavior is not uniform across
specialties, institutions, or even training years; it is an adaptive
response to workload, assessment pressure, and the availability of
structured learning tools.

Beyond bedside learning, trainees are expected to engage in self-
directed study to maintain clinical competence and prepare for in-
training or board examinations. Accordingly, study habits constitute
an important component of residency education, as they shape not
only examination preparation but also the development of long-
term learning routines (1-4).

Previous studies from different specialties suggest that trainees’
study behaviors are influenced by multiple factors, including
workload, duty-hour structure, educational resources, and the
assessment system within their training program (1-5). Trainees
often rely on a combination of traditional methods, such as textbooks
and written summaries, and more structured or exam-oriented
approaches, including case conferences, question-based learning,
and online modules (1-3). Access to digital resources and structured
educational formats has also been associated with more consistent
study patterns and, in some reports, with improved examination
performance (1,2,5). At the same time, external pressures such as
heavy service demands, fatigue, and disrupted clinical environments
may reduce the time and energy available for self-study (5-7).

These issues may be particularly relevant in anesthesiology, a
specialty characterized by intense clinical responsibility, irregular
working hours, night shifts, and a high cognitive load. Although
anesthesiology trainees are expected to master broad theoretical
knowledge while simultaneously developing procedural and
decision-making skills, little is known about how they actually
study outside clinical hours, which learning resources they prefer,
and what barriers limit their study routines. This gap is important
because educational planning is often based on assumptions rather
than on direct data from the trainees themselves.

Since their public release in November 2022, artificial intelligence
(Al) chatbots (also known as large language models or LLMs) have
attracted substantial interest in medical education as fast and user-
friendly tools that may support students, trainees, educators, and
health care professionals in accessing and processing information
(8-10). Early reports have shown that LLMs can achieve passing or

near-passing performance on components of medical examinations,
including the United States Medical Licensing Examination,
highlighting their potential relevance for knowledge acquisition
and assessment (11,12). In addition to retrieving and summarizing
information, LLMs may assist learners by generating explanations,
clarifying difficult concepts, and supporting question-based learning
in an interactive and low-stakes environment (9,10,12). Such tools
may also facilitate academic tasks by providing rapidly synthesized
information that can be used for studying and writing purposes
(13). However, despite increasing interest in Al-assisted learning,
the actual role of these tools in postgraduate medical education
and their integration into trainees’ everyday study routines remain
insufficiently defined.

Despite growing interest in both trainee study behavior and digital
learning tools, data from Tirkiye remain limited. Findings from
other countries may not be directly generalizable because residency
training conditions vary substantially across health-care systems in
terms of workload, institutional structure, educational culture, and
access to learning resources. Understanding how anesthesiology
trainees in Turkiye study, which resources they use, and how they
perceive Al-based tools may provide useful insights for training
programs seeking to improve learning support under real-world
clinical constraints.

The present study aimed to evaluate the study habits of
anesthesiology trainees in Turkiye, identify the main barriers
affecting self-directed learning, describe the educational resources
they use, and assess their attitudes toward the use of Al tools for
studying and examination preparation.

MATERIALS AND METHODS

This was a national, cross-sectional, web-based survey conducted
to explore the habits, preferred learning resources, and attitudes
toward Al tools of anesthesiology trainees in Turkiye. Ethical approval
was obtained from the Gazi University Ethics Commission (approval
no: 13.01.2025-E.1141829, date: 13.01.2025). Participation was
voluntary and anonymous, and all respondents provided electronic
informed consent before proceeding to the survey. No financial
or material incentives were offered. The study was reported in
accordance with the Checklist for Reporting Results of Internet
E-Surveys (14).
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The questionnaire was developed by the authors specifically for this
study to examine how anesthesiology trainees study outside clinical
working hours and how they perceive emerging Al-based educational
tools. After reviewing the relevant literature on resident study
habits, examination preparation, digital learning resources, and Al-
assisted education, the initial item pool was reviewed internally by
the study team for relevance, clarity, and content coverage before
pilot testing. Before distribution, the survey was pilot-tested among
a small group of anesthesiology trainees who were not included
in the final analysis, and minor wording revisions were made to
improve clarity and completion flow. Although the questionnaire
underwent internal review and pilot testing, it was not formally
validated using psychometric methods; therefore, measurement
error cannot be excluded. The final survey included items addressing
demographic and training-related characteristics, frequency and
duration of study outside clinical hours, commonly used study
methods and educational resources, and patterns of Al tool use
for learning and examination preparation. Additional questions
addressed participation in national and international examinations,
including the Turkish Society of Anaesthesiology and Reanimation
online trainee assessment examinations (CADS) and the European
Diploma in Anaesthesiology and Intensive Care (EDAIC).

The survey was prepared and administered through Typeform®
(Typeform S.L., Barcelona, Spain), and the survey link was circulated
electronically through WhatsApp groups used by anesthesiology
trainees and other professional communication networks targeting
anesthesiology trainees in Tirkiye. This study therefore used a
convenience sample of anesthesiology trainees who voluntarily
responded to the survey through these professional communication
networks. Because the exact number of trainees who received or
viewed the invitation could not be determined, a formal response
rate could not be calculated. Data collection was carried out
between April and June 2025. Only fully completed questionnaires
were included in the analysis, whereas incomplete submissions
were excluded. Because the survey was conducted anonymously,
no directly identifying personal information was retained in the final
dataset.

No formal a priori sample size calculation was performed because
the study was designed as an exploratory, web-based descriptive
survey. The final sample size was comparable to those reported in
previous survey-based studies evaluating study habits and academic
performance among medical residents. For example, Barragan-
Hervella et al. (4) analyzed 112 residents using a Likert-scale
questionnaire and correlation-based analyses.

Statistical Analysis

Data were analyzed using StatsDirect (version 4.0.4, StatsDirect
Ltd., UK). Categorical variables were summarized as numbers
and percentages. Continuous variables were presented as mean
+ standard deviation (SD), whereas Likert-scale items (1-5) were
summarized using both mean = SD and median with interquartile
range (IQR). For analytical purposes, CADS score categories were
encoded as ordinal ranks (1 = < 40, 2 = 40-59, 3 = 60-79, 4 = 80-100)
and presented as medians with IQRs.

For group comparisons, the Kruskal-Wallis test was used for
ordinal outcomes with more than two groups, followed by Dunn’s
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post-hoc test with Bonferroni correction where appropriate. The
Mann-Whitney U test was applied for pairwise comparisons of the
study techniques. Spearman’s rank correlation coefficient (r) was
calculated to assess associations between ordinal variables (self-
confidence level and CADS performance). Categorical associations
were examined using the chi-square test or Fisher’s exact test where
appropriate.

A two-sided p-value below 0.05 was considered statistically
significant. All analyses were descriptive and exploratory in nature
given the cross-sectional design.

RESULTS

A total of 148 responses were received and included in the analysis.
The majority of respondents were aged 25-30 years (n =111, 75.0%),
with female participants comprising 56.8% (n = 84) of the sample.
Detailed characteristics of the participants are shown in Table 1.

The majority of respondents reported studying outside clinical
hours only “occasionally” (n = 89, 60.1%), while regular study (2-3
times per week or more frequently) was reported by less than one-
quarter of the cohort. When study did occur, the typical session
duration was 1-2 hours (n = 72, 48.6%) or less than one hour (n =
57, 38.5%), with sessions lasting longer than two hours reported
by only 12.8% of participants. Despite infrequent and brief study
patterns, almost all respondents (n = 143, 96.6%) reported that
they believed they needed to study more. The most frequently
cited barrier was fatigue and burnout (n = 67, 46.9%), followed
by time constraints due to clinical duties (n = 42, 29.4%), lack of
motivation (n = 20, 14.0%), and personal responsibilities outside
work (n = 14, 9.8%) (Table 1).

Regular use of Al tools for study purposes (2-3 times per week or
more) was reported by 24.3% of participants (Table 2). Among those
who did use Al tools, ChatGPT or similar LLMs were by far the most
commonly accessed (n =86, 58.1%), while the use of clinical decision-
support systems, Al-powered medical databases, or medical image
analysis tools was uncommon (< 8.1%). The most frequent purposes
for Al use were information retrieval (n = 84, 56.8%), academic
writing or presentation preparation (n = 41, 27.7%), and support
with practice questions or case studies (n =27, 18.2%).

The participants’ perceptions of Al tools were characterized by
moderate reliability [mean 3.22 +0.97, median 3.0 [(3.0-4.0)], higher
perceived usefulness [mean 3.89 + 0.99, median 4.0 (3.0-5.0)], and
perceived time-saving efficiency [mean 4.01 + 1.01, median 4.0 (3.0-
5.0)]. Despite this, 67.6% of respondents rated Al tools as useful or
very useful (scores of 4 or 5), yet actual usage remained limited, with
37.8% reporting no use at all (Table 2).

Textbooks were the most frequently reported learning resource (n =
137, 92.6%), followed by online articles or journals (n = 78, 52.7%)
and educational videos (n = 63, 42.6%) (Table 3).

Among the 130 participants who had completed at least one CADS
examination, the most frequently reported score category was 60-
79 (95/130, 73.1%), while 26 participants (20.0%) reported scores
between 80 and 100. Almost all participants (n = 142, 95.9%) had not
yet attempted the EDAIC examinations (Table 3).

Exploratory analyses examined the relationship between study-
related factors and CADS performance among the 130 participants
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Table 1. Demographic and general characteristics of participants (n =
148).

Table 2. Artificial intelligence tool use among anesthesiology trainees
(n = 148).

Variable n % Variable n %
Age group Frequency of Al tool use for studying

25-30 111 75.0 Every day 14 9.5
31-35 32 21.6 2-3 times/week 22 14.9
36-40 5 34 Once a week 8 5.4
Sex Occasionally 48 32.4
Female 84 56.8 Never 56 37.8
Male 64 43.2 Al tools used (multiple response)

Year of residency

1% year 26 17.6
2" year 55 37.2
3 year 22 14.9
4t year 22 14.9
5thyear 23 15.5
Type of institution

City hospital 93 62.8
University hospital 37 25.0
Training & research hospital 18 12.2
Study frequency (outside clinical hours)

Every day 5 34
2-3 times/week 28 18.9
Once a week 26 17.6
Occasionally 89 60.1
Average study session duration

<1 hour 57 38.5
1-2 hours 72 48.6
2-3 hours 16 10.8
>3 hours 3 2.0

Perceives need for more studying
Yes 143 96.6
No 5 3.4

Main barrier to increased study (n = 143)

Fatigue and burnout 67 46.9
Time constraints due to clinical duties 42 29.4
Lack of motivation 20 14.0
Personal responsibilities outside work 14 9.8

Data are presented as number (n) and percentage (%). Year of residency
reflects the self-reported training year at the time of the survey.

who had completed at least one CADS examination (Table 4). CADS
score categories were treated as ordinal ranks (1-4) for statistical
comparison. Al tool use frequency was significantly associated with
higher CADS scores (Kruskal-Wallis H = 15.76, p = 0.003). Post-hoc
pairwise comparisons revealed that daily users [median score 3 (IQR:
3-4); 33.3% scoring = 80] and users reporting 2-3 times per week
(median 3 [IQR: 3-4]; 42.1% scoring > 80) performed significantly

ChatGPT or similar conversational Al 86 58.1
Clinical decision-support systems 1 0.7
Al-powered medical databases 12 8.1
Presentation-generating Al tools 6 4.1
Medical image analysis tools 8 5.4

Purposes of Al use (multiple response)

Information retrieval 84 56.8

Practice questions/case studies 27 18.2
Academic writing/presentation 41 27.7

Exam preparation (EDAIC/CADS) 12 8.1
Simulation/guideline learning 22 14.9

Visual materials 25 16.9

Al evaluation scale (1-5) Mean = SD Median [IQR]
Perceived reliability 3.22(+£0.97) 3.0[3.0-4.0]

3.89(¥0.99) 4.0[3.0-5.0]
4.01(+1.01) 4.0[3.0-5.0]

Perceived usefulness

Time-saving efficiency

Data for frequency and tools are presented as n (%) or mean + SD and
median [IQR] as appropriate. Multiple-response items sum to more than
100%. Al evaluation scales: 1 = strongly disagree, 5 = strongly agree.

SD: Standard deviation, IQR: Interquartile range, Al: Artificial intelligence,
EDAIC: European Diploma in Anaesthesiology and Intensive Care, CADS:
Cevrimigi Asistan Dedgerlendirme Sinavi.

better than non-users (median 3 [IQR: 3-3]; 8.3% scoring > 80)
(Dunn’s test: p = 0.006 and p = 0.013, respectively).

Self-reported confidence in clinical work was also positively
associated with CADS performance (Spearman r_=0.205, p = 0.019).
Trainees with very high self-confidence (score 5) had a median CADS
score of 3.5 [IQR: 3-4], with 50.0% achieving scores > 80, whereas
those with very low confidence (score 1) had a median score of 2
[IQR 2-3], with none scoring > 80.

No significant associations were found between CADS performance
and study frequency outside clinical hours (p = 0.644) or the use of
specific study techniques such as spaced repetition, note-taking, or
case-based exercises (all p > 0.19).

To assess whether the observed associations between Al use and
CADS performance might be confounded by other study-related
variables, we examined the correlations between the key predictors.
No significant correlation was found between Al use frequency and
study frequency outside clinical hours (r = 0.067, p =0.421), between
Al use and self-confidence level (r_= 0.124, p = 0.138), or between
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Table 3. Study habits, examination participation, and score distribution
(n = 148).

Variable n %
CADS participation

Regular attendance 98 66.2
Occasional 32 21.6
Never 18 12.2

Most recent CADS score

80-100 26 20.0
60-79 95 73.1
40-59 7 5.4
<40 2 1.5

Participants who had not taken CADS (n = 18) were excluded from this
distribution

EDAIC participation

Have not sat yet 142 95.9
Sat but did not pass at least one part 4 2.7
Sat and passed 2 14
Preferred study resources (multiple response)

Textbooks 137 92.6
Practice question banks 12 8.1
Educational videos 63 42.6
Online articles/journals 78 52.7
Al tools 47 31.8
Group study 4 2.7
Study techniques used (multiple response)

Question solving 13 8.8
Spaced repetition 90 60.8
Note-taking 81 54.7
Case-based exercises 48 324
Flashcards/post-it notes 18 12.2
Group study 7 4.7

Al: Artificial intelligence, CADS: Calisan Asistan Dederlendirme Sinavi (trainee
assessment examination conducted twice yearly by TARD), EDAIC: European
Diploma in Anaesthesiology and Intensive Care. Multiple-response items
sum to more than 100%.

Percentages for CADS score categories were calculated among participants
who had completed at least one CADS examination (n = 130).

self-confidence and study frequency (r_ = 0.089, p = 0.285). These
exploratory analyses showed that both frequent Al use and higher
self-confidence were associated with higher CADS score categories.
However, because no multivariable adjustment was performed, these
findings should be interpreted as exploratory associations rather than
evidence of independent effects and require confirmation in future
prospective studies using adjusted statistical models.

DISCUSSION

This national survey of anesthesiology trainees in Tiirkiye revealed
three key findings: first, that self-reported study outside clinical
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hours is infrequent and brief, with the majority of respondents citing
fatigue and workload as primary barriers; second, that Al tools are
perceived as useful but remain underutilized, with only one in four
trainees reporting regular use; and third, that frequent Al use and
higher self-confidence were associated with higher CADS score
categories in exploratory univariable analyses, whereas traditional
study habits showed no such association.

The finding that 60% of respondents study only “occasionally”
and that typical study sessions last one to two hours or less aligns
with previous reports describing limited and irregular self-directed
learning among medical trainees under high clinical workloads
(15). In a survey of radiology trainees in the United States, Toy et al.
(1) similarly reported that most trainees studied less than two hours
per day, with time constraints cited as the primary limiting factor.
Likewise, studies from Japan and other countries have documented
inverse associations between clinical duty hours and available
study time, suggesting that service demands directly compete with
educational activities (5,16).

What distinguishes our cohort is the prominence of fatigue and
burnout over time constraints alone. Nearly half of the respondents
(46.9%) identified fatigue and burnout as the main barriers
to increased study, a higher proportion than those citing time
limitations due to clinical duties (29.4%). This pattern may reflect the
intense on-call structure and unpredictable workload characteristics
of anesthesiology training in Tirkiye (15). Previous work has shown
that burnout is associated not only with reduced study time but also
with lower motivation, impaired concentration, and decreased long-
term retention (16). Notably, this pattern differs from recent findings
in countries with regulated duty hours. Following the implementation
of work-hour restrictions in the United States, personal and family
responsibilities, rather than fatigue, emerged as the primary barrier
to study time among trainees (17). Nearly all respondents (96.6%)
reported needing to study more, despite minimal actual study,
suggesting a cycle in which workload and exhaustion reduce both
the capacity and the effectiveness of self-directed learning.

Although two-thirds of the respondents in the present study rated
Al tools as useful or very useful, only 24% reported using them
regularly (2-3 times per week or more) for study purposes, and 38%
reported never using them at all. This gap between perceived utility
and actual use is consistent with early adoption patterns observed in
other educational technologies.

Several factors may contribute to this discrepancy. First, moderate
reliability scores (mean 3.2 out of 5) suggest that trainees remain
cautious about the accuracy of Al-generated content. Concerns
about factual errors, outdated information, or inappropriate
clinical recommendations in LLM outputs have been widely
documented (10,11,18,19). Although tools such as ChatGPT have
demonstrated passing-level performance on components of
medical licensing examinations, performance on structured test
questions does not guarantee reliability in open-ended clinical
reasoning or nuanced case interpretation (11,12). Trainees may be
understandably hesitant to rely on Al tools for high-stakes learning
without external validation.

Second, a lack of familiarity or institutional guidance may limit
uptake. Unlike traditional textbooks or peer-reviewed journals,
Al tools, such as ChatGPT, do not come with established protocols
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Table 4. Factors associated with CADS score: Comparative analysis (n = 130).

Variable/comparison n Median [IQR] CADS score’ % scoring 80-100 p-value®
A. Frequency of Al tool use (Kruskal-Wallis)

Daily* 12 3[3-4] 333 0.0034
2-3 times/week** 19 3[3-4] 42.1

Once a week 8 3.5 [3-4] 50.0

Occasionally 43 3[3-3] 14.0

Never 48 3[3-3] 8.3

B. Study frequency outside clinical hours (Kruskal-Wallis)

Every day 5 3[3-3] 20.0 0.6443
2-3 times/week 25 3[3-3] 28.0

Once a week 22 3[3-3] 13.6

Occasionally 78 3[3-3] 19.2

C. Study technique use (Mann-Whitney U per technique)

Technique Usedn  Median (users vs. non-users) % scoring 80-100 (users)  p-value®
Question solving 13 3.0vs. 3.0 30.8 0.1900
Spaced repetition 78 3.0vs. 3.0 17.9 0.4240
Case-based exercises 42 3.0vs. 3.0 26.2 0.1959
Note-taking 73 3.0vs. 3.0 20.5 0.6544
Flashcards 17 3.0vs.3.0 29.4 0.6498
Group study 7 3.0vs. 3.0 42.9 0.3801
D. Self-confidence level x CADS score (Spearman correlation)

Self-confidence level n Median CADS score % scoring 80-100 p-value®
Very low (1) 9 2[2-3] 0.0 0.0194
Low (2) 14 3[3-3] 21.4

Moderate (3) 65 3[3-3] 13.8

High (4) 34 3[3-4] 29.4

Very high (5) 8 3.5[3-4] 50.0

: CADS scores encoded as ordinal ranks: 1 = < 40, 2 = 40-59, 3 = 60-79, 4 = 80-100. Median [IQR] scores represent the central rank and IQR of each group. Bold

p-values indicate statistical significance (p < 0.05).

2: Kruskal-Wallis test, ®: Mann-Whitney U test, ©: Spearman rank correlation coefficient.

Post-hoc comparison of Al use frequency and CADS score (Dunn’s test):
- Daily vs. never: p = 0.006%,
- 2-3/week vs. never: p = 0.013**,

No significant association was found between study technique, study frequency, institution type, or perceived barrier and CADS performance.
IQR: Interquartile range, Al: Artificial intelligence, CADS: Cevrimigi Asistan Degerlendirme Sinavi.

for use in medical training. Trainees may be uncertain about how
to integrate these tools effectively into their study routines or may
lack awareness of “writing effective prompts,” fact-checking, and
source verification. Educational programs that provide training on
the responsible use of Al tools—emphasizing both their strengths
and their limitations—may help bridge this gap (20).

Exploratory univariable analyses demonstrated an association
between frequent Al use and higher CADS score categories. Trainees
who used Al tools daily or several times per week were significantly
more likely to achieve scores in the top performance category (>
80) compared to non-users (33-42% vs. 8%, p < 0.01). Although Al
use frequency was not significantly correlated with study frequency
or self-confidence, these exploratory analyses do not establish an
independent effect and should not be interpreted causally.

Several mechanisms may explain this finding. First, Al tools such
as ChatGPT allow for rapid, on-demand retrieval of explanations,
definitions, and summaries, which may facilitate just-in-time
learning during clinical rotations when formal study time is
scarce (21,22). Unlike textbooks, which require sustained reading, or
online searches, which yield variable-quality results, conversational
Al can provide immediate, synthesized responses tailored to specific
queries. This may be particularly valuable in anesthesiology, where
trainees encounter diverse clinical scenarios requiring the rapid
integration of pharmacology, physiology, and procedural knowledge.

Second, interactive questioning through Al platforms may support
active learning and self-testing, both of which are associated with
improved retention compared to passive reading (23).
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Third, it is possible that frequent Al users represent a subset of
trainees who are generally more engaged in self-directed learning,
more comfortable with digital tools, or more motivated to seek out
supplementary resources. However, the lack of correlation between
Al use and traditional study frequency (r_ = 0.07, p = 0.42) makes a
simple selection effect less likely. Instead, Al use appears to function
as a distinct learning behavior independent of conventional study
habits.

However, this association should be interpreted cautiously. Because
of the cross-sectional design, the direction of the relationship
cannot be determined. Frequent Al use may contribute to learning;
however, the reverse relationship is also plausible. Trainees with
higher examination performance may be more motivated, more
digitally literate, or more capable of using Al tools effectively and
critically. Therefore, Al use should not be interpreted as a direct
cause of better examination performance in the present study.

Nonetheless, the magnitude of the observed association suggests
that the relationship warrants further investigation through
prospective or interventional designs.

Self-reported confidence in clinical work showed a modest but
statistically significant positive correlation with CADS performance
(r, = 0.21, p = 0.02). This finding is consistent with previous
studies linking self-efficacy to academic achievement in medical
training (4,24). Trainees with higher confidence may be more likely
to engage in challenging study activities and perform better under
examination conditions.

However, the direction of causality remains unclear. Confidence may
drive better performance, or successful performance may reinforce
confidence, creating a positive feedback loop. Alternatively, both
may be influenced by underlying factors such as prior academic
preparation, clinical exposure, or quality of mentorship. The lack of
correlation between confidence and study frequency in our data (r,
= 0.09, p = 0.29) suggests that confidence does not simply reflect
greater study effort but may instead relate to clinical experience,
teaching quality, or individual psychological traits (24).

Study Limitations

Several limitations should be acknowledged. First, the cross-sectional
design precludes causal inference. The observed association
between Al use and examination performance may reflect reverse
causation, unmeasured confounding, or both. Second, all data
were self-reported and therefore subject to recall bias and social
desirability bias. CADS performance was based on self-reported score
categories rather than verified official examination records. This may
have introduced recall bias, selective reporting, or social desirability
bias, particularly if trainees with higher scores were more willing
to report their performance. Trainees may have overestimated
their study time, underreported barriers, or selectively recalled
Al use patterns. Third, CADS scores were available for only 130 of
the 148 respondents, and performance was self-reported rather
than verified through official records. Fourth, the survey used a
convenience sample recruited through professional communication
networks, which may have resulted in selection bias toward trainees
who were more engaged, digitally active, or interested in Al-related
topics. Because the total number of eligible trainees who received or
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viewed the survey invitation was unknown, a formal response rate
could not be calculated. Consequently, non-response bias cannot
be excluded, and the findings may not be fully representative of all
anesthesiology trainees in Tirkiye. Fifth, we did not assess specific
patterns of Al use—such as the types of prompts used, the depth of
engagement, or whether trainees verified Al-generated responses—
limiting our ability to explain why frequent use was associated
with better performance. Sixth, the questionnaire was developed
specifically for this study and, although it underwent internal review
and pilot testing, it was not a formally validated instrument. Finally,
generalizability to other specialties, countries, or training systems
may be limited. Because no multivariable analysis was performed,
potential confounding factors could not be adjusted for, and the
observed associations should therefore be interpreted with caution.

Our findings suggest that anesthesiology training programs in
Turkiye should address workload and burnout as primary obstacles
to effective learning, rather than focusing solely on providing more
educational content. Interventions might include protected study
time, wellness initiatives, or restructured duty schedules that
prioritize recovery and sustained attention (25).

Regarding Al tools, the gap between perceived usefulness and actual
use indicates a need for structured guidance. Training programs
could introduce formal sessions on how to use Al tools effectively and
safely, emphasizing prompt design, fact-checking, and appropriate
use cases.

Future research should employ prospective or interventional designs
to determine whether encouraging Al use directly improves learning
outcomes or whether the observed association is driven by learner
characteristics. Studies should also explore which specific patterns
of Al use are most beneficial, how to mitigate reliability concerns,
and whether Al tools can be integrated into formal curricula without
displacing evidence-based learning strategies such as spaced
repetition and active retrieval practice.

CONCLUSION

In conclusion, anesthesiology trainees in Tirkiye report irregular
and brief study patterns, with fatigue and clinical workload cited as
the primary barriers to increased self-directed learning. Although
Al tools are perceived as useful, adoption remains limited, likely
due to moderate trust and a lack of guidance. Frequent Al use and
higher self-confidence were associated with better performance in
national in-training examinations, suggesting that these factors may
be associated with better examination performance under time-
constrained training conditions. Educational interventions aimed
at reducing burnout while providing structured guidance for the
responsible use of Al tools may improve learning environments for
anesthesiology trainees.
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ABSTRACT

Objective: To evaluate the reliability and quality of Grok artificial
intelligence’s (Al) responses to commonly asked questions about
pediatric dentofacial health.

Methods: Four queries related to detrimental oral habits were
submitted to Grok Al in separate sessions. The generated responses
were independently evaluated by orthodontists, pediatricians, and
parents without a medical or dental background. Reliability was
assessed using the eight-item modified DISCERN instrument, and
overall information quality was evaluated using the Global Quality
Scale (GQS). Group comparisons were performed using the Kruskal-
Wallis test, and correlations among scores were analyzed using
Spearman’s rank correlation.

Results: Across evaluator groups, mean modified DISCERN scores
ranged from 23.85 to 27.66, and mean GQS scores ranged from
3.61 to 4.12, corresponding, overall, to moderate-to-good reliability
and quality. No statistically significant differences were observed
among orthodontists, pediatricians, and parents for any query.
Correlation analyses showed significant positive associations among
several modified DISCERN and GQS parameters, particularly across
different queries within the same evaluator groups. These findings
suggested consistent scoring patterns, especially among parents and
pediatricians.

Conclusion: Grok Al provided moderately reliable and generally
useful responses regarding pediatric dentofacial health. However, its
responses should be considered as supportive educational information

Oz

Amag: Bu ¢calismanin amaci, Grok yapay zeka (YZ) sisteminin pediyatrik
dentofasiyal saghk konusunda sik sorulan sorulara verdigi yanitlarin
glvenilirligini ve kalitesini degerlendirmektir.

Yontemler: Zararli oral aliskanliklarla iliskili dort farkli soru, ayri
oturumlarda Grok YZ sistemine yoneltildi. Elde edilen yanitlar;
ortodontistler, gocuk saghgi ve hastaliklari uzmanlari ile tip veya dis
hekimligi alaninda egitim almamis ebeveynler tarafindan birbirinden
bagimsiz olarak degerlendirildi. Yanitlarin glvenilirligi, sekiz maddeden
olusan modifiye DISCERN araci kullanilarak; genel bilgi kalitesi ise
Global Quality Scale (GQS) ile degerlendirildi. Gruplar arasindaki
karsilastirmalar Kruskal-Wallis testi ile yapildi, puanlar arasindaki
iliskiler ise Spearman sira korelasyon analizi kullanilarak incelendi.

Bulgular: Degerlendirici gruplar genelinde ortalama modifiye DISCERN
puanlari23,85ile 27,66 arasinda, ortalama GQS puanlariise 3,61ile 4,12
arasinda degisti. Bu degerler, yanitlarin genel olarak orta ile iyi diizey
arasinda givenilirlik ve kaliteye sahip oldugunu gosterdi. Higbir soru
icin ortodontistler, cocuk sagligi ve hastaliklari uzmanlari ve ebeveynler
arasinda istatistiksel olarak anlamli bir fark saptanmadi. Korelasyon
analizlerinde, gesitli modifiye DISCERN ve GQS parametreleri arasinda,
ozellikle ayni degerlendirici gruplarinin farkli sorulara verdikleri
puanlar agisindan anlamli pozitif iliskiler belirlendi. Bu bulgular,
ozellikle ebeveynler ve gocuk sagligl ve hastaliklari uzmanlari arasinda
puanlama 6runtdlerinin tutarh oldugunu distndiirdd.

Sonug: Grok YZ, pediyatrik dentofasiyal saglkla ilgili konularda orta
dizeydeguvenilirve genel olarakyararliyanitlar sundu. Bununlabirlikte,
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ABSTRACT

rather than a substitute for a professional pediatric or orthodontic
assessment. Further validation using larger question sets, multiple Al
models, and more diverse evaluator groups is needed.

Keywords: Artificial intelligence, generative artificial intelligence,
natural language processing, child health education, malocclusion

0z

bu yanitlar profesyonel pediatrik veya ortodontik degerlendirmenin
yerine gegen bir kaynak olarak degil, destekleyici egitim bilgisi olarak
degerlendirilmelidir. Daha genis soru setlerinin, farkli YZ modellerinin
ve daha gesitli degerlendirici gruplarinin yer aldigi ileri dogrulama
calismalarina ihtiyag vardir.

Anahtar Sozciikler: Yapay zeka, Uretken yapay zeka, dogal dil isleme,
cocuk saglig egitimi, malokllizyon

INTRODUCTION

Artificial intelligence (Al) applications, particularly chatbots
powered by large language models, are being increasingly
adopted in healthcare. These systems offer patients round-the-
clock accessibility, user-friendliness, and rapid responses, enabling
individuals to obtain information at any time of day (1,2). Owing to
these features, they are regarded as a practical source of information
by both the public and healthcare professionals.

Nevertheless, the accuracy and reliability of Al-based chatbots remain
a matter of debate. Several studies have demonstrated that such tools
may occasionally generate incorrect or irrelevant content and may even
present misinformation as factual (3,4). More recent investigations
have further highlighted that outputs generated by Al models can
contain biases related to gender, race, or socioeconomic status (5). In
addition, chatbot responses are often produced at a level exceeding
recommended health literacy standards, which may hinder patients’
understanding and reduce their active participation in care (6-8).

Recent studies have begun to evaluate the reliability of Al chatbots
across different medical disciplines. Kurt Demirsoy et al. (9) examined
ChatGPT’s responses in orthodontics and found that, while the model
could contribute to patient education, it remained limited in terms
of factual accuracy. Similarly, Terzi et al. (10) reported that ChatGPT’s
responses regarding dental implants and peri-implant phenotypes
were accessible but lacked sufficient depth for clinical decision-
making. These findings underscore the potential utility of Al-based
chatbots and emphasize the need for systematic evaluation across
diverse clinical contexts. Although Grok has recently been included
in comparative evaluations of large language models in dentistry,
its reliability in pediatric dentofacial health counseling remains
insufficiently characterized (11). This gap provided the rationale for
selecting Grok for the present study.

Dentofacial health is closely linked to growth and development
during childhood and adolescence. Harmful oral habits can negatively
influence jaw development, disrupt muscle balance, and impair
orofacial functions (12). In this context, both parents and healthcare
professionals—particularly pediatricians and orthodontists—play a
critical role in guiding healthy development. Preventive strategies
and effective counseling, however, depend on access to trustworthy
information (13). The reliability of information provided by Al-
based digital advisors is therefore of great importance, not only
for empowering parents but also for supporting clinicians in their
educational and counseling roles.

This study aimed to assess the reliability of Grok Al, an Al-based
chatbot, in providing guidance on dentofacial health. The chatbot’s
responses were evaluated by participants from different professional
backgrounds using the modified DISCERN (mDISCERN) tool and the
Global Quality Scale (GQS). By exploring the reliability of Al-based
conversational agents in this field, the study seeks to contribute to
both clinical practice and patient and parent education.

MATERIALS AND METHODS

In this study, frequently asked questions about detrimental oral
habits were submitted to Grok Al, an artificial- intelligence-based
conversational agent. To minimize the risk that the system’s adaptive
learning would influence subsequent responses, each question
was entered separately into new sessions. The generated answers
were then evaluated by three distinct participant groups through
an online survey. Each group reviewed the same set of responses,
thereby allowing a comprehensive assessment of Grok Al’s accuracy,
clarity, and relevance to the topic.

The following questions were directed to the chatbot:

1.What are the effects of mouth breathing on the dentofacial
region?

2.What are the impacts of prolonged pacifier and bottle use on the
head and facial region?

3.How do habits such as nail-biting, thumb-sucking, and biting
foreign objects (e.g., pencils) affect the dentofacial region?

4. What are the effects of frenulum and tongue-tie on the dentofacial
region?

The responses generated by Grok Al were assessed by three groups,

including two expert panels, to capture perspectives across different

demographics and educational backgrounds. The participant groups

were defined as follows:

1. Pediatricians (medical specialists in child health),

2.0rthodontists (dental specialists in orthodontics),

3.Parents: individuals with at least an undergraduate degree,

who have children but no professional background in medicine or
dentistry.

Inclusion Criteria

e Having completed specialty training in pediatrics or orthodontics
and voluntarily consenting to participate in the survey.

e For inclusion in the parent group: having at least an undergraduate
degree, being a parent, and not belonging to a health-related
profession.
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Exclusion Criteria
e Being a resident in pediatrics or orthodontics.
¢ Declining to provide informed consent for participation.

e Parents who, despite meeting the above criteria, were affiliated
with medical or dental professions.

The sample size was calculated using the G*Power program (version
3.1.9.2; Axel Buchner, University of Dusseldorf, Disseldorf, Germany)
to detect a medium effect size with 90% power. The required sample
size was determined to be 66 participants (effect size: 0.4382637).

Evaluation of Responses

The chatbot’s answers were evaluated using two validated
instruments: the mDISCERN questionnaire and the GQS. Assessments
were performed independently by three groups: orthodontists,
pediatricians, and parents with no professional background in
healthcare.

Evaluation Scales

The DISCERN instrument is a widely used three-part tool designed
to evaluate the reliability and quality of online health information
(3,14). In this study, only the first section consisting of eight items
was applied to examine the reliability of responses generated
by the Al-based chatbot (14). The eight criteria assessed in the
mDISCERN scale were as follows: (i) clarity of aims, (ii) achievement
of stated aims, (iii) relevance of content to the topic, (iv) citation
of information sources, (v) currency of information, (vi) impartiality
and balance, (vii) provision of additional sources of support, and
(viii) acknowledgment of areas of uncertainty. Each item was rated
on a scale from 1 (no) to 5 (yes). The total score was categorized as
poor (8-15), moderate (16-31), and good (32-40) (15).

The GQS is a five-point instrument used to assess the quality of
medical information sources (2). The scale is defined as follows:

¢ 1 point: poor quality, lacking information, not useful for patients,

e 2 points: poor quality, many important details missing, limited
usefulness,

¢ 3 points: moderate quality, some important information
adequately addressed, others insufficiently covered,

e 4 points: good quality, most key information adequate and useful
for patients,

e 5 points: excellent quality, fluent, comprehensive, and highly
useful.

Accordingly, GQS scores of 1-2 indicate low quality, scores of 3
indicate moderate quality, and scores of 4-5 indicate high quality.

This study was approved by the Ordu University Non-Interventional
Scientific Research Ethics Committee (approval no: 2025/246, date:
18.07.2025). Electronic informed consent was obtained from all
participants before participation in the online survey.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for
Windows, version 20.0 (IBM Corp., Armonk, NY, USA). The normality
of mDISCERN and GQS score distributions was assessed using the
Shapiro-Wilk test. Descriptive statistics were presented as mean *
standard deviation and minimum-maximum values. Because the
score distributions did not meet normality assumptions and the GQS
represents an ordinal rating scale, nonparametric methods were
used. The Kruskal-Wallis test was applied to compare mDISCERN
and GQS scores among the three evaluator groups. Spearman’s
rank correlation analysis was used to evaluate associations between
mDISCERN and GQS scores within each evaluator group. All statistical
tests were two-tailed, and a p-value of < 0.05 was considered
statistically significant.

RESULTS

The quality and reliability of Grok Al’s responses were evaluated using
the mDISCERN and GQS instruments across three participant groups:
orthodontists, pediatricians, and parents. As shown in Table 1, the
mean mDISCERN scores for the four queries did not differ significantly
among the groups. The mean mDISCERN scores ranged from 23.85 to
24.90in the orthodontist group, from 25.95 to 27.66 in the pediatrician
group, and from 25.52 to 27.09 in the parent group. Similarly, GQS
scores showed no statistically significant differences among the three
groups, with mean values ranging from 3.61 to 4.12. These findings
indicate that Grok Al’s responses were rated at comparable levels by
orthodontists, pediatricians, and parents, corresponding overall to
moderate-to-good levels of reliability and quality.

Table 1. Comparison of Grok Al responses by mDISCERN and GQS scores across groups.

Parameters Orthodontists (n = 21) Pediatricians (n = 24) Parents (n = 21)
Mean (SD) Min-max Mean (SD) Min-max Mean (SD) Min-max p*

Query 1 mDISCERN 23.85 (3.38) 18-32 25.95 (4.17) 21-39 26.19 (5.06) 18-40 0.120

GQs 3.71(0.64) 2-5 4.04 (0.62) 3-5 4.09 (0.70) 3-5 0.166
Query 2 mDISCERN 24.90 (3.68) 20-37 27.66 (5.97) 19-40 27.09 (5.44) 18-40 0.175

GQs 3.85 (0.72) 2-5 4.04 (0.75) 3-5 4.09 (0.83) 3-5 0.626
Query 3 mDISCERN 24.76 (3.78) 15-32 26.54 (5.83) 18-40 26.66 (5.62) 18-40 0.588

GQs 3.71(0.84) 2-5 3.95 (0.75) 3-5 4.04 (0.74) 3-5 0.470
Query 4 mDISCERN 24.85 (3.81) 18-36 27.33(5.53) 18-40 25.52 (4.63) 18-40 0.248

GQS 3.61(0.80) 2-5 4.12 (0.67) 3-5 4.00 (0.77) 3-5 0.112

*: Results of Kruskal-Wallis test.

GQS: Global Quality Scale, SD: Standard deviation, Max: Maximum, Min: Minimum, mDISCERN: Modified DISCERN.
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In the orthodontist group (Table 2), significant positive correlations
were observed primarily among scores from the same assessment
instrument across different items. Among GQS scores, the strongest
correlations were found between Query 2 and Query 3 (r = 0.855,
p < 0.001), Query 2 and Query 4 (r = 0.821, p < 0.001), and Query
3 and Query 4 (r = 0.792, p < 0.001). Similarly, mDISCERN scores
showed significant positive correlations across different queries,
including Query 2 and Query 3 (r = 0.756, p < 0.001), Query 2 and

Table 2. Correlation of GQS and mDISCERN scores in orthodontist (n = 21).

Query 4 (r=0.747,p <0.001), and Query 3 and Query 4 (r=0.719, p<
0.001). These findings suggest that orthodontists exhibit a consistent
scoring pattern when evaluating Grok Al’s responses across different
dentofacial health topics.

In the pediatrician group (Table 3), significant positive correlations
were also observed among GQS scores across different queries.
These correlations ranged from r = 0.616 to r = 0.865, with the
strongest association observed between GQS scores for Query 3 and

Query 1GQs g:::?é:m Query 2 GQs g:::?é:RN Query 3 GQS ﬁl;;\é:m 233” )
Query 1 mDISCERN r 0.053
p 0.820
Query 2 GQS r 0.551* 0.081
p 0.010 0.727
Query 2 mDISCERN r -0.289 0.568* 0.091
p 0.205 0.007 0.696
Query 3 GQS r 0.414 0.107 0.855* 0.142
p 0.062 0.646 <0.001 0.540
Query 3 mDISCERN r -0.077 0.728* 0.034 0.756* 0.141
p 0.739 <0.001 0.882 <0.001 0.542
Query 4 GQS r 0.634* 0.091 0.821* 0.103 0.792* -0.054
p 0.002 0.696 <0.001 0.656 <0.001 0.817
Query 4 mDISCERN r 0.064 0.598* 0.330 0.747* 0.383 0.719* 0.372
p 0.782 0.004 0.144 <0.001 0.087 <0.001 0.097
Bold values are statistically significant. *: Correlation is significant at the 0.01 level (2-tailed).
GQS: Global Quality Scale, mDISCERN: Modified DISCERN.
Table 3. Correlation of GQS and mDISCERN scores in pediatricians (n = 24).
Query 1 GQS g“;?&m Query 2 GQS ﬁ‘;g‘(’:ém Query 3 GQS f:;z::m Query 4 GQS
Query 1 r 0.122
mDISCERN p 0.571
r 0.657** 0.394
Query 2 GQS
p <0.001 0.057
Query 2 r 0.165 0.835%* 0.588**
mDISCERN p 0441 <0.001 0.003
r 0.653** 0.264 0.698** 0.417*%
Query 3 GQS
p 0.001 0.213 <0.001 0.043
Query 3 r 0297 0.797** 0.521%* 0.792%* 0.529**
mDISCERN p 0.158 <0.001 0.009 <0.001 0.008
Query 4 GQS r 0.629** 0.202 0.616** 0.399 0.865** 0.415*
p 0.001 0.343 0.001 0.053 <0.001 0.044
Query 4 r 0.149 0.862** 0.446* 0.867** 0.373 0.843** 0.357
mDISCERN p 0.488 <0.001 0.029 <0.001 0.073 <0.001 0.087

*: Correlation is significant at the 0.05 level (2-tailed). Bold values are statistically significant. **: Correlation is significant at the 0.01 level (2-tailed).
GQS: Global Quality Scale, mDISCERN: Modified DISCERN.
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Query 4 (r = 0.865, p < 0.001). Strong positive correlations were also
detected among mDISCERN scores across different queries, ranging
from r =0.792 to r = 0.867. In addition, significant correlations were
found between GQS and mDISCERN scores for Query 2 (r=0.588, p =
0.003) and for Query 3 (r =0.529, p = 0.008). These findings indicate
that pediatricians demonstrate a consistent evaluation pattern,
particularly in terms of response quality and reliability across the
four queries.

Among parents (Table 4), GQS scores across different queries
showed very strong positive correlations. The strongest correlations
were detected between Query 2 and Query 4 (r = 0.928, p < 0.001),
Query 2 and Query 3 (r = 0.884, p < 0.001), and Query 3 and Query
4 (r = 0.871, p < 0.001). Similarly, mDISCERN scores showed strong
positive correlations across different queries, including Query 2 and
Query 3 (r = 0.892, p < 0.001); Query 3 and Query 4 (r = 0.868, p
< 0.001); Query 1 and Query 4 (r = 0.852, p < 0.001); Query 1 and
Query 3 (r = 0.831, p < 0.001); Query 2 and Query 4 (r = 0.780, p <
0.001); and Query 1 and Query 2 (r = 0.677, p = 0.001). A significant
positive correlation was also found between Query 3 GQS and Query
3 mDISCERN scores (r = 0.447, p = 0.042). These results suggest that
parents tended to evaluate the quality and reliability of Grok Al’s
responses consistently across different questions.

Grok Al’'s responses were rated similarly by all three evaluator
groups, with no significant between-group differences in mDISCERN
or GQS scores. Correlation analyses revealed significant positive
associations among several GQS and mMDISCERN parameters,
particularly across different queries evaluated by the same evaluator
groups. These findings suggest consistency in evaluators’ scoring
patterns, particularly among parents and pediatricians.

DISCUSSION

In this study, the reliability and quality of responses generated
by Grok Al, an Al-based conversational agent, were evaluated in

Table 4. Correlation of GQS and mDISCERN scores in parents (n = 21).

the context of pediatric dentofacial health, based on assessments
by orthodontists, pediatricians, and parents. The findings
demonstrated that both mDISCERN and GQS scores exhibited overall
moderate-to-good reliability and quality. Mean mDISCERN scores
ranged between 23 and 27, while GQS scores ranged from 3.6 to
4.1, with no statistically significant differences observed among the
three groups. These results suggest that Grok Al’s responses were
perceived as broadly comparable by both professional and non-
professional evaluators.

Correlation analyses provided additional insight into evaluator
scoring patterns. Significant positive correlations were observed
among several GQS and mDISCERN parameters, particularly across
different queries evaluated by the same evaluator groups. In the
orthodontist group, correlations were primarily observed within
GQS scores and within mDISCERN scores across different queries.
In the pediatrician group, within-scale correlations and some
GQS—mDISCERN correlations were significant. Among parents,
very strong positive correlations were observed across GQS scores
and mDISCERN scores for different queries. These findings suggest
that participants consistently evaluated Grok Al's responses
across dentofacial health topics. However, these results should be
interpreted as evidence of consistent scoring patterns rather than
complete agreement between the two instruments.

Similar findings have been reportedin previous studies. Kurt Demirsoy
et al. (9) examined ChatGPT'’s responses in the field of orthodontics
and reported that, although the content was accessible, limitations
remained in terms of factual accuracy. Similarly, Terzi et al. (10)
evaluated Al-generated responses regarding dental implants and
peri-implant phenotypes and concluded that, while the information
may be useful for patient education, it lacked sufficient depth to
support clinical decision-making. In line with these reports, our
findings suggest that Grok Al may serve as a supportive educational
resource to provide general information for parents. However, it

Query 1 Query 2 Query 3
Query 1 GQS mDISCERN Query 2 GQS mDISCERN Query 3 GQS mDISCERN Query 4 GQS

Query 1 r 0.331
mDISCERN p 0.142

r 0.747%* 0.405
Query 2 GQS

p <0.001 0.069
Query 2 r 0.211 0.677** 0.113
mDISCERN p 0.358 0.001 0.627

r 0.750%* 0.424 0.884** 0.255
Query 3 GQS

p <0.001 0.055 <0.001 0.265
Query 3 r 0.308 0.831** 0.347 0.892** 0.447*
mDISCERN p 0.174 <0.001 0.124 <0.001 0.042

r 0.829%* 0.325 0.928%** 0.078 0.871%* 0.263
Query 4 GQS

p <0.001 0.151 <0.001 0.735 <0.001 0.249
Query 4 r 0.259 0.852%** 0.199 0.780%** 0.342 0.868** 0.189
mDISCERN p 0.256 <0.001 0.386 <0.001 0.129 <0.001 0.412

*: Correlation is significant at the 0.05 level (2-tailed). Bold values are statistically significant. **: Correlation is significant at the 0.01 level (2-tailed).

GQS: Global Quality Scale, mDISCERN: Modified DISCERN.

508



Gazi Med J 2026;37(4):504-510

Yapar GUmds et al. Reliability of an Al-Based Conversational Agent in Pediatric Dentofacial Health Counseling

should not be considered a substitute for professional pediatric or
orthodontic assessment.

The general medical literature also supports similar conclusions.
Liu et al. (16) demonstrated that, although ChatGPT offers practical
benefits in generating medical content, issues of accuracy and
currency remain. Giannakopoulos et al. (17) reported that large
language models provide only limited reliability in the context of
evidence-based dentistry. While Hwang et al. (18) highlighted the
contribution of deep learning applications in dentistry, Yu et al. (19)
emphasized that, despite the growing role of Al in clinical decision
support systems, concerns regarding reliability and bias persist.
Likewise, Topol (20) highlighted the transformative potential of Al in
healthcare delivery but underscored the need to address ethical and
transparency-related challenges. Taken together with our findings in
pediatric dentofacial health, these observations support a cautious
interpretation of Al-based conversational agents as adjunctive
educational tools rather than as independent clinical decision-
making resources.

One of the factors to consider when interpreting information
generated by large language models is “hallucination.” These models
can occasionally generate incorrect or unsubstantiated information
in a convincing manner; this can pose a problem, particularly when
answering questions related to medicine or dentistry (21,22). Users
may not always recognize such errors, especially when the provided
response appears clear and authoritative. Although our study did
not specifically evaluate hallucinations, the variability in reliability
scores indicates that health information generated by Al should be
treated with caution and, when necessary, verified by healthcare
professionals.

Pediatrics is an important field for the evaluation of digital advisors,
particularly because parental education and child health literacy
may influence healthcare-seeking behavior and decision-making
(23). Kubb and Foran (23), as well as Walsh et al. (24), demonstrated
that parents frequently use online health information, which can
significantly influence their decision-making processes. Baumann et
al. (25) reported that parents seek child health information through
multiple sources, including digital media, print media, and personal
contacts, and that this behavior may vary according to whether the
concern involves general child health and development or acute
iliness. Similarly, Min et al. (26), in a pediatric medical chatbot project
developed in Singapore, emphasized that such tools may provide
accurate, empathetic, and accessible information in urgent care
contexts, although improvements are needed to better accommodate
health literacy. DeWitt et al. (27) reviewed mobile health applications
and noted that, although content was generally user-friendly,
enhancements in readability and structure were required. Likewise,
Klapow et al. (28) found that chatbot initiatives targeting parents were
valuable for educational purposes but suggested that improvements
in literacy adaptation and accuracy could further enhance user
experience. Collectively, these findings underscore the growing role
of digital tools in pediatric counseling. By directly including parents
as evaluators, this study adds a parental perspective to assessing Al-
generated pediatric dentofacial health information, although further
research is needed to confirm and expand these findings.

Study Limitations

This study has several limitations. First, because the analysis
was based on a limited number of queries, the findings may not
reflect Grok Al’s performance across the full spectrum of pediatric
dentofacial health topics. Second, only one Al-based conversational
agent was evaluated, and the lack of transparency regarding Grok
Al’s training data and update frequency may have influenced the
accuracy and reproducibility of its responses. Third, the evaluations
were subjective, and participants’ varying levels of knowledge
and experience may have affected the scoring. Moreover, inter-
rater reliability was not assessed, which may limit interpretation
of consistency across evaluators. The single-center design of the
study may also limit the generalizability of the findings. Although
the mDISCERN and GQS instruments are commonly used to assess
the reliability and quality of online health information, both remain
partially dependent on evaluators’ interpretation. As the study was
cross-sectional and based on hypothetical queries, it may not fully
capture real-life interactions between parents, clinicians, and Al-
based tools. In addition, each query was evaluated using a single
generated response, and variations in Grok Al’s responses across
repeated sessions were not assessed. The evolving nature of large
language models also means that responses may change over time,
which could further limit reproducibility.

Future research should include comparative analyses of different
Al models, larger and more diverse international samples, and
direct assessments of patient experiences. In particular, the role
of Al-based tools in parental education for pediatric populations
warrants further investigation. Such efforts may clarify the potential
contribution of Al-supported counseling to preventive care in
addressing dentofacial health issues during childhood.

CONCLUSION

This study demonstrated that Grok Al provided responses with
moderate-to-good reliability in the context of pediatric dentofacial
health, as evaluated by orthodontists, pediatricians, and parents.
These findings suggest that Al-based conversational agents may
serve as supportive tools in parental education and preventive
pediatrics. However, they remain insufficient for clinical decision-
making, and further validation in larger and more diverse settings
is warranted.
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ABSTRACT

Objective: This study aimed to assess the perceptions of clinical
leadership among internal medicine trainees and to examine the
impact of a structured clinical leadership training programme on
learning outcomes.

Methods: The study was conducted between August 2023 and January
2024 in a tertiary hospital using a design-based research approach.
Under this approach, which comprised needs analysis, programme
development, implementation, and evaluation, 125 internal medicine
residents were included: 63 participated in the 13-hour clinical
leadership training programme (training group), while 62 formed
the control group. Data were collected using a demographic form, a
knowledge test (pre-test/post-test), and the clinical leadership scale
(CLS). The chi-square test was used for between-group comparisons,
and the odds ratio (OR) and 95% confidence interval (Cl) were used
to calculate the effect size. The Bonferroni correction was applied for
multiple comparisons.

Results: The CLS demonstrated high internal consistency (Cronbach’s
alpha = 0.96). The highest scores were obtained in the “management
of services” and “working with others” sub-dimensions, while the
lowest score was recorded in the “designing interventions” sub-
dimension. The correct response rate among participants who had
received training was significantly higher than among those who had
not (61.1% versus 29.2%), corresponding to a 2.09-fold increase (OR =
3.95; 95% Cl: 3.22-4.85; p < 0.001).

0z

Amag: Bu calismada, i¢ hastaliklari asistanlarinin  klinik liderlik
algilarinin  degerlendirilmesi ve vyapilandirilmis bir klinik liderlik
egitim programinin 6grenme ciktilari tizerindeki etkisinin incelenmesi
amaglanmistir.

Yontemler: Calisma, Agustos 2023-Ocak 2024 tarihleri arasinda
ligiincli basamak bir hastanede tasarim tabanh arastirma yaklasimiyla
ylritilmistir. ihtiyag analizi, program gelistirme, uygulama ve
degerlendirme asamalarindan olusan bu yaklasim kapsaminda 125 i¢
hastaliklari asistani calismaya dahil edilmistir; bunlardan 63’ 13 saatlik
klinik liderlik egitim programina katilmis (egitim grubu), 62’si kontrol
grubunu olusturmustur. Veriler demografik bilgi formu, bilgi testi (6n
test/son test) ve klinik liderlik 6lgegi (KLO) ile toplanmistir. Gruplar arasi
karsilastirmalarda ki-kare testi, etki blyUkligliniin hesaplanmasinda
olasilik orani (0O0) ve %95 gliven araligi (GA) kullaniimistir. Coklu
karsilastirmalar igcin Bonferroni diizeltmesi uygulanmistir.

Bulgular: KLO’niin i¢ tutarlihg yiiksek bulunmustur (Cronbach alfa
= 0,96). En yuksek puanlar “hizmetlerin yonetimi” ve “digerleri ile
calisma” alt boyutlarinda, en dusik puan ise “yonlendirmelerin
kurgulanmasi” alt boyutunda elde edilmistir. Egitim alan katihmcilarin
dogru yanit orani, egitim almayanlara gére anlamli diizeyde yiksek
bulunmustur (%61,1'e karsi %29,2); bu fark 2,09 katlik artisa karsilik
gelmektedir (OO = 3,95; %95 GA: 3,22-4,85; p < 0,001).

Sonug: Klinik liderlik egitimi, i¢ hastaliklari asistanlarinda bilgi
ve farkindalk artisi ile iliskilidir. Bu bulgular, klinik liderlik egitim
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ABSTRACT

Conclusion: Clinical leadership training is associated with increased
knowledge and awareness among internal medicine residents.
These findings support the integration of clinical leadership training
programmes into the medical education curriculum.

Keywords: Clinical leadership, leadership training, graduate medical
education, internal medicine residency, clinical competence, health
professions education, quasi-experimental study

0z

programlarinin  tip mifredatina edilmesini

desteklemektedir.

egitimi entegre
Anahtar Sozciikler: Klinik liderlik, liderlik egitimi, mezuniyet sonrasi tip

egitimi, i¢ hastaliklari uzmanlik egitimi, klinik yeterlilik, saghk meslekleri
egitimi, yari deneysel galisma

INTRODUCTION

The increasing complexity of healthcare services and the rise in
multidisciplinary teamwork have made the concept of clinical
leadership a fundamental component of modern healthcare systems
(1,2). Clinical leadership plays a critical role in improving the quality
of patient care, ensuring coordination within teams, and supporting
the effective management of healthcare services (3).

It has been demonstrated that effective clinical leadership is closely
linked to patient safety, quality of care and healthcare performance
(4). However, it is reported that clinical leadership skills are
largely acquired through experience and that structured training
programmes are limited (4,5).

Residents play an active role in patient care and assume significant
responsibilities for team coordination and clinical decision-making.
However, it is noted that current training programmes lack sufficient
content for the systematic development of leadership skills (5,6).
This shortcoming is of particular importance, as doctors are expected
to manage clinical teams, implement quality improvements, and use
resources effectively. Contrary to expectations, these skills are rarely
taught during specialist training (7,8).

Although efforts to develop clinical leadership training programmes
have increased in recent years, it is evident that there are limited
studies objectively evaluating the impact of these programmes on
learning outcomes (5). To the best of our knowledge, this study is the
first to evaluate the effectiveness of a structured clinical leadership
programme specifically designed for doctors in Tirkiye. This study
aimed to assess postgraduate trainees’ perceptions of clinical
leadership at University of Health Sciences Tiirkiye, Ankara Bilkent
City Hospital and to examine the impact of a clinical leadership
training programme for internal medicine postgraduate trainees on
learning outcomes.

MATERIALS AND METHODS

Study Design and Setting

This study was conducted using a design-based research (DBR)
approach to assess the clinical leadership perceptions of
postgraduate trainees working at University of Health Sciences
Turkiye, Ankara Bilkent City Hospital and to examine the impact of
the clinical leadership training programme developed for internal
medicine postgraduate trainees on learning outcomes (9). DBR is
an iterative methodological framework comprising cycles of needs
analysis, programme development, implementation, and evaluation.
The research was conducted between August 2023 and January
2024.
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During the needs-analysis phase of the study, an online survey was
sent to approximately 1,000 postgraduate trainees at University
of Health Sciences Tiirkiye, Ankara Bilkent City Hospital, and data
were obtained from 442 participants. Among these, 63 internal
medicine postgraduate trainees comprised the training group and
participated in the clinical leadership training programme. The 62
internal medicine residents who did not participate in the training
programme were selected from the same institution to form the
control group (total n = 125). Both groups consisted of internal
medicine residents with similar clinical responsibilities at the same
hospital. Snowball sampling was used.

Training Programme

A 13-hour clinical leadership training programme comprising 12
topics was developed based on the findings of the needs analysis,
a review of the literature, and expert opinions (Table 1). The first
and final sessions of the programme were conducted face-to-face
in the General Hospital Training Hall at University of Health Sciences
Turkiye, Ankara Bilkent City Hospital, while the remaining sessions
were delivered through an online learning system. For each session,
the objectives, learning outcomes, content and duration were clearly
defined. The training was delivered by trainers who are experts in
their field.

Data Collection Tools

Three tools were used for data collection: (1) A demographic
information form (age, gender, marital status, years of residency,
and status regarding management, leadership, or clinical leadership
training); (2) the clinical leadership scale (CLS); and (3) a knowledge
test. The CLS consists of 40 items and five sub-dimensions, covering
the following dimensions: Personal characteristics, working with
others, management of services, improvement of services, and
designing interventions (10).

Knowledge Assessment

Participants were administered a pre-test (14 questions) prior to the
training and a post-test (13 questions) following the training. The
same post-test was also administered to a control group that did not
receive training, and comparisons were made between the groups.
Although the pre-test and post-test are similar in content, they have
different levels of difficulty, because they are not parallel forms.

Sample

The sample size for the study was determined using an a priori
power analysis. For a clinically meaningful absolute difference of
30% in the proportion of correct answers on the knowledge test
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between groups receiving and not receiving the clinical leadership
intervention, the expected effect size was calculated as Cohen’s h =
0.61, corresponding to a large effect. For calculations using G*Power
3.1 software to compare two independent proportions, a minimum
of 42 participants per group was required under two-tailed o = 0.05
and 80% statistical power. Allowing for a potential attrition rate of
30%, the target sample size was set at a minimum of 55 participants
per group (11).

Statistical Analysis

Data were analysed using IBM SPSS Statistics 27 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics are presented as frequency,
percentage, mean and standard deviation. The reliability of the scale
was assessed using Cronbach’s alpha, and sample adequacy was
evaluated using the Kaiser-Meyer-Olkin (KMO) test and Bartlett’s
test of sphericity. The correct response rates in groups with and
without education were compared using the chi-square test. For
each significant chi-square result, the odds ratio (OR) and 95%
confidence interval (Cl) were calculated as measures of effect size.
The risk ratio was also calculated to compare the overall accuracy.
To address multiple comparisons in the parallel chi-square tests
for the 13 questions, a Bonferroni correction was applied, setting
the corrected significance threshold at p < 0.0038 (0.05/13). The
threshold for statistical significance was set at p < 0.05.

Table 1. Clinical leadership training programme topic headings.

Ethics Committee

Ethical approval for the study was obtained from the University
of Health Sciences Turkiye, Ankara Bilkent City Hospital Ethics
Committee no. 2 via decision no: E2-22-2526, dated: 28 September
2022. Informed consent was obtained from all participants prior
to participation. The scales used in the study were employed after
obtaining the necessary permissions for their Turkish adaptations.

RESULTS

Descriptive Statistics

A total of 125 internal medicine trainees were included in the
study. The demographic characteristics and training status of the
participants are presented in Table 2.

The CLS demonstrated excellent internal consistency and sampling
adequacy (Table 3). The overall Cronbach’s alpha coefficient was
0.96, with subscale values ranging from 0.90 to 0.94. The KMO value
was 0.906, and Bartlett’s test of sphericity was statistically significant
(p <0.001), indicating that the data were suitable for factor analysis.

The subscale scores of the CLS are summarised in Table 4. The highest
mean scores were observed in the “managing services” (83.94) and
“working with others” (83.80) domains; the lowest mean score was
observed in the ‘designing interventions’” domain (79.30).

No Topic Presentation format
1 What kind of leader are you? Definition of clinical leadership and types of leadership Face-to-face

2 The need for motivation and mentor support Online

3 Emotional intelligence and working with different personalities Online

4 The importance of a feedback culture in teamwork Online

5 Time management Online

6 Communication skills and a culture of empathy Online

7 Anger management Online

8 The art of public speaking in leadership Online

9 Effective human resource management Online

10 Challenges a clinical leader may face during healthcare delivery Online

11 Pre- and post-graduate training practices in clinical leadership worldwide Online

12 Crisis management and disaster management Face-to-face (closing)

Table 2. Demographic characteristics and previous training status of internal medicine residents.

Variable Category n (%)
Gender Female 76 (60.8)
Male 49 (39.2)
Marital status Single 60 (48.0)
Married 65 (52.0)
Previous training Management training (yes) 7 (5.6)
Leadership training (yes) 5(4.0)
Clinical leadership training (yes) 3(2.4)
Total 125 (100)
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Intergroup Knowledge Test Performance

A comparison of correct answers on the final test between the
trained and untrained groups is presented in Table 5. The trained
group answered 500 out of 819 questions correctly (61.1%), while
the untrained group answered 235 out of 806 questions correctly
(29.2%). Overall, the performance of participants who received
training was 2.09 times higher than that of those who did not receive
training (OR = 3.95; 95% Cl: 3.22-4.85; p < 0.001).

After applying the Bonferroni correction (threshold: p < 0.0038),
the group that received training showed significantly better time-
management performance (53 vs. 6; chi-square = 12.95; p = 0.0003;
OR 18.36; 95% Cl: 7.50-44.94). However, the differences in
motivation strategies (54 vs. 10; chi-square = 7.81; p = 0.0052) and in
anger management (31 vs. 25; p = 0.0493) did not remain statistically
significant. The group that did not receive training performed better
on the question regarding challenges in healthcare leadership (39 vs.

Table 3. Reliability and sampling adequacy of the clinical leadership scale (KMO and Bartlett’s test).

Scale/subscale

Number of items

Cronbach’s alpha

Clinical leadership scale (total) 40 0.96

Personal characteristics subscale 8 0.91

Working with others subscale 8 0.90

Service management subscale 8 0.92

Service improvement subscale 8 0.94

Subscale for the construction of directions 8 0.93

KMO value 0.906

Bartlett’s sphericity test p <0.001

KMO: Kaiser-Meyer-Olkin.

Table 4. Clinical leadership scale subscale scores of internal medicine residents.

Subscale Number of items Mean Score (/100) Standard deviation

Personal traits 8 2.47 82.28 0.58

Working with others 8 2.52 83.80 0.56

Managing services 8 2.52 83.94 0.56

Improving services 8 2.46 82.14 0.56

Setting direction 8 2.38 79.30 0.62

General scale 40 247 82.29 0.58

Table 5. Comparison of correct answers between trained and untrained internal medicine residents.

Question Training Training Chi-square p OR (95% ClI)
group not trained

Motivation strategy 54 10 7.81 0.0052* 9.61 (4.51-20.47)

Emotional intelligence in leadership 39 19 4.12 0.042 2.94 (1.48-5.84)

Leader’s first step in a crisis 55 26 9.03 0.003 3.94 (1.95-7.96)

Leader’s priority during a disaster 54 23 7.12 0.008 3.71(1.83-7.52)

Importance of anger control 31 25 3.87 0.049 1.86 (0.93-3.72)

Improving communication skills 23 11 2.01 0.156 2.44 (1.08-5.49)

Impact of feedback culture 59 21 11.42 0.001 6.08 (2.70-13.67)

The role of rhetoric in leadership 17 8 1.59 0.207 2.40 (0.93-6.20)

Importance of merit-based human resources 33 25 0.89 0.345 1.59(0.79-3.21)

Benefits of postgraduate training 20 5 4.78 0.029 4.67 (1.60-13.64)

Time management strategy 53 6 12.95 0.0003** 18.36 (7.5-44.94)

Leadership style in a crisis 39 17 5.22 0.022 3.23 (1.55-6.74)

Challenges in healthcare leadership 23 39 28.25 <0.0001 0.12 (0.06-0.25)

Total 500/819 (61.1%) 235/806 (29.2%) 166.8 <0.001 OR =3.95 (3.22-4.85)

*: p <0.05 (lost statistical significance after Bonferroni correction; did not meet the p < 0.0038 threshold), **: Remained statistically significant after Bonferroni

correction (p < 0.0038), OR: Odds ratio, Cl: Confidence interval
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23; chi-square = 28.25; p < 0.0001; OR =0.12; 95% Cl: 0.06-0.25). No
statistically significant differences were found between the groups
on questions regarding emotional intelligence and crisis leadership
(Bonferroni-corrected p > 0.05).

DISCUSSION

In this study, internal medicine trainees’ perceptions of clinical
leadership were generally high, with particularly high scores in the
sub-dimensions of “management of services” and “working with
others”, and lower scores in the “designing interventions” sub-
dimension. This finding suggests that trainees play an active role
in team collaboration and service delivery within clinical practice,
but have relatively limited experience in higher-level leadership
skills, such as strategic thinking and setting direction. Significantly
higher correct-response rates among participants who received
clinical leadership training demonstrate the positive impact of
structured training programmes on knowledge and awareness. The
finding that clinical leadership training produces positive outcomes
in junior doctors is consistent with the literature. Blumenthal et al.
(7) comprehensively documented the gap in this area, emphasising
the necessity of systematic leadership development programmes for
junior doctors. Similarly, Sadowski et al. (5), in their systematic review
of leadership interventions in postgraduate medical education,
concluded that structured programmes enhance knowledge and
awareness.

The first component of clinical leadership comprises personal
qualities. In this study, the group that received training performed
better in this dimension. This domain encompasses developing self-
awareness, managing oneself, continuing personal development and
acting with integrity (12). In their study on learning patterns, Santa
and Nurcan (13) emphasised the impact of education on individual
characteristics and noted that education provides awareness and
insight into accepting environmental challenges and developing
application patterns by altering psychological processes.

The second component of clinical leadership is the ability to work
with others, i.e., suitability for teamwork. This study found a
positive and significant relationship between the development
of this dimension and education. Hunt et al. (14) found that
teaching teamwork principles has a positive effect on enhancing
the performance of team members, particularly in situations
that require interdisciplinary communication. Harvey et al. (15)
examined the effect of teamwork on nurses’ performance and
found that providing training in teamwork to nurses improved both
their performance and their attitudes towards teamwork. Effective
leadership requires people to work together to improve services.
Consistent with this view, our study finds a positive relationship
between the development of this competence and education.
Clinical leaders must be effective in promoting communication and
interaction, building and maintaining relationships, and encouraging
teamwork (16).

The third component is the management of healthcare services,
and our study again found a positive relationship between training
and the development of clinical leadership. In their study, Dietz
and Zwick (17) emphasised the role of workforce performance
and service management in training and found that appropriately
training staff can enhance organisational efficiency and produce

additional benefits through increased employee productivity. The
reason for this positive relationship is that effective leadership
requires individuals capable of planning and managing elements
such as data, performance and human resources while prioritising
organisational success as the primary objective (16).

Regarding the fourth component, service improvement, the results
of our study indicate a positive relationship between training and
the development of this dimension of clinical leadership. Clarke et
al. (18) have argued that in service quality improvement training, the
curriculum serves as a valuable professional tool for organisations
and has a significant impact on enhancing the quality of services
provided. In a study by Taghadosi and Hossieni (19), it was noted
that the lack of training—identified as a barrier to improving the
quality of nursing services—could be addressed by implementing
appropriate curriculum adjustments. This finding is consistent with
the critical role of effective clinical leadership in enhancing patient
safety and service quality (16).

Overall, the results of our study indicate a positive and significant
relationship between the development of clinical leadership
competencies and education. Kyriakidou et al. (20) have noted that
participation in leadership training and development programmes
positively influences healthcare professionals’ leadership potential
and clinical leadership characteristics. Gupta et al. (21) emphasised
the widespread need for leadership and management training
to develop clinical leadership skills. The study acknowledges the
necessity of developing training content that aligns with the changing
environment and society’s needs for doctors. Organisations should
support their doctors in developing their leadership skills, as new
challenges may arise in the field of public health and healthcare. This
support should include the allocation of sufficient time and resources
to access education and targeted programmes (21). In their study
on clinical leadership within the nursing curriculum, Brown et al.
(22) noted that awareness of clinical leadership characteristics
in healthcare could be raised among nursing students and other
relevant stakeholders, and that training could be provided on how
to utilise these characteristics. It was emphasised that healthcare
services could be improved by selecting appropriate curriculum
content and implementing effective educational approaches and
strategies (22).

The results of our 13-hour clinical leadership training programme, in
which participants demonstrated higher rates of correct responses,
support the programme’s contribution to learning outcomes.
The scales used encompass the medical leadership competencies
required to meet critical leadership needs in the Turkish healthcare
environment. Our programme provided a targeted, multi-method,
structured approach to developing management and leadership
skills. A study by Lucas et al. (23) reported that leadership
development programmes at medical schools in the US and
Canada cover broad areas, such as leadership, collaboration and
development, communication, guidance and managing change,
business management, group dynamics and self-management.
Similarly, the content of our programme aligns with the framework
recommended for such programmes.

In our study, the correct response rate for participants who received
training was approximately 74% in the pre-test and 61% in the post-
test. However, correct response rates for leadership competencies
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were higher among participants who received training than among
those who did not. This situation may be related to the fact that the
pre-test and post-test were not equivalent in content and level of
difficulty.

We suggest thata 13-hour leadership training programme could serve
as a appropriate starting point for imparting leadership knowledge
and characteristics to healthcare professionals across all major
specialisations. The increase in medical leadership competencies
supports the future implementation of this programme for
leadership training of doctors in Turkiye. Such programmes include
pre- and post-assessment feedback and facilitate high-quality
individual leadership performance within the healthcare sector. Frich
et al’s (6) review of 45 leadership training programmes from 1991
to 2013, reported that these programmes used various teaching
methods and primarily focused on skill development and technical
knowledge, while giving comparatively less attention to individual
awareness and personal development. Furthermore, it was noted
that the programmes primarily targeted junior doctors and middle
managers and that the positive outcomes achieved were largely
based on self-assessments (6). Pradarelli et al. (24) reported that
a leadership training programme developed for surgical specialties
positively impacted participants’ leadership skills, self-awareness,
and teamwork competencies. The use of both theoretical and
experiential learning methods within the programme demonstrated
that it facilitated the development of participants’ knowledge and
skills regarding leadership practices (24).

In a study based in Germany, Saravo et al. (25) conducted a four-
week transformational and transactional leadership programme
(the IMPACT leadership training module) for 57 junior doctors in a
hospital setting and demonstrated that this short-term leadership
training enhanced leadership skills among junior doctors.

In another study, Donaghy et al. (26) demonstrated improvements
in all components examined during the expert trainers’ leadership
programme. It was found that this programme was beneficial not
only to individual trainers but also to organisations (26). Within
this scope, Kelly et al. (27) organised a five-week clinical leadership
programme covering various leadership and management areas at
a university hospital in Ireland. Steinert et als (8) BEME systematic
review (2012) confirms that faculty development initiatives
focusing on leadership development in medical education have a
positive impact on participants’ attitudes, knowledge and skills.
All participants reported that the programme was a positive
learning experience. Furthermore, improvements were reported
in leadership traits, business management and planning, career
progression, and quality improvement. Straus et al. (28) reviewed
the impact of clinical leadership programmes on doctors in academic
health centres. They found that these programmes had modest
effects on key outcomes and recommended that they be rigorously
evaluated (28). Furthermore, they highlighted the potential of
multidisciplinary clinical leadership programmes to strengthen
understanding between working groups and enhance organisational
leadership capabilities (29).

There is no standard approach to integrating clinical leadership
training into pre-graduation education. However, in their study,
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Budakoglu et al. (30) reported that a course on leadership and
teamwork integrated into the medical school curriculum increased
students’ leadership awareness and highlighted the need for
development in this area.

Medical school curricula in Turkiye are believed not to allocate
sufficient space for clinical leadership training. This situation may
cause difficulties for doctors transitioning into leadership roles in
clinical practice. The findings of this study support the necessity
of developing clinical leadership training programmes tailored to
healthcare professionals at different career stages. Furthermore,
delivering such training via digital platforms to enhance accessibility
could help reach a wider audience. This long-term, skill-focused
clinical leadership curriculum could serve as a model or template for
future studies and collaborations.

Study Limitations

This study has certain limitations. First, the study was conducted
at a single centre and included only internal medicine residents,
potentially limiting the generalisability of the findings. The snowball
sampling method may have led to selection bias. Participants were
not randomly assigned to groups (semi-experimental design), which
limits the ability to draw causal inferences. A critical methodological
limitation is that the parallel-form validity of the pre-test and
post-test was not verified and the number of questions differed
(pre-test: 14, post-test: 13). Consequently, intragroup pre- and
post-test comparisons do not allow reliable interpretation. The
primary outcome of the study should be evaluated by intergroup
comparison in the post-test. Furthermore, leadership skills were
assessed by knowledge levels and scale responses rather than by
direct observation of clinical performance. The long-term effects of
the training programme were not assessed. Therefore, evaluating
knowledge retention through follow-up tests at 3 or 6 months
is crucial for determining the sustainability of such educational
interventions.

CONCLUSION

This study demonstrated that clinical leadership training improves
leadership knowledge and awareness among internal medicine
trainees. Participants who received training showed higher rates
of correct responses than those who did not, supporting the
programme’s contribution to learning outcomes. However, the
findings suggest the need for more comprehensive and continuous
training programmes to develop leadership skills across all
dimensions. Integrating clinical leadership training into the medical
curriculum and continuing it at different career stages could
contribute to the development of leadership capacity in healthcare.
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ABSTRACT

Objective: Congenital adrenal hyperplasia due to 21-hydroxylase
deficiency is a common autosomal recessive disorder caused by
pathogenic variants in the CYP21A2 gene. The spectrum of variants
differs significantly among populations because of complex genetic
recombination events involving the neighbouring CYP21A1P
pseudogene. This study aimed to evaluate the variant distribution,
genotype frequencies, and clinical indications in a large Turkish cohort
referred for CYP21A2 genetic analysis.

Methods: A total of 252 pediatric patients who underwent CYP21A2
gene sequencing and multiplex ligation-dependent probe amplification
at a single tertiary center were retrospectively analyzed. Genotype
and allele frequencies of classical point variants, small indels, large
deletions, and pseudogene-derived micro-conversions were calculated
and correlated with clinical referral indications.

Results: Among the 252 patients, 133 (52.8%) were, by both
sequencing and copy number analyses, found to carry no reportable
variants. The most frequent pathogenic variant identified was c.844G>T
p.(Val282Leu), found in the homozygous state in 20 patients (7.9%)
and in 77 alleles in total. Other prevalent, severe variants included
the intron 2 splice- site variant ¢.293-13A/C>G and the pseudogene-
derived p.(GIn319*) variant. Structural rearrangements, including
exon-specific micro-conversions (most notably involving exon 4),
large multi-exon deletions, and complex allele combinations such

6z

Amag: 21-hidroksilaz eksikligine bagh konjenital adrenal hiperplazi,
CYP21A2 genindeki patojenik varyantlarin neden oldugu, sik gorilen
bir otozomal resesif hastaliktir. Mutasyon spektrumu, komsu CYP21A1P
psodogeni ile meydana gelen karmasik genetik rekombinasyon
olaylari nedeniyle populasyonlar arasinda onemli olgiide farklihk
gostermektedir. Bu galisma, CYP21A2 genetik analizi igin yonlendirilen
genis bir Turk kohortundaki varyant dagilimini, genotip frekanslarini ve
klinik endikasyonlari degerlendirmeyi amaglamistir.

Yontemler: Tek bir Giglincli basamak merkezde CYP21A2 gen dizilemesi
ve ¢oklu ligasyon bagiml prob amplifikasyonu uygulanan toplam 252
pediyatrik hasta geriye donuk (retrospektif) olarak analiz edilmistir.
Klasik nokta mutasyonlarinin, kiclk indellerin (insersiyon/delesyon),
blyik delesyonlarin ve psédogen kaynakhi mikro-konversiyonlarin
genotip ve alel frekanslari hesaplanmis ve klinik sevk endikasyonlari
ile iliskilendirilmistir.

Bulgular: Toplam 252 hasta arasinda 133’0 (%52,8) hem dizileme hem
de kopya sayisi analizleri igin raporlanabilir bir varyanta sahip degil
olarak saptanmistir. Tespit edilen en sik patojenik varyant, 20 hastada
(%7,9) homozigot durumda ve toplamda 77 alelde bulunan c.844G>T
p.(Val282Leu) varyanti olmustur. Diger yaygin varyantlar arasinda
intron 2 splicing bolgesi mutasyonu ¢.293-13A/C>G ve psodogen
kaynakl p.(GIn319*) varyanti yer almistir. En belirgin sekilde ekzon
4’0 iceren ekzona 6zgl mikro-konversiyonlar ve blyik ¢oklu ekzon
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ABSTRACT

as CAH-X, were detected in 21 patients (8.3%). Hirsutism, abnormal
menstruation, and precocious puberty were the leading indications
for genetic testing in adolescent cohorts, whereas scrotal/genital
hyperpigmentation and abnormal neonatal screening predominated
in infancy.

Conclusion: The genetic architecture of CYP21A2 in Turkiye is
characterized by a high prevalence of the non-classic ¢.844G>T
p.(Val282Leu) variant alongside a diverse spectrum of severe
pseudogene-mediated conversions and deletions. These findings
underscore the clinical necessity of using parallel sequencing and copy
number detection strategies to achieve accurate molecular diagnosis
and genetic counselling in the Turkish population.

Keywords: Congenital adrenal hyperplasia, CYP21A2 variants,
population genetics, Turkish population

0z

delesyonlari dahil olmak Uzere yapisal diizenlemeler, CAH-X gibi
karmasik alel kombinasyonlari da dahil olmak tizere 21 hastada (%8,3)
tespit edilmistir. Hirsutizm, anormal menstriiasyon (adet dizensizligi)
ve prekoks puberte (erken ergenlik), kohortta ileri yas grubu igin
genetik test icin 6nde gelen endikasyonlar iken; skrotal/genital
hiperpigmentasyon ve anormal yenidogan taramasi st ¢ocuklugu
(infant) doneminde baskin olmustur.

Sonug: Turkiye’deki CYP21A2 genetik yapisi, klasik olmayan ¢.844G>T
p.(Val282Leu) varyantinin yiksek prevalansinin yani sira, siddetli
psodogen aracili konversiyonlar ve delesyonlardan olusan gesitli bir
spektrum ile karakterizedir. Bu bulgular, Turk populasyonunda dogru
molekiler tani ve genetik danismanlik saglamak igin paralel dizileme
ve kopya sayisi tespit stratejilerinin birlikte kullanilmasinin klinik
gerekliligini vurgulamaktadir.

Anahtar Sozciikler: Konjenital adrenal hiperplazi, CYP21A2 varyantlari,
populasyon genetigi, Turk populasyonu

INTRODUCTION

Congenital adrenal hyperplasia (CAH) encompasses a group
of autosomal recessive enzymatic disorders characterized by
impaired steroid hormone biosynthesis in the adrenal cortex.
Over 95% of CAH cases result from 21-hydroxylase deficiency,
which leads to a systemic accumulation of cortisol precursors
(such as 17-hydroxyprogesterone) and a subsequent shift toward
excessive adrenal androgen production (1). Depending on the
residual enzymatic activity, the clinical spectrum ranges from
severe, life-threatening classic forms (salt-wasting and simple
virilizing) manifesting in infancy to milder, non-classic (late-onset)
forms that present during childhood or adolescence with signs of
hyperandrogenism, premature adrenarche, hirsutism, or menstrual
irregularities (2).

The CYP21A2 gene, which encodes the active 21-hydroxylase enzyme,
is located within the highly complex major histocompatibility complex
class Il region on chromosome 6p21.3 (3). It spans approximately
3.4 kb across 10 exons and lies adjacent to a highly homologous,
non-functional pseudogene, CYP21A1P, with which it shares
approximately 98% exonic sequence identity, complicating testing
and analysis. This tandem arrangement and structural homology
predispose the locus to frequent intergenic recombination events.
These include unequal crossing-over leading to large deletions or
duplications (such as the CAH-X chimeric gene fusion with TNXB)
and gene conversion events that transfer deleterious point variants
from the inactive pseudogene to the active CYP21A2 locus (4).

More than 200 pathogenic variants have been described in
CYP21A2, although most disease-causing variants originate from
a limited number of deleterious sequences transferred from the
highly homologous pseudogene CYP21A1P through gene conversion
and unequal recombination events. Large 30-kb deletions account
for approximately 20-30% of classical CAH alleles and are typically
associated with severe loss of 21-hydroxylase activity, although
breakpoint location may occasionally result in milder phenotypes
(5). Most affected individuals are compound heterozygotes carrying
different variants on each allele, with disease severity generally
determined by the less severe variant. In addition, approximately

10% of patients harbor CAH-X syndrome, a contiguous gene deletion
involving both CYP21A2 and TNXB, which combines features of CAH
with connective tissue manifestations such as joint hypermobility,
recurrent dislocations, hernias, and cardiovascular abnormalities (6).

Data regarding the comprehensive spectrum of CYP21A2 alterations
in Turkish populations, particularly in pediatric cohorts, remain
limited. Given the marked genetic heterogeneity of the CYP21A2
locus and the clinical importance of accurate molecular diagnosis,
population-specific data are essential for improving diagnostic
strategies. Therefore, this study aimed to characterize the
distribution of disease-causing CYP21A2 variants and structural
rearrangements in a large referral cohort of 252 pediatric subjects
evaluated at a tertiary medical genetics center in Tirkiye, and
to assess the additional diagnostic value of multiplex ligation-
dependent probe amplification (MLPA) used alongside conventional
Sanger sequencing. Characterization of the variational landscape
in such large clinical series may contribute to the optimization of
molecular diagnostic algorithms and future screening approaches.

MATERIALS AND METHODS

Study Population

This retrospective cohort study evaluated 252 pediatric patients who
underwent molecular genetic screening for suspected 21-hydroxylase
deficiency before the age of 18 (when the testing procedure was
implemented) at the Medical Genetics Laboratory of University of
Health Sciences Tuirkiye, Ankara Etlik City Hospital between 2022
and 2026. Patients were referred for a wide range of indications,
including premature adrenarche or pubarche, precocious puberty,
hirsutism, severe acne, polycystic ovary syndrome (PCOS) refractory
to standard management, ambiguous genitalia, scrotal or labial
hyperpigmentation, unexplained neonatal adrenal insufficiency,
and positive or borderline neonatal screening results. Patients
were divided into seven categories based on these symptoms:
Definitive clinical diagnosis; disorders of sexual development’
(ambiguous genitalia, scrotal/labial hyperpigmentation); puberty-
related problems (menstrual problems, premature adrenarche or
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pubarche, precocious puberty, hirsutism, severe acne, PCOS, short
stature); fertility problems; abnormal screening tests; adrenal
insufficiency; and family history. Ethics committee approval for the
study was received from the Scientific Research Evaluation and
Ethics Committee of University of Health Sciences Tirkiye, Ankara
Etlik City Hospital (approval number: AESH-BADEK1 2026-434/date:
06.05.2026). Informed consent forms for publication were obtained
from the adult patients and from the legal guardians of the pediatric
patients.

Genetic Analysis

Genomic DNA was isolated from peripheral blood samples using
standard protocols. Following amplification, the 10 coding exons and
flanking intronic regions were sequenced using automated Sanger
sequencing (Seqgline-EYS Medikal, istanbul, Tiirkiye/ABI 3500xI DNA
Analyzer). Sequence annotations were completed relative to the
reference sequence NM_000500.5. To complement sequencing and
systematically evaluate copy-number variations, large deletions,
duplications, and gene conversions, MLPA was performed using
the SALSA MLPA P050 kit (MRC Holland, Amsterdam, Netherlands).
Detected variations were curated and classified according to the joint
consensus guidelines of the American College of Medical Genetics
and Genomics (7). Patients with biallelic compound variants and
complex rearrangements, for whom parental Sanger sequencing
and MLPA analyses could not confirm that the variants were in
trans or were causative, were excluded from the study. Conversions
were reported only if the findings were consistent across Sanger
sequencing and MLPA analysis and if the results of the two tests
correlated.

Statistical Analysis

Descriptive statistics were applied to summarize demographic
features, genotype frequencies, and allele occurrences. Quantitative
metrics are expressed as means and interquartile ranges, whereas
categorical parameters are presented as absolute counts and
percentages. This study focused mainly on genetic frequency
profiles, excluding biochemical and clinical parameters. Cumulative
variant prevalence was evaluated using reference genomic data
sourced from three primary repositories: The Turkish Genome
Project (TGP, v3.1; accession: June 2026), the Turkish Variome on the
Franklin Genoox platform (accession: June 2026), and the Genome
Aggregation Database (gnomAD v4.1.1; accession: June 2026).

RESULTS

Demographic and Clinical Characteristics

The study comprised 252 individuals aged 0 months (neonates) to
18 years. The sex distribution showed a female predominance: 150
females (59.5%) versus 102 males (40.5%), reflecting the broader
clinical presentation of non-classic phenotypes during adolescence
and young adulthood. The median age was 7.9 years (interquartile
range, 0-13 years). Clinical referral indications varied markedly by
age group: adolescent female patients presented primarily with
hirsutism, abnormal menstruation, acne, or PCOS, whereas pediatric
patients presented with precocious puberty, premature pubarche/
adrenarche, or short stature. Infants and neonates presented with
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scrotal or labial hyperpigmentation, ambiguous genitalia, clinical
adrenal crisis, or abnormal neonatal dried-blood spot screening
tests.

Regarding referral indications, an abnormal screening test was the
primary reason for clinical admission, accounting for 23.8% (n = 60)
of the cohort and substantially contributing to the high proportion
of infant evaluations. Among adolescent and adult presentations,
hyperandrogenism-related symptoms predominated; hirsutism
was documented in 17% (n = 43) of all patients, and menstrual
irregularities (abnormal menstruation) were reported in 12.7%
(n = 32). A preliminary clinical diagnosis of CAH, requested by the
referring physicians and based on consistent clinical and biochemical
findings, was the indication in 13.2% (n = 34) of cases. Other less
frequent referral pathways included a positive family history, PCOS
phenotypes, isolated short stature, and overt adrenal insufficiency
(Supplementary Material).

Genetic Findings

The analysis revealed a broad spectrum of molecular variants;
however, no diagnostic pathogenic or likely pathogenic alterations
were detected in a significant proportion of patients (n = 133,
52.8%). Among the molecularly confirmed cases, the most prevalent
point variant was the c.844G>T p.(Val282Leu), detected in 77 alleles
and accounting for a cohort allele frequency of 0.152. This variant
was observed in both homozygous and heterozygous states (isolated
or compound) across various clinical indications. Other frequently
observed pathogenic variants included the intron 2 splice-site
variant ¢.293-13A/C>G (n = 25, allele frequency: 0.049) and the
missense variant ¢.1360C>T p.(Pro454Ser) (n = 13, allele frequency:
0.025). Notably, severe classical variants were identified in patients
exhibiting classical CAH phenotypes: The nonsense variant c.955C>T
p.(GIn319*) was found in 11 alleles (allele frequency: 0.021), while
the missense alterations ¢.392G>A p.(Gly131Asp) (n = 8, allele
frequency:0.015) and c.518T>A p.(lle173Asn) (n =5, allele frequency:
0.009) were well represented in the classical presentation subgroup.
In 43 patients, only one disease-causing variant was detected. In
addition to pathogenic or likely pathogenic variants, 4 variants of
unknown significance that were thought to be causative (as a result
of phasing, biochemical profile, etc.) were reported.

Beyond single nucleotide variants, MLPA analysis identified complex
structural rearrangements and copy number variations in 21
individuals. These included heterozygous or homozygous micro-
conversions of exon 4, exon 4-8 and exon 4-9 micro-conversions,
and various multi-exon deletions (e.g., deletion of exons 1-3).
Heterozygous or homozygous micro-conversions in exon 4 were
identified in 12 alleles, corresponding to a cohort frequency of 0.023.
Complete gene deletions, large homozygous deletions characterizing
the CAH-X syndrome, and total gene conversion events were also
identified in a small subset of subjects (Supplementary Material).

DISCUSSION

This study provides a comprehensive overview of CYP21A2 sequence
variants and structural rearrangements in a Turkish pediatric referral
cohort. The findings demonstrate genetic heterogeneity and confirm
the importance of using complementary molecular techniques for
accurate diagnosis.
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The predominance of p.(Val282Leu) observed in this cohort is
consistent with its recognized status as one of the most common
CYP21A2 variants associated with milder or non-classical
forms of CAH. The frequent detection of this variant among
individuals presenting with hirsutism, menstrual irregularities,
and hyperandrogenic symptoms highlights its clinical relevance in
endocrine referral populations. This variant has traditionally been
associated with the non-classical form of CAH and is known to
retain partial 21-hydroxylase activity, providing a biochemical basis
for delayed diagnosis. This finding was consistently observed in our
cohort, where carriers of this variant predominantly presented with
milder, later-onset clinical manifestations. Consequently, as shown
in Table 1, this variant exhibits a considerably higher frequency in
population genomic databases compared with most other disease-
causing CYP21A2 alleles. Consistent with its relatively high carrier
frequency, homozygosity for this variant was also observed in a
substantial proportion of affected individuals within our cohort.

The recurrent identification of ¢.293-13A/C>G, p.(GIn319%),
p.(Pro454Ser) further highlights the strong predominance of well-
established pathogenic CYP21A2 variants within our cohort. Overall,
our findings demonstrate a clear dominance of a limited set of

approximately ten classical pathogenic variants that have been
repeatedly reported in previous studies and are known to account
for a substantial proportion of disease alleles in CAH populations
(8). These variants have been consistently associated with markedly
reduced enzymatic activity and are typically enriched among
patients with classical forms of CAH.

In addition to this well-defined variant spectrum, we identified
several rare variants that are currently classified as variants of
uncertain significance according to ACMG criteria and may represent
population-specific alleles or reflect enrichment in the Turkish
cohort, such as ¢.865C>T p.(Leu289Phe), ¢.1352C>T p.(Thrd51Met),
c.86A>C p.(His29Pro). To date, there is limited large-scale clinical
or functional evidence regarding the pathogenicity and genotype-
phenotype correlations of these variants, and they are either absent
from or only sparsely represented in genome databases (Table
1). Therefore, further investigation in larger, well-characterized
cohorts, ideally supported by functional studies, will be essential
to clarify their clinical relevance and refine genotype-phenotype
interpretation in CAH.

Compared with neighbouring countries, the variant spectrum
appears to resemble that of western neighbours more closely

Table 1. Allele frequencies of identified CYP21A2 variants compared with reference datasets.

Variant (NM_000500.5) Allele count (total  Cohort allele TGP frequency TV frequency gnomAD frequency
n=504) frequency
c.844G>T 77 0.152 0.018/14* - 0.005515/2*
p.(Val282Leu)
€.293-13A/C>G 25 0.049 0.0029 - 0.002420/7*
¢.1360C>T p.(Pro454Ser) 13 0.025 0.0059/2* - 0.006282/3*
¢.955C>T p.(GIn319%) 11 0.021 0.012 - 0.0008961
¢.392G>A p.(Gly131Asp) 8 0.015 0.000097 - 0
¢.518T>A p.(lle173Asn) 5 0.009 0.00058 - 0.0005579/3*
¢.1447C>T p.(Pro483Ser) 5 0.009 0.0026 0.0022 0.0004815/20*
¢.92C>T p.(Pro31Leu) 4 0.0079 0.00049 - 0.0001412/2*
c.961G>A p.(Glu321Lys) 2 0.0039 - - -
¢.1069C>T p.(Arg357Trp) 5 0.009 0.000097 - 0.00003537
¢.1019G>A p.(Arg340His) 2 0.0039 0.00068 0.001537 0.000009918
¢.850A>G p.(Met284Val) 2 0.0039 0.000097 - 0.00004836
¢.865C>T p.(Leu289Phe) 2 0.0039 0.000097 - 0.000009921
¢.1352C>T p.(Thr451Met) 1 0.0019 - - 0.00004909
¢.397C>T p.(Arg133Cys) 1 0.0019 0.000097 0.000377 0.00006701/1*
¢.86A>C p.(His29Pro) 1 0.0019 - - 0.00000062
c.1174G>A p.(Ala392Thr) 1 0.0019 0.00078 - 0.007159
c.188A>T p.(His63Leu) 1 0.0019 0.000097 - 0.02901

*: Number of homozygous individuals. Structural changes were excluded, TGP: Turkish Genome Project, TV: Turkish Variome.
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than that of eastern neighbours. Total sample sizes vary across
studies, which may influence these observations. Moreover, when
reports from geographically similar populations in the literature
are collectively evaluated, a consistent theme is the presence of a
distinct, country-specific genetic landscape, underscoring the unique
population-specific structure of each cohort (9,10).

Overall, the detection rate of biallelic pathogenic variants was
significantly higher in both the clinically compatible diagnosis
group and the puberty-related disorders group, with a cumulative
detection rate of 36.8% (35/95). In contrast, the molecular diagnostic
yield was substantially lower in groups presenting with isolated
menstrual problems or hirsutism and in those referred because
of suspicious screening test results, with detection rates of 16.4%
(11/67) and 3.3% (2/60), respectively. Among molecularly confirmed
cases, monoallelic heterozygous variants were detected in 17.1%
of patients, whereas biallelic alterations—comprising homozygous
(16.7%) and compound heterozygous (13.5%) genotypes—
comprised the remainder of the cohort (Table 2).

CAH is included in the neonatal screening program in Tirkiye,
and, correspondingly, an abnormal screening result constitutes
a substantial proportion of the indication criteria for inclusion in
our cohort (23.8%, n = 60). Additionally, the higher frequency of
females in the cohort may be attributed to shunting of accumulated
biochemical materials toward androgen production in cases of
21-hydroxylase deficiency. This leads to more frequent and more
pronounced clinical presentations in females and naturally drives
these individuals to seek medical attention.

Table 2. Cumulative distribution of CYP21A2 genotypes according to
their zygosity in the cohort.

Genotype (Sanger sequence/MLPA) Number of  Percentage

patients (n) (%)

Wild-type (no pathogenic variant 133 52.8
detected)

Monoallelic genotype [heterozygous 43 17.1
only]

Biallelic genotype [homozygous] 42 16.7
Biallelic genotype [compound 34 13.5
heterozygous]

Total 252 100

MLPA: Multiplex ligation-dependent probe amplification.

Study Limitations

This study has several limitations. First, because this study was
a retrospective evaluation conducted at a single tertiary referral
center, the cohort may be subject to referral bias and may not fully
reflect the general Turkish population. The highly complex genetic
architecture of this region, particularly the presence of pathogenic
variants involving structural rearrangements, may not always
be adequately detected by Sanger sequencing combined with
MLPA analysis. In this context, long-read sequencing approaches
are likely to provide additional clinical benefit. Additionally,
variants considered to have no clear clinical impact—such as gene
duplications, exon duplications, or combinations like p.GIn319* with
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heterozygous total duplication—which are frequently encountered
in analysis were not included in the frequency analyses, as the study
was primarily focused on clinically oriented pathogenic variants (5).
Because national genomic databases included a limited number of
alleles at the time of this analysis, larger multicenter studies are
required to establish definitive nationwide carrier frequencies for
rare and non-classical structural variants.

CONCLUSION

The CYP21A2 variant landscape in Turkiye is characterized by a
high prevalence of the non-classic c.844G>T p.(Val282Leu) variant
and a diverse spectrum of severe pseudogene-mediated micro-
conversions and macro-deletions. These findings emphasize the
clinical importance of combining sequence analysis with copy
number methodologies to ensure accurate molecular diagnosis,
optimize clinical management, and guide genetic counseling for
affected families.
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ABSTRACT

Objective: The submandibular gland is routinely removed during level
Ib neck dissection for head and neck cancer. This study evaluated the
feasibility of gland preservation in appropriate patients considering
oncological risks.

Methods: This retrospective study evaluated 175 patients with head
and neck cancer who underwent neck dissection including Level Ib
between 2015 and 2024. Level Ib nodal status was assessed in all
patients, whereas submandibular gland involvement was evaluated in
patients with at least one excised gland (n = 165). Overall survival (OS)
and recurrence-free survival (RFS) were compared between gland-
sparing and non-gland-sparing surgery in the oral cavity squamous cell
carcinoma (SCC) cohort (n = 125) using the Kaplan-Meier method and
log-rank test.

Results: The predominant histopathological type was SCC (89.1%),
and the oral cavity was the most common tumor site (72.0%).
Submandibular gland involvement was observed in 1 of 165 patients
(0.6%). In the oral cavity SCC cohort, no statistically significant
differences were found in OS (p = 0.288) or RFS (p = 0.936) between
gland-sparing surgery (n = 12) and non-gland-sparing surgery (n = 113).

Conclusion: Submandibular gland involvement is rare, and gland-
sparing surgery may be viable in carefully selected oral cavity SCC
patients. Larger studies are required to clarify oncological reliability

Oz

Amag: Submandibular bez, bas ve boyun kanserlerinde Level
Ib boyun diseksiyonu sirasinda rutin olarak c¢ikariimaktadir. Bu
galismada, onkolojik riskler goéz o©nlnde bulundurularak uygun
hastalarda submandibular bezin korunmasinin uygulanabilirliginin
degerlendirilmesi amaglandi.

Yontemler: Bu retrospektif ¢alismada, 2015-2024 yillari arasinda
Level Ib’yi iceren boyun diseksiyonu uygulanan bas ve boyun kanserli
175 hasta degerlendirildi. Tim hastalarda Level Ib lenf nodlarinin
durumu degerlendirildi; submandibular bez tutulumu ise en az bir
submandibular bezi eksize edilen hastalarda (n = 165) incelendi.
Glandiler koruyucu ve bez koruyucu olmayan cerrahi uygulanan
hastalar arasindaki genel sagkalim (OS) ve niikssiiz sagkalim (RFS), oral
kavite skuamoz hicreli karsinom (SCC) kohortunda (n = 125) Kaplan-
Meier yontemi ve log-rank testi kullanilarak karsilastirildi.

Bulgular: En sik gorilen histopatolojik tip SCC (%89,1) olup, en
yaygin timor lokalizasyonu oral kaviteydi (%72,0). Submandibular
bez tutulumu 165 hastanin 1’inde (%0,6) saptandi. Oral kavite SCC
kohortunda, bez koruyucu cerrahi (n = 12) ile glandiler koruyucu
olmayan cerrahi (n = 113) arasinda OS (p = 0,288) veya RFS (p = 0,936)
acisindan istatistiksel olarak anlamli fark saptanmadi.

Sonug: Submandibular bez tutulumu nadirdir ve dikkatle segilmis oral
kavite SCC hastalarinda submandibular bezin korunmasina yonelik
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ABSTRACT

and functional benefits and support patient selection criteria for
preservation.

Keywords: Head and neck neoplasms, submandibular gland, neck
dissection, squamous cell carcinoma of head and neck, mouth
neoplasms, lymphatic metastasis

0z

cerrahi uygulanabilir bir secenek olabilir. Onkolojik glvenilirligi ve
fonksiyonel yararlari daha net ortaya koymak ve bez koruma igin hasta
sec¢im kriterlerini belirlemek amaciyla daha genis kapsamli ¢alismalara
ihtiyag vardir.

Anahtar Sozciikler: Bas ve boyun neoplazmlari, submandibular bez,
boyun diseksiyonu, bas ve boyun skuaméz hicreli karsinomu, agiz
neoplazmlari, lenfatik metastaz

INTRODUCTION

Neck dissection is a major component of the treatment of head
and neck cancers. Since the definition of radical neck dissection by
Crile (1), many changes have occurred in neck dissections, such as
modified radical neck dissection and selective neck dissections (1-3).

Most head and neck cancers carry at least an intermediate risk of
cervical metastasis (4). Neck metastasis can be diagnosed through
physical examination or imaging techniques. The prognosis of head
and neck cancers is directly related to neck involvement (5-7). In
general, a risk of occult metastasis greater than 20% is considered
an indication for elective neck dissection (8). Selective or functional
neck dissection, rather than comprehensive neck dissection
(modified radical or radical neck dissection), is more appropriate for
elective neck dissection (9-11).

Standard level Ib dissection, including the excision of the
submandibular gland (SMG) with the surrounding lymph nodes and
adipose tissue, is part of elective or comprehensive neck dissections
(9,12). Submandibular glands do not contain intraparenchymal lymph
nodes, unlike the parotid gland, which includes an average of 10 to
20 intraglandular lymph nodes (13). This raises the question: “Is it
feasible to perform level Ib neck dissection while preserving the SMG
in selected cases without compromising oncological outcomes?”

The SMG is one of the major salivary glands responsible for salivary
function. Removal of a single SMG usually does not cause clinically
significant xerostomia. However, bilateral dissection or adjuvant
radiotherapy may increase the risk of this complication (14). In
addition, there is a low risk of hypoglossal and lingual nerve paralysis
complications after SMG excision (15).

Therefore, in this study, we aimed to evaluate SMG involvement in
routine histopathological analyses of neck dissection specimens
obtained from patients with head and neck cancers. In addition,
oncological outcomes were compared between gland-sparing and
non-gland-sparing surgery in the oral cavity squamous cell carcinoma
(SCC) cohort, in which gland-sparing procedures were performed.

MATERIALS AND METHODS

This study was a retrospective analysis of patients who underwent
neck dissection, including level Ib, for head and neck cancer at a
single tertiary referral center between January 1, 2015, and January
1, 2024. All patients were evaluated by a surgical team consisting of
otolaryngology specialists, and surgery was performed by a senior
head and neck surgeon.

The exclusion criteria were as follows:

1. Patients who had previously been treated at our center or another
institution and had developed SCC recurrence,

2. Patients with incomplete clinical data,

3. Cases in which primary treatment was administered using a non-
surgical method.

A total of 175 patients who underwent neck dissection including level
Ib were included, and level Ib nodal status was assessed in all cases.
SMG involvement could be evaluated in patients in whom at least
one SMG was excised (n = 165); the remaining 10 patients had no
SMG submitted for histopathologic assessment because of bilateral
gland preservation. Survival analyses, including overall survival (OS)
and recurrence-free survival (RFS), were restricted to the oral cavity
SCC cohort (n = 125) to minimize heterogeneity related to tumor site
and histopathology.

The study was conducted in accordance with the Declaration of
Helsinki and was approved by the Institutional Ethics Committee of
Gazi University (approval no: 2026-13; date: 13/01/2026). Due to the
retrospective design, informed consent was waived in accordance
with institutional regulations.

All patients who presented with various symptoms and were
diagnosed with head and neck cancer based on imaging and biopsy
results were clinically evaluated. The local and/or regional spread
of the tumors was assessed through detailed physical examination
and necessary radiological imaging methods [computed tomography
(CT), magnetic resonance imaging (MRI), positron emission
tomography (PET) etc.]. After diagnosis and preoperative staging,
all cases were discussed at a multidisciplinary oncology council
meeting. In accordance with the council’s decisions, surgical excision
was performed in all patients deemed appropriate.

All patients were staged using the American Joint Committee on
Cancer staging system (8" edition) based on clinical, radiological,
and pathological data obtained during the preoperative and
postoperative periods (16).

Based on the pathology data obtained after surgery, patients were
classified according to the histopathological data and anatomical
locations of head and neck cancer. Level Ib involvement was assessed in
all patients (n = 175). Histopathological SMG involvement was assessed
in patients with at least one excised SMG specimen (n = 165).

Patients who underwent submandibular gland-sparing surgery
(n = 15) were identified based on the following characteristics at the
time of their original procedure:

e Patients who were evaluated preoperatively with imaging and
clinically as NO,

e Patients who underwent elective neck dissection,

e Patients who underwent bilateral neck dissection with SMG
preservation performed on the elective clinically NO side.
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Among these patients, 12 had oral cavity SCC and were included
in the survival analyses comparing gland-sparing and non-gland-
sparing surgery.

In bilateral neck dissections, SMG preservation was performed only
on the elective clinically NO side; however, contralateral therapeutic
SMG excision was performed in 5 of these patients.

The preoperative appearance of the lower lip in a patient with lower
lip SCC who underwent submandibular gland-sparing surgery (Figure
1), along with the intraoperative views of the Level Ib dissection
before (Figure 2) and after dissection (Figure 3), are presented.

Statistical Analysis

Statistical analyses were performed using SPSS software (IBM SPSS
Statistics 27). Descriptive statistics included continuous variables
as mean + standard deviation or median (minimum-maximum) and
categorical variables as number and percentage (%). Pearson’s chi-
square test was used to evaluate relationships between categorical
variables in intergroup comparisons. When expected cell counts
were <5, Fisher’s exact test was used. Some categorical variables
were grouped and recoded prior to significance analyses; for
example, anatomical tumor subtypes were divided into three
main groups: Oral cavity, salivary gland, and others. The Kaplan-
Meier method was used for survival analyses, and the log-rank
test was used to compare differences between groups. Survival
analyses were performed in the oral cavity SCC cohort (n = 125),
comparing patients who underwent submandibular gland-sparing
surgery (n = 12) with those who underwent non-gland-sparing
surgery (n = 113). The clinicopathological characteristics of the
gland-sparing and non—gland-sparing groups within the oral cavity
SCC cohort were summarized descriptively. No formal between-
group hypothesis testing was performed for these characteristics
because of the small and markedly unequal group sizes. Follow-up
duration was defined as the interval from surgery to death or the
last documented clinical contact. Median follow-up was estimated
using the reverse Kaplan-Meier method. OS was calculated from
the date of surgery to death from any cause, with surviving patients
censored at the last documented follow-up. RFS was defined as the

Figure 1. Preoperative appearance of lower lip squamous cell carcinoma
in a patient who underwent submandibular gland-sparing Level Ib neck
dissection (gland-sparing case).
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interval from the date of surgery to the first documented local,
regional, or distant recurrence. Patients who remained recurrence-
free were censored at the last documented follow-up, whereas
patients who died without a documented recurrence were
censored at the date of death.

RESULTS

The general characteristics of the patients who underwent neck
dissection are summarized in Table 1. A total of 175 patients were
included in this study. Of the 175 patients, the SMG was available
for evaluation in 165; direct gland involvement was identified in
1/165 (0.6%). The predominant histology was SCC (n = 156, 89.1%).
The mean age of the patients was 65.8 + 13.8 years (range, 18-94
years). Fifty-eight percent of the patients were male (n = 102) and
42% were female (n = 73). Histopathological examination after
surgery revealed that SCC was the most common type (89.1%). This
was followed by mucoepidermoid carcinoma (3.4%), adenoid cystic
carcinoma (1.7%), and other types (5.7%) of salivary gland cancer. In
terms of anatomical localization, the most common tumor location
was the oral cavity (72.0%). This was followed by laryngeal (9.1%),
salivary gland (7.4%), neck skin (4.0%), maxillary and paranasal sinus
(3.4%), oropharyngeal, nasopharyngeal, and SCC cases of unknown
primary origin.

When patients were examined in terms of staging:

® pT4 was the most common stage among the 175 patients, observed
in 47 cases (26.9%) in this group. pT4 is followed by pT1 (n = 43,
24.6%), pT2 (n = 42, 24%), pT3 (n = 34, 19.4%), and pTX (n = 9, 5.1%)
stages. In patients classified as pTX, the size or degree of invasion of
the primary tumor was not determined.

Figure 2. Intraoperative view before Level I|b dissection in the
submandibular gland-sparing approach (same patient as Figure 1).
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e When evaluated in terms of pN stage, most patients were in the
pNO stage, with this group being the largest subgroup, comprising
98 patients (56%). The distributions of the other nodal stages were
as follows: pN3 (n = 31, 17.7%), pN2 (n = 24, 13.7%), pN1 (n = 19,
10.9%), and pNX (n = 3, 1.7%). The pNX stage refers to patients
whose regional lymph node status could not be assessed.

Therapeutic neck dissection was performed in 62.3% of the patients,
whereas elective neck dissection was performed in 37.7%. The
seemingly high frequency of therapeutic neck dissection in our
cohort is due to cases with clinically and radiologically suspicious or
positive lymph nodes on preoperative imaging (CT/MRI/PET) being
classified as therapeutic; nevertheless, some of these cases were
ultimately found to be pNO on final histopathological examination.

When the postoperative pathology reports of the patients were
examined, Level Ib involvement was detected in 34 patients (19.4%),
whereas no involvement was detected in 141 patients (80.6%).
SMG involvement was observed in only one patient (0.6%) who
had undergone surgery for lower lip SCC. In this patient, metastatic
disease was observed in the ipsilateral level Ib, with involvement
of the SMG likely resulting from direct extension of the metastatic
lymph node. Submandibular gland-sparing surgery was performed
in 15 patients (8.6%). The pathological evaluation demonstrating
SMG invasion is presented in Figure 4.

The distribution of patients with level Ib lesions according to
anatomical localization is shown in Table 2. Level |b involvement
showed significant differences according to the anatomical
localization of the tumor (p = 0.005). The rate of level Ib involvement
is higher, especially in tumors originating from the salivary glands
and oral cavity.

Table 3 presents level Ib involvement according to oral cavity

subsites. Due to limited sample sizes in certain subsites, these areas
were combined for analysis. No statistically significant differences in

Figure 3. Intraoperative view after completion of Level Ib dissection with
preservation of the submandibular gland (same patient as Figure 1).

level Ib involvement were detected among the oral cavity subsites
(p = 0.112). However, higher rates of level Ib involvement were
observed in the buccal plus retromolar subgroup (37.5%) and the
combined alveolar/mandible, hard palate, and floor of mouth
subgroup (30.0%), although these differences did not achieve
statistical significance.

Table 4 presents the main clinicopathological characteristics of the
oral cavity SCC cohort according to SMG preservation status. The
mean age was 62.2 + 11.0 years in the gland-sparing group and
67.0 + 13.1 years in the non-gland-sparing group. Tongue tumors
were the most frequent subsite in both groups, accounting for
33.3% and 39.8% of cases, respectively. In the gland-sparing group,
7 of 12 patients (58.3%) had pT1-pT2 disease, 4 (33.3%) had pT4
disease, and 9 (75.0%) were pNO on final pathological staging. The
corresponding proportions in the non-gland-sparing group were
61.1%, 18.6%, and 62.8%, respectively. These characteristics are
presented descriptively to illustrate the composition of the two
clinically selected groups.

a %

Figure 4. Pathological specimen image demonstrating submandibular
gland involvement (non-gland-sparing case).

a) Low-power histological section demonstrating squamous cell carcinoma
infiltrating the submandibular gland parenchyma (H&E, x13). The boxed
area indicates the region shown at a higher magnification. b) High-power
view of the highlighted area showing infiltrating nests and cords of
squamous cell carcinoma (arrow) within the submandibular gland stroma
(H&E, x140).

H&E: Hematoxylin and eosin.

527



Gazi Med J 2026;37(4):524-532

Akalin et al. Submandibular Gland Involvement in Head and Neck Cancers

Table 1. General characteristics of patients who underwent neck dissection.

Variable (n=175) n Percentage (%) Mean + SD/min-max
Age 65.8 +13.8
18-94
Gender
Male 102 58
Female 73 42

Histopathologic subtype of tumor

ScC 156 89.1
Mucoepidermoid carcinoma 6 3.4
Adenoid cystic carcinoma 3 1.7
Others 10 5.7
Anatomical subtype of head and neck cancer

Oral cavity 126 72
Oropharynx 3 1.7
Larynx 16 9.1
Salivary gland 13 7.4
Nasopharynx 2 1.1
Maxilla and paranasal sinus 6 3.4
Unknown primary SCC 2 1.1
Skin cancer of the head and neck 7 4.0
Type of neck dissection

Elective 66 37.7
Therapeutic 109 62.3
Level Ib involvement

Present 34 19.4
Absent 141 80.6
Submandibular gland involvement (n = 165)

Present 1 0.6
Absent 164 99.4
Submandibular gland-sparing surgery

Present 15 8.6
Absent 160 91.4
pT stage

pT1l 43 24.6
pT2 42 24
pT3 34 19.4
pT4 47 26.9
pTX 9 5.1
pN stage

pNO 98 56
pN1 19 10.9
pN2 24 13.7
pN3 31 17.7
pNX 3 1.7

SCC: Squamous cell carcinoma.
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Table 2. Distribution of patients with level Ib lesions according to anatomical localization.

Tumor location Level Ib involvement Level Ib involvement Total (n, %) Pearson chi-square  df p-value
present (n, %) absent (n, %) (x»)
Oral cavity (group 1) 26 (20.6%) 126 (72.0%)
Salivary gland (group 6 (46.2%) 13 (7.4%)
2)
Other sites (group 3) 2 (5.6%) 36 (20.6%)
Total 34 (19.4%) 175 (100%) 10.475 2 0.005
Table 3. Level Ib involvement according to oral cavity subsites.
Oral cavity subsite Level Ib involvement  Level Ib Total n (%) Pearson chi- df p-value
present n (%) involvement absent square (y?)
n (%)

Lip 8(19.5) 33(80.5) 41 (32.5%)
Tongue 6(12.2) 43 (87.8) 49 (38.9%)
Alveolar/mandible + hard palate + 6 (30.0) 14 (70.0) 20 (15.9%)
floor of mouth
Buccal + retromolar 6 (37.5) 10 (62.5) 16 (12.7%)
Total 26 (20.6) 100 (79.4) 126 (100%) 5.988 3 0112
Table 4. Clinicopathological characteristics of the oral cavity SCC cohort according to submandibular gland preservation status.
Characteristic Non-gland-sparing Gland-sparing Total

(n=113) (n=12) (n=125)
Age, years, mean = SD 67.0+13.1 62.2+11.0 66.5+13.0
Sex
Male 58 (51.3) 8 (66.7) 66 (52.8)
Female 55 (48.7) 4(33.3) 59 (47.2)
Tumor subsite
Lip 38(33.6) 3(25.0) 41 (32.8)
Tongue 45 (39.8) 4(33.3) 49 (39.2)
Alveolar/mandible + hard palate + floor of mouth 17 (15.0) 2 (16.7) 19 (15.2)
Buccal + retromolar 13 (11.5) 3(25.0) 16 (12.8)
pT stage
pT1 38(33.6) 3(25.0) 41(32.8)
pT2 31(27.4) 4(33.3) 35 (28.0)
pT3 20 (17.7) 1(8.3) 21 (16.8)
pT4 21 (18.6) 4(33.3) 25 (20.0)
pTX 3(2.7) 0(0.0) 3(2.4)
pN stage
pNO 71 (62.8) 9 (75.0) 80 (64.0)
pN1 13 (11.5) 1(8.3) 14 (11.2)
pN2 12 (10.6) 1(8.3) 13 (10.4)
pN3 17 (15.0) 1(8.3) 18 (14.4)

SCC: Squamous cell carcinoma.
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Tables 5 and 6 present the effects of submandibular gland-sparing
surgery on OS and RFS in the oral cavity SCC cohort. Because gland-
sparing procedures were performed in selected oral cavity SCC
cases, survival analyses were restricted to this subgroup to minimize
heterogeneity related to tumor site and histopathology.

The median follow-up duration for the oral cavity SCC survival cohort
was 74.0 months (observed range, 1-116 months), as estimated
using the reverse Kaplan-Meier method.

The effect of submandibular gland-sparing surgery on OS is shown in
Table 5. In the oral cavity SCC cohort, 12 patients underwent gland-
sparing surgery, whereas 113 patients underwent non-gland-sparing
surgery. Kaplan-Meier log-rank analysis showed no statistically
significant difference in OS between the gland-sparing and non-
gland-sparing groups (mean OS: 88.6 * 7.1 vs. 84.8 + 4.4 months,
respectively; log-rank y* = 1.128, p = 0.288).

The effect of submandibular gland-sparing surgery on RFS is shown
in Table 6. No statistically significant difference in RFS was observed
between the gland-sparing and non-gland-sparing groups (mean
RFS: 74.2 + 10.9 vs. 94.4 £ 4.2 months, respectively; log-rank x? =
0.006, p = 0.936).

DISCUSSION

A review of the literature revealed that SMG involvement in head
and neck cancers occurs at a notably low rate. In the absence of risk
factors, submandibular gland-preserving surgery can be considered
within the framework of oncologically safe. In our study, the
detection of SMG involvement in only one patient out of a sample of
165 supports the existing literature.

Spiegel et al. (13) studied the involvement of SMG in neck
dissections (unilateral or bilateral) performed for head and neck SCC
in 169 subjects. 196 SMG were resected. Glandular invasion was
observed in nine SMG (4.6%), glandular invasion was observed (3
cases; extension from level Ib lymph node metastasis, and six cases
showed direct extensions from the primary tumor). They suggested
that transplantation or replantation of the contralateral SMG may be
a safe oncological procedure (13).

Subramaniam et al. (17) studied the determinants of level Ib
involvement in 585 neck dissections from an OSCC cohort. In 226

N+ cases, 21 (9.3%) had direct tumor invasion of the SMG. The risk
factors for SMG involvement were tumor diameter >4 cm and DOI
>10 mm. Based on their findings, they proposed a submandibular
gland-sparing neck dissection for early stage OSCC. In a study by
Kalloli et al. (18), SMG involvement was observed in five (1.6%)
of 281 patients with OSCC who underwent neck dissection. SMG
involvement was from level Ib metastasis in three cases (0.9%) and
from direct extension of the primary tumor in two cases (0.6%).
Pasha et al. (19) studied involvement of SMG in a case series (149
patients) of oral cavity SCC. The SMG was involved in seven cases
(4.7%), all of whom had level Ib metastasis. In addition, two of
them had direct extension from the primary origin (floor of mouth).
locca et al. (20) designed a retrospective multicenter study of SMG
involvement in 642 patients with oral cavity SCC. SMG involvement
was observed in 12/642 (1.9%) and 12/852 (1.4%) per patient and
gland, respectively. pNO cases were associated with reduced SMG
involvement. In addition, they performed a meta-analysis of SMG
involvement in 4458 cases and 5037 glands. The involvement rates
were 1.8% [99% confidence interval (Cl) 1.1-2.7] and 1.6% (99% ClI
1.0-2.4), respectively.

Gu et al. (21) performed a prospective non-randomized cohort study
examining the impact of SMG preservation in early stage buccal
SCC. A total of 137 patients were included in this study. A total of
31 patients underwent SMG-sparing neck dissection. The 5-year
locoregional control rates in the SMG-sparing and SMG-excision
groups were 74% and 75%, respectively (p = 0.970). In addition, the
5-year DSS rates were 74% and 69%, respectively. Likewise, Du et
al. (22) retrospectively studied the outcomes of SMG preservation
and excision in neck dissection for cT1-2NO floor of mouth SCC. The
5-year LCR rates for SMG preservation and excision groups were
found to be 84% and 73%, respectively.

In another study on this subject, a retrospective study of 317 cases
conducted by Rahman et al. (23) reported a SMG involvement rate
of 3.8%. The study showed that the most important risk factors
for SMG involvement were level Ib lymph node involvement
[odds ratio (OR), 13.6], extranodal spread (OR, 67), and perineural
invasion (OR, 5). It has been emphasized that in early stage buccal
mucosal cancers at the cT1-T2NO stage, preservation of the SMG
may be possible without compromising oncological safety in the

Table 5. Effect of submandibular gland-sparing surgery on overall survival in the oral cavity SCC cohort.

Submandibular gland-sparing Total patients Number of Mean OS (months) £+ SE  Log-Rank »? df p-value
surgery events

No 113 34 84.8+4.4

Yes 12 1 88.6+7.1

Total 125 35 86.1+4.2 1.128 1 0.288

SCC: Squamous cell carcinoma, OS: Overall survival, SE: Standard error.

Table 6. Effect of submandibular gland-sparing surgery on recurrence-free survival in the oral cavity SCC cohort.

Submandibular gland-sparing surgery  Total patients (N) Number of events (N) Mean RFS (months) + SE  Log-Rank 2 df p-value
No 113 21 94.4+4.2

Yes 12 2 74.2+10.9

Total 125 23 94.2+4.1 0.006 1 0.936

SCC: Squamous cell carcinoma, SE: Standard error, RFS: Recurrence-free survival.
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absence of these high-risk factors. Finally, Jakhetiya et al. (24)
reported an SMG involvement rate of 1.32% in their retrospective
study of 303 patients who underwent neck dissection due to oral
cavity SCC. The study noted that submandibular invasion occurred
either through direct infiltration of the primary tumor or through
extracapsular spread from adjacent metastatic lymph nodes, and
that isolated intraglandular metastasis was not observed.

When the data from our study were examined, the pathological data
of 165 patients who underwent surgery for head and neck cancer
revealed that SMG involvement was detected in only one patient
(0.6%), which is a very low rate of occurrence. This finding is similar
to the 1.32% rate reported by Jakhetiya et al. (24) and the rates of
1.9% per patient and 1.4% per gland reported in locca et al’s (20)
multicenter retrospective study. In the literature, tumor diameter
>4 cm, depth of invasion (DOI) >10 mm, level Ib lymph node
involvement, extranodal spread, and perineural invasion have been
identified as the most important risk factors for SMG involvement.
Since SMG involvement was detected in only one patient in our
study, risk factor analysis could not be performed, which is one of
the main limitations of our study.

In the present study, survival analyses were restricted to the oral
cavity SCC cohort to minimize heterogeneity related to tumor site
and histopathology, as gland-sparing procedures were performed in
selected oral cavity SCC cases. No statistically significant difference
was observed in OS or RFS between the gland-sparing and non-
gland-sparing groups (p = 0.288 and p = 0.936, respectively). These
findings are in line with the studies by Gu et al. (21) and Du et al.
(22), which reported comparable oncological outcomes between
SMG-sparing and SMG-excision approaches in selected oral cavity
SCC cohorts. Nevertheless, the survival analysis included only 12
patients in the gland-sparing group, with one OS event and two
RFS events. These low event counts limited the ability to detect
between-group differences; therefore, the absence of statistically
significant differences should not be interpreted as evidence of
equivalence between the two surgical approaches. Together with
the retrospective, non-randomized design and potential selection
bias, these survival findings should be considered exploratory.

Study Limitations

The main limitations of this study include its retrospective design,
the inability to perform risk factor analysis due to the very low
number of SMG involvement events, and the limited sample size of
the gland-sparing subgroup. In addition, gland-sparing surgery was
performed only in selected clinically NO oral cavity SCC cases, which
may have introduced selection bias. Therefore, the survival analysis
should be regarded as exploratory rather than confirmatory.

CONCLUSION

In the present study, SMG involvement was identified in 0.6%
of patients who underwent neck dissection for head and neck
malignancy. In the oral cavity SCC cohort, no statistically significant
difference was found in OS or RFS between patients who underwent
submandibular gland-sparing surgery and those who did not.
Although the limited number of SMG involvement events precluded
a comprehensive risk factor analysis, our findings support the

existing literature suggesting that SMG preservation may be a
feasible approach in carefully selected low-risk oral cavity SCC
patients without clinical or radiological evidence of level Ib nodal
involvement.
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ABSTRACT

Objective: Delayed graft function (DGF), defined as the need for
dialysis within the first week after transplantation, is a common early
complication after deceased donor kidney transplantation. Although
it is associated with adverse short-term outcomes, its long-term
impact remains uncertain. We evaluated long-term patient and graft
outcomes among deceased donor kidney transplant recipients who
developed DGF.

Methods: This retrospective study identified 92 adult recipients of first
deceased donor kidney transplants, of whom 79 developed DGF and
constituted the primary analytic cohort. DGF was defined as dialysis
requirement within 7 days post-transplant. Rejection, infections, graft
loss, mortality, and long-term survival were analyzed among the 79
recipients who developed DGF.

Results: DGF occurred in 79 of 92 recipients (85.9%). Median follow-
up was 113 months. Among the 79 recipients with DGF, six acute
rejection episodes were observed, including two antibody-mediated
cases; all rejection episodes received treatment according to the type
of rejection. Among the 79 recipients with DGF, five viral infections
were documented (BK virus n = 3, cytomegalovirus n = 1, parvovirus
n = 1). During follow-up, 22 graft losses and 13 deaths occurred.
Patient survival at 1, 3, 5, and 10 years was 100%, 97%, 93%, and 89%,
respectively. Death-censored graft survival rates were 100%, 97%,
93%, and 86%, respectively.

0z

Amag: Transplantasyon sonrasi ilk hafta icinde diyaliz gereksinimi
olarak tanimlanan gecikmis greft fonksiyonu (delayed graft function,
DGF), kadavra vericiden bobrek nakli sonrasinda sik gorilen erken
donem komplikasyonlardan biridir. Kisa dénem olumsuz sonuglarla
iliskili olmasina ragmen, uzun dénem etkisi belirsizligini korumaktadir.
Bu calismada, DGF gelisen kadavra vericiden bobrek nakli alicilarinda
uzun dénem hasta ve greft sonuglarinin degerlendirilmesi amaglandi.

Yontemler: Bu retrospektif galismada, ilk kez kadavra vericiden bobrek
nakliyapilan 92 eriskin alici degerlendirildi. Bunlarin 79’unda DGF gelisti
ve bu hastalar temel analiz kohortunu olusturdu. DGF, transplantasyon
sonrasl 7 giin iginde diyaliz gereksinimi olarak tanimlandi. DGF gelisen
79 alicida rejeksiyon, enfeksiyonlar, greft kaybi, mortalite ve uzun
donem sagkalim analiz edildi.

Bulgular: DGF, 92 alicinin 79’unda (%85,9) gelisti. Ortanca takip siresi
113 aydi. DGF gelisen 79 alicida, ikisi antikor aracili olmak lizere toplam
alti akut rejeksiyon atagi gozlendi; tim rejeksiyon ataklari, rejeksiyon
tipine uygun olarak tedavi edildi. DGF gelisen 79 alici arasinda bes
viral enfeksiyon saptandi (BK virlisti, n = 3; sitomegaloviris, n = 1;
parvovirus, n = 1). Takip suiresince 22 greft kaybi ve 13 6lim meydana
geldi. Hasta sagkalimi 1., 3., 5. ve 10. yillarda sirasiyla %100, %97,
%93 ve %89 olarak bulundu. Oliim sansiirlii greft sagkalim oranlari ise
sirasiyla %100, %97, %93 ve %86 idi.
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ABSTRACT

Conclusion: In this cohort of deceased donor kidney transplant
recipients who developed DGF, favorable long-term patient and graft
outcomes were observed. These findings suggest that favorable long-
term outcomes may be achieved among recipients who develop DGF
when appropriate post-transplant management is provided. The
occurrence of viral infections highlights the need for close monitoring
and individualized immunosuppressive strategies.

Keywords: Delayed graft function, kidney transplantation, deceased
donor kidney transplantation, graft survival, patient survival, acute
rejection, long-term outcomes, immunosuppressive therapy
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Sonug: DGF gelisen kadavra vericiden bdbrek nakli alicilarindan olusan
bu kohortta, uzun dénem hasta ve greft sonuglarinin olumlu oldugu
gbzlendi. Bu bulgular, uygun nakil sonrasi yonetim saglandiginda
DGF gelisen alicilarda olumlu uzun dénem sonuglara ulasilabilecegini
distndirmektedir. Viral enfeksiyonlarin gorilmesi, yakin izlemin ve
bireysellestirilmis immuinoslpresif tedavi stratejilerinin gerekliligini
ortaya koymaktadir.

AnahtarSozciikler: Gecikmisgreftfonksiyonu, bébrektransplantasyonu,
kadavra vericiden bobrek nakli, greft sagkalimi, hasta sagkalimi, akut
rejeksiyon, uzun dénem sonuglar, immunosupresif tedavi

INTRODUCTION

Kidney transplantation is the preferred treatment for patients
with end-stage kidney disease, offering improved patient survival,
enhanced health-related quality of life, and reduced long-term
healthcare expenditures compared with maintenance dialysis
(1,2). Although substantial progress has been achieved in operative
procedures, graft preservation methods, and immunosuppressive
management, early post-transplant events remain an important
determinant of clinical outcomes, especially among deceased donor
kidney transplant recipients. Among these, delayed graft function
(DGF) remains a common and clinically relevant complication (1).

The most widely accepted definition of DGF is the requirement
for dialysis during the first post-transplant week. It is widely
considered a manifestation of ischemia-reperfusion injury leading
to acute tubular dysfunction and delayed recovery of graft function
(3). The incidence of DGF varies according to multiple donor-
related, recipient-related, and transplant-related factors, as well
as preservation and ischemia times, but it is consistently higher in
deceased donor transplantation, particularly in expanded-criteria
and donation after circulatory death donors (1,4,5).

The impact of DGF extends beyond the initial post-transplant stage.
DGF has been linked to extended hospital stays, greater healthcare
resource consumption, an elevated risk of acute rejection, and
suboptimal early graft function (6). Nevertheless, the long-term
consequences of DGF remain a matter of ongoing debate. While
some investigators have observed poorer graft survival among
recipients who develop DGF, others have reported satisfactory long-
term outcomes when modern immunosuppressive protocols and
optimized post-transplant follow-up are applied (6,7). Emerging
evidence also indicates that the severity and duration of DGF may be
more relevant than its presence alone (8).

These inconsistencies likely reflect differences in donor quality,
recipient risk profiles, ischemia exposure, and center-specific
practices. Therefore, contemporary data with extended follow-up
are needed to better define the long-term implications of DGF.

In this study, we evaluated long-term patient and graft outcomes
among deceased donor kidney transplant recipients who developed
DGF, with a focus on rejection, infectious complications, graft loss,
and long-term survival.
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MATERIALS AND METHODS

Study Design and Setting

This retrospective, single-center cohort study was conducted at
the Gazi University Transplantation Center, Ankara, Tirkiye. All
consecutive deceased donor kidney transplantations performed
between January 2006 and December 2019 were screened for
eligibility. Clinical and demographic data were obtained from the
institutional transplant registry, electronic medical records, and
archived hospital charts.

Study Population

A total of 92 deceased donor kidney transplant recipients were
identified during the study period. Patients undergoing first
deceased donor kidney transplantation with available follow-up
data were eligible. Patients with re-transplantation, multi-visceral
transplantation, or incomplete clinical data were excluded (Figure
1). DGF developed in 79 of the 92 recipients, whereas 13 recipients
did not develop DGF. Because the primary objective was to evaluate
long-term patient and graft outcomes among recipients who
developed DGF, the primary outcome analysis was restricted to the
79 recipients with DGF.

Surgical Technique

Kidney grafts were preferentially implanted in the right iliac fossa;
the left iliac fossa or an intraabdominal approach was used when
clinically indicated. Vascular reconstruction was performed using

All deceased donor kidney transplantations
screened/identified
January 2006 - December 2019
n =92

l

Recipients with DGF

Recipients without DGF

n =79 (85.9%)
n=13(14.1%) ) 8
Not included in primary Final a:al_yt;cgcohort

outcome analysls Median follow-up: 113 months

Figure 1. Flowchart of patient selection and formation of the primary
analytic cohort.

DGF: Delayed graft function.
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standard end-to-side anastomosis techniques, including Carrel
patch implantation when appropriate. Ureterovesical anastomosis
was carried out using a modified Lich-Gregoire technique. When
indicated, the corner-saving modification described by Mehmet
Haberal and colleagues was applied (9). Double-J ureteral stents
were routinely used and removed postoperatively according to
institutional practice. The surgical approach has been described
previously (10).

Definition of DGF

DGF was considered present when dialysis was required during
the first post-transplant week (11). The decision to initiate dialysis
was based on clinical and biochemical parameters, including
hyperkalemia, metabolic acidosis, fluid overload, or insufficient early
graft function. The same DGF definition and dialysis initiation criteria
were applied consistently throughout the study period (2006-2019).

Immunosuppressive Protocol

The institutional immunosuppressive approach has been described
previously (10). Briefly, all recipients received a calcineurin
inhibitor-based triple maintenance regimen consisting of tacrolimus
or cyclosporine, mycophenolate mofetil, and corticosteroids.
Induction therapy was administered according to immunological
risk and institutional protocols. Interleukin-2 receptor antagonists
were used in selected recipients, whereas antithymocyte globulin
(ATG) was preferred in patients with high immunological risk or
DGF. In recipients with DGF, calcineurin inhibitor initiation could
be delayed, and ATG was continued until graft recovery, defined
clinically by improving urine output and/or a substantial decline
in serum creatinine. The immunosuppressive protocol remained
unchanged throughout the study period (2006-2019).

Post-transplant Monitoring and Infection Prophylaxis

Recipients were followed with scheduled outpatient visits,
laboratory assessments, serum creatinine monitoring, therapeutic
drug level measurements, and surveillance for infectious
complications. Standard perioperative antibiotic prophylaxis
was administered. Trimethoprim-sulfamethoxazole was used for
Pneumocystis jirovecii prophylaxis, and cytomegalovirus (CMV)
prophylaxis was provided according to donor-recipient serostatus
and institutional protocols.

Study Outcomes

The prespecified outcomes were patient survival, death-censored
graft survival, acute rejection episodes, viral and opportunistic
infections, and causes of graft loss. Graft loss was defined as
permanent loss of graft function requiring return to dialysis or
retransplantation. Acute rejection was diagnosed based on clinical
and/or histopathological findings according to Banff criteria when
biopsy material was available (12). T-cell-mediated rejection was
treated with pulse corticosteroids, whereas antibody-mediated
rejection was managed with plasmapheresis, intravenous
immunoglobulin, and/or lymphocyte-depleting therapy.

Data Collection

The following variables were recorded: recipient sex, donor age,
cold ischemia time, number of human leukocyte antigen (HLA)

mismatches, duration of ATG therapy, DGF status, acute rejection,
infections, graft loss, cause of graft failure, cause of death, and
follow-up duration. Variables known to be associated with DGF
and post-transplant outcomes were considered during dataset
construction (1-3,5-8).

Ethical Approval

This retrospective study was performed in accordance with the
ethical principles of the Declaration of Helsinki and institutional
requirements. The study protocol received approval from the Gazi
University Ethics Commission before data extraction and analysis
(approval no: 05.02.2026-E.1456672, date: 05.02.2026). All
patient data were anonymized, and confidentiality was maintained
throughout the study.

Statistical Analysis

The primary analysis included the 79 recipients who developed
DGF. All outcome analyses, including patient survival and death-
censored graft survival, were performed in this primary analytic
cohort. Descriptive statistics for continuous variables were
reported as mean + standard deviation or median (minimum-
maximum), as appropriate. Categorical data were described
using absolute numbers and corresponding percentages. Survival
outcomes, including patient survival and death-censored graft
survival, were evaluated by Kaplan-Meier survival curves. Kaplan-
Meier estimates were used to describe patient survival and death-
censored graft survival at 1, 3, 5, and 10 years among the 79
recipients in the primary analytic cohort. Given the retrospective
design and limited sample size, analyses were primarily
descriptive, and findings were interpreted within the context of
an observational study.

RESULTS

Baseline Characteristics

A total of 92 deceased donor kidney transplant recipients were
identified during the study period. DGF occurred in 79 recipients
(85.9%), whereas 13 recipients did not develop DGF. Among the 79
recipients with DGF, 40 were female and 39 were male. The mean
donor age was 41 * 19 years, mean cold ischemia time was 21 + 6.1
hours, and mean number of HLA mismatches was 3 + 2.1. The mean
duration of rabbit ATG therapy was 9.4 * 4 days.

Follow-up Duration

The primary analytic cohort was followed for a mean duration of 98
+ 59 months (range, 6-173 months), with a median follow-up of 113
months.

Rejection Outcomes

Among the 79 recipients with DGF, 6 acute rejection episodes (7.6%)
were documented, including 2 antibody-mediated rejections. All
rejection episodes received treatment according to the type of
rejection.

Infectious Complications

Among the 79 recipients with DGF, 5 viral infections were observed:
BK virus (BKV) in 3, CMV in 1, and parvovirus in 1. During the follow-
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up period, no instances of post-transplant lymphoproliferative
disorder or newly developed malignancy were recorded.

Graft Loss

Among the 79 recipients with DGF, 22 graft losses occurred during
follow-up. The leading cause was chronic allograft nephropathy
(n = 12), followed by BKV nephropathy (n = 3), hemolytic uremic
syndrome (n = 2), sepsis-related graft failure (n = 2), infection
originating from the native kidneys (n = 1), CMV-associated injury
(n=1), and unexplained causes (n = 1).

Patient Mortality

Among the 79 recipients with DGF, 13 recipients (16.4%) died during
follow-up. The most common cause of death was sepsis (n = 7),
followed by aortic dissection (n = 1) and traffic accident (n = 1). In
the remaining cases, the cause of death could not be determined.

Long-term Survival Outcomes

The estimated patient survival rates at 1, 3, 5, and 10 years were
100%, 97%, 93%, and 89%, respectively. Corresponding death-
censored graft survival rates were 100%, 97%, 93%, and 86% at the
same time points.

DISCUSSION

In this single-center cohort of recipients who developed DGF, long-
term patient and graft survival were favorable. These findings
indicate that favorable long-term outcomes can be observed among
recipients who develop DGF, although the absence of a formal
non-DGF comparator analysis precludes determining whether DGF
itself influences long-term outcomes (1,6). Our findings should
be interpreted in the context of the high prevalence of DGF in
this cohort. The exceptionally high DGF incidence observed in
our cohort exceeds rates reported in most contemporary series
(20-50%). This difference may be attributable to the exclusively
deceased-donor population, prolonged cold ischemia times,
and center-specific donor characteristics. Importantly, the same
operational definition of DGF and clinical criteria for dialysis
initiation were applied throughout the study period, making a
change in diagnostic practice an unlikely explanation for the high
observed incidence.

A likely contributing factor is the relatively young donor age in
our cohort. Younger donor kidneys may better tolerate ischemia-
reperfusion injury and recover function despite early dysfunction,
which may have mitigated the long-term impact of DGF in this series
(2,3).

DGF has been linked to higher early morbidity, including acute
rejection and delayed recovery. In our cohort, rejection episodes
were infrequent and controllable. The use of ATG-based induction
in selected patients with DGF may have contributed to the low
acute rejection rate observed in our cohort, potentially reflecting
the relatively prolonged ATG exposure during delayed graft recovery
(7,13).

Previous studies suggest that the duration and severity of DGF may
be more relevant determinants of long-term outcomes than its mere
presence. In our cohort, chronic allograft nephropathy accounted for
the majority of graft losses, suggesting that long-term graft failure
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may also reflect ongoing chronic allograft injury rather than the
initial episode of DGF alone.

Viral infections, particularly BKV, were observed during follow-
up. Recipients with DGF may be exposed to more intensive
immunosuppression, which can increase susceptibility to
opportunistic infections. This highlights the importance of close
monitoring and timely adjustment of immunosuppressive therapy
in this group (6,14).

The relationship between DGF and immunosuppression requires
careful consideration. More intensive induction may reduce early
rejection but can increase infection risk. In practice, this balance
should be individualized according to patient risk.

Despite the exceptionally high prevalence of DGF in our cohort,
long-term patient and graft outcomes remained favorable. Long-
term follow-up revealed sustained patient survival, with estimated
rates of 100% at 1 year, 97% at 3 years, 93% at 5 years, and 89%
at 10 years. Death-censored graft survival remained comparably
high, reaching 100%, 97%, 93%, and 86% at the respective time
points. These outcomes indicate that favorable long-term patient
and graft survival can be observed in recipients who develop DGF
(2,6,7). The favorable survival observed in our cohort may reflect the
combined effects of careful post-transplant monitoring, appropriate
immunosuppressive management, and timely treatment of
complications. Collectively, these findings support the concept that
successful long-term outcomes can be achieved despite early graft
dysfunction when recipients receive comprehensive post-transplant
care. Prospective studies involving multiple transplant centers are
necessary to validate the present findings and to clarify the recipient,
-donor-, and transplant-related factors that may affect outcomes
following DGF.

Study Limitations

The findings of this study should be interpreted in light of certain
limitations. Its retrospective nature, conduct at a single transplant
center, and modest cohort size may limit the applicability of the
results to broader transplant populations. In addition, the absence
of a comparator group without DGF precluded assessment of the
independent effect of DGF on outcomes; therefore, our findings
should be interpreted as descriptive rather than causal. Some
potentially relevant variables, including donor instability and
preservation details, were not consistently available. Therefore, our
findings should be considered hypothesis-generating rather than
confirmatory.

CONCLUSION

In conclusion, although DGF was highly prevalent in this deceased
donor kidney transplant cohort, long-term patient and graft
outcomes remained favorable. The occurrence of viral infectious
complications highlights the importance of close monitoring and
individualized immunosuppressive management. Therefore, careful
post-transplant surveillance and tailored immunosuppressive
strategies remain essential in recipients with DGF. These findings
may help inform risk-adapted management approaches and support
individualized care in this patient population.
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ABSTRACT

Objective: The conventional tumor, node, metastasis (TNM) staging
system for colorectal cancer possesses inherent limitations due to
its dependence on lymph node dissection completeness. This study
assessed the prognostic performance of the log odds of positive lymph
nodes (LODDS) and lymph node ratio (LNR) against traditional TNM
staging in patients who received curative resection for right-sided
colon cancer.

Methods: We conducted a retrospective analysis of 132 patients who
underwent curative resection for right-sided colon cancer between
November 2014 and January 2020. LODDS and LNR were calculated
and categorized using published cut-off values. Kaplan-Meier survival
analysis and multivariable Cox proportional hazards regression
identified independent predictors of 5-year mortality.

Results: During a median follow-up of 90.2 months, the 5-year overall
survival rate was 50.2%. Multivariate Cox regression confirmed LODDS
category, LNR category, AJCC stage, and patient age as independent
predictors of 5-year mortality. Mortality hazard was markedly elevated
for the highest-risk LODDS group [LODDS 2 versus LODDS 0: hazard
ratio (HR) = 22.322; p < 0.001] compared to the highest LNR category
(LNR 2 versus LNR 0: HR = 4.356; p = 0.001).

Conclusion: Both LODDS and LNR function as robust independent
prognostic markers for 5-year mortality following curative resection
for right-sided colon cancer. However, LODDS demonstrates
superior discriminatory power in identifying patients at highest risk.

0z

Amag: Kolorektal kanserde geleneksel timor, lenf diglimi, metastaz
(TNM) evreleme sisteminin, lenf nodu diseksiyonunun yeterliligine
bagimli olmasi nedeniyle bazi kisithiliklari bulunmaktadir. Bu ¢alismada,
sag tarafli kolon kanseri nedeniyle kiratif rezeksiyon uygulanan
hastalarda Pozitif lenf nodlarinin logaritmik odds orani (LODDS) ve lenf
nodu oraninin (LNR) prognostik performansi geleneksel TNM evreleme
sistemi ile karsilastirilarak degerlendirildi.

Yontemler: Kasim 2014 ile Ocak 2020 tarihleri arasinda sag tarafli
kolon kanseri nedeniyle kiratif rezeksiyon uygulanan 132 hastanin
retrospektif analizi gergeklestirildi. LODDS ve LNR degerleri hesaplandi
ve daha 6nce yayimlanmis kesim noktalari kullanilarak kategorilere
ayrildi. Bes yillk mortalitenin bagimsiz belirleyicilerini saptamak
amaciyla Kaplan-Meier sagkalim analizi ve ¢ok degiskenli Cox orantisal
riskler regresyon analizi uygulandi.

Bulgular: Ortanca 90,2 aylik takip stresinde bes yillik genel sagkalim
orani %50,2 olarak bulundu. Cok degiskenli Cox regresyon analizi,
LODDS kategorisi, LNR kategorisi, AJCC evresi ve hasta yasinin bes yillik
mortalitenin bagimsiz belirleyicileri oldugunu dogruladi. En yiiksek riskli
LODDS grubunda mortalite riski, en yiksek LNR kategorisine kiyasla
belirgin olarak daha ylksekti [LODDS 2 ve LODDS 0 karsilagtirmasi: risk
orani (HR) = 22,322; p < 0,001; LNR 2 ve LNR 0 karsilastirmasi: HR =
4,356; p = 0,001].

Sonug: Hem LODDS hem de LNR, sag tarafli kolon kanserinde kiratif
rezeksiyon sonrasinda bes yillik mortalite agisindan giigli ve bagimsiz
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ABSTRACT

Incorporating LODDS into clinical assessment could enhance risk
stratification and inform adjuvant treatment strategies.

Keywords: Right-sided colon cancer, log odds of positive lymph nodes
(LODDS), lymph node ratio (LNR), prognosis, survival analysis

0z

prognostik belirtecler olarak islev gdérmektedir. Bununla birlikte,
LODDS, en yiksek risk tasiyan hastalarin belirlenmesinde daha Ustiin
ayirt edici glice sahiptir. LODDS'nin klinik degerlendirmeye dahil
edilmesi, risk siniflandirmasinin gelistiriimesine ve adjuvan tedavi
stratejilerinin belirlenmesine katki saglayabilir.

Anahtar Sozciikler: Sag tarafli kolon kanseri, pozitif lenf nodlarinin
logaritmik odds orani (LODDS), lenf nodu orani (LNR), prognoz,
sagkalim analizi

INTRODUCTION

Colorectal cancer (CRC) remains one of the most prevalent
malignancies and a major contributor to cancer-related deaths
worldwide (1,2). Precise staging forms the cornerstone of prognostic
evaluation and therapeutic planning. The American Joint Committee
on Cancer (AJCC) tumor, node, metastasis (TNM) classification
serves as the internationally recognized benchmark, with regional
lymph node involvement (N-stage) consistently identified as the
paramount determinant of survival (3).

Despite widespread adoption, the TNM N-stage classification has
inherent limitations. Its principal constraint is dependency solely
on the absolute number of positive lymph nodes. When inadequate
lymphadenectomy vyields fewer than the AJCC-recommended 12
nodes for pathological assessment, the risk of pathological under-
staging increases, potentially leading to suboptimal treatment
decisions (4). Furthermore, significant prognostic heterogeneity
exists among patients within the same N-stage category when total
nodes examined differ.

Alternative staging systems have been proposed to address these
shortcomings. The lymph node ratio (LNR) represents the simple
proportion of positive nodes relative to total retrieved nodes. The Log
0Odds of Positive Lymph Nodes (LODDS) offers a more sophisticated
measure, defined by the formula: LODDS = log [(p + 0.5) / (n + 0.5)],
where p is the number of positive nodes and n is the number of
negative nodes. By integrating both components of nodal harvest,
LODDS demonstrates superior statistical stability and prognostic
reliability, especially in cases with limited lymph node yield (5,6).

The prognostic superiority of LODDS has been established across
several malignancies, including gastric, breast, and rectal cancers
(7-9). CRC is increasingly recognized not as a single entity, but as
two distinct diseases: Right-sided and left-sided tumors, each with
unique biological and clinical profiles. Right-sided colon cancers
(RCC), originating from the cecum, ascending colon, and hepatic
flexure, are frequently diagnosed at more advanced stages, exhibit
distinct molecular characteristics, and are associated with poorer
prognosis (10,11).

While the prognostic value of LODDS has been explored in pooled
CRC cohorts and specifically in rectal cancer, its comparative
performance against TNM staging and LNR has not been rigorously
assessed in a cohort dedicated exclusively to RCC. The primary aim
of this study was to evaluate the independent prognostic value of
the LODDS system for long-term survival following curative resection
for RCC, comparing its performance directly with conventional TNM
stage and LNR.

MATERIALS AND METHODS

Study Design and Patient Cohort

We included patients who received an initial primary diagnosis of
adenocarcinoma and subsequently underwent right hemicolectomy
between November 2014 and January 2020. Right-sided colon
tumors were anatomically defined as those located in the cecum,
ascending colon, or hepatic flexure.

Inclusion Criteria:

(1) Primary pathological diagnosis of adenocarcinoma;
(2) History of undergoing right hemicolectomy;

(3) Achievement of curative-intent resection (R0);

(4) Minimum of 12 lymph nodes retrieved and examined
postoperatively.

Exclusion Criteria:
(1) Familial adenomatous polyposis or Lynch syndrome;
(2) Age under 18 years;

(3) Synchronous tumors, peritoneal dissemination, or distant
metastatic disease at diagnosis (Stage IV);

(4) Emergent surgery for perforation or obstruction;
(5) Death within the immediate postoperative period (first 30 days);
(6) Fewer than 12 lymph nodes harvested.

Parameters Investigated

We collected demographic information (gender, age), tumor-specific
characteristics (location, size, differentiation grade, lymphovascular and
perineural invasion), surgical details, and long-term survival outcomes.

Staging Systems Evaluated
Three distinct lymph node staging systems were compared:

1. TNM stage: Patients were staged according to AJCC 8" edition
criteria (NO, N1a, N1b, N2a, N2b).

2. LNR: Calculated by dividing positive lymph nodes by total
retrieved nodes. LNR values were stratified into three categories:
LNR 0 (<0.05), LNR 1 (>0.05 to <0.2), and LNR 2 (>0.2) (8).

3. Log odds of positive nodes (LODDS): Computed using the formula:
log [(pnod + 0.5) / (tnod + 0.5)]. LODDS values were categorized
into three groups: LODDS 0 (<-1.36), LODDS 1 (>-1.36 to <-0.53),
and LODDS 2 (>-0.53). These cut-off points were selected based on
values demonstrated to hold prognostic significance in large-scale
studies (5,8).
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This single-center, retrospective cohort study was conducted at
Gazi University, Faculty of Medicine Hospital. The study protocol
adhered to the principles outlined in the Declaration of Helsinki
and received approval from the Local Ethics Committee of Gazi
University (approval number: E-77082166-604.01-1451101, date:
13/01/2026). Informed consent was obtained from all individual
participants included in the study.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 27.
Continuous data are presented as mean * standard deviation or
median (range); categorical variables as frequencies (%). Normality
was assessed with the Kolmogorov-Smirnov test. Group comparisons
used the Independent Sample t-test (normal distribution) or the
Mann-Whitney U test (non-normal). Pearson’s y? test analyzed
qualitative variable associations. Survival was analyzed via Kaplan-
Meier with Log-Rank test comparison. Independent prognostic
factors were identified using Cox proportional hazards regression
(Backward:LR method). The prognostic efficacy of TNM N-stage,
LNR, and LODDS was compared using ROC curve analysis, calculating
the AUC for each. A p-value < 0.05 was considered statistically
significant.

RESULTS

The study cohort comprised 132 patients who underwent curative
resection for right-sided colon cancer, consisting of 70 (53.0%) male
and 62 (47.0%) female patients. Mean age at surgery was 64.11 *
12.92 years. Most tumors were classified as moderately (55.3%) or
well-differentiated (26.5%). According to AJCC staging, 43.9% were
Stage 2 and 40.9% were Stage 3. The mean number of lymph nodes
retrieved per patient was 35.36 + 15.99, with a mean of 1.46 + 3.09
metastatic lymph nodes identified. Median follow-up duration was
90.2 months, and the 5-year overall survival rate was 50.2%. The
demographic and clinical characteristics of this patient population
are detailed in Table 1.

Univariate Analysis

Univariate analysis revealed no significant association between
survival and gender or tumor differentiation (p > 0.05). However,
survival was strongly correlated with Dukes Category (x> = 25.955;
p < 0.001) and AJCC Stage (y*> = 21.435; p < 0.001). Significant
relationships were also found for LODDS Category (x> = 12.426; p =
0.002), with LODDS 0 showing higher survival than categories 1-2,
and for LNR Category (y* = 12.525; p = 0.002). Deceased patients
had significantly more metastatic lymph nodes (p < 0.001) and were
older at surgery (p = 0.041) compared to survivors. No significant
differences were observed in total retrieved lymph nodes or tumor
size (p > 0.05). These results are summarized in Table 2.

Multivariate Analysis

In multivariate analysis, LODDS category, LNR category, AJCC Stage,
and age at operation emerged as independent predictors of 5-year
mortality (p < 0.05). After adjustment, LODDS category remained a
significant prognostic factor. Compared to LODDS 0, the mortality
hazard was 2.319 times higher for LODDS 1 [95% confidence interval
(Cl): 1.225-4.390; p = 0.010] and 22.322 times higher for LODDS 2
(95% Cl: 6.552-76.052; p < 0.001). Similarly, LNR category was an
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Table 1. Baseline patient demographics and clinical characteristics.

Variable (n = 132) n %
Gender

Female 62 47.0
Male 70 53.0
Differentiation

Poor 24 18.2
Moderate 73 55.3
Well 35 26.5
Dukes category

A 20 15.2
Bl 52 39.4
B2 6 4.5
c1 36 27.3
c2 18 13.6
Stage

1 20 15.2
2 58 43.9
3 54 40.9
LODDS

0 86 65.2
1 41 31.1
2 5 3.7
LNR

0 103 78.0
1 19 14.4
2 9 6.8

Median Min. Max.
64.11+12.92 66.0 28.0 89.0

Quantitative variables
Age at operation

Number of resected lymph
nodes 35.36+15.99 31.0 12.0 91.0

Number of metastatic lymph
nodes 1.46 + 3.09 0.0 0.0 20.0

Tumor diameter (mm) 55.80+25.36 50.0 2.0 130.0

LNR: Lymph node ratio, LODDS: Log odds of positive lymph nodes, Min.:
Minimum, Max.: Maximum.

independent prognostic factor, with LNR 1 [hazard ratio (HR) =
2.977; 95% Cl: 1.463-6.060; p = 0.003] and LNR 2 (HR = 4.356; 95%
Cl: 1.774-10.693; p = 0.001) associated with increased risk versus
LNR 0. AJCC stage also retained significance: Stage 2 (HR = 1.955;
95% Cl: 1.235-3.095; p = 0.004) and Stage 3 (HR = 2.963; 95% Cl:
1.952-4.497; p < 0.001) showed elevated mortality risk relative to
Stage 1 (Table 3).

DISCUSSION

Accurate prognostic stratification is essential for adjuvant therapy
decisions following resection for CRC. Our findings underscore a
key limitation of conventional TNM N-stage: Its dependence on
the absolute count of positive nodes, which renders it unreliable
when lymph node retrieval is suboptimal (4). In contrast, this study
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Table 2. Investigation of the relationship between general
characteristics and survival status.

Survival Survived EX Statistical

variable (n=85) (n=47) analysis*
n % n %

Gender

Female 38 44.7 24 51.1  x?=0.491

Male 47 55.3 23 48.9 p=0.483

Differentiation

Poor 15 17.6 9 19.1 y’=3.478

Moderate 43 50.6 30 63.9 p=0.176

Well 27 31.8 8 17.0

Dukes category

A 20 23.5 - - ¥*=25.955

B1 38 44.7 14 29.8 p <0.001

B2 3 3.5 3 6.4

C1 19 22.4 17 36.2

Cc2 5 59 13 27.6

Stage

1 20 23.6 - - ¥’=21.435

2 41 48.2 17 36.2 p <0.001

3 24 28.2 30 63.8

LODDS

0 64 75.3 22 46.8 y’=12.426

1 20 23.5 21 44.7 p =0.002

2 1 1.2 4 8.5

LNR

0 74 88.1 29 61.7 y?=12.525

1 7 8.3 12 25.5 p =0.002

2 3 3.6 6 12.8

*Statistical analysis: Pearson-y? (chi-square) cross tabulation was used to
examine the relationship between two categorical variables. LNR: Lymph

node ratio, LODDS: Log odds of positive lymph nodes.

demonstrates that both LNR and, more powerfully, LODDS provide
robust independent prognostic value in right-sided colon cancer.

Multivariate Cox regression confirmed that LODDS category, LNR
category, and AJCC stage are all independent predictors of 5-year
mortality in RCC. This finding robustly supports our hypothesis that
ratio-based staging systems, particularly LODDS and LNR, provide
prognostic information comparable to—and potentially more robust
than—traditional N-stage for right-sided colon cancers (5,6,12).

The principal finding of this study is the superior prognostic
stratification offered by LODDS compared to LNR. The hazard for
mortality in the highest LODDS category was 22.322 times greater
than the lowest category, whereas the corresponding hazard for the
highest LNR category was 4.356-fold. This enhanced performance
is explained by the mathematical properties of the LODDS formula,
which incorporates both positive and negative nodal counts into a
continuous logarithmic metric, conferring greater stability against
variations in total lymph node yield (5,6). Consequently, LODDS
maintains prognostic accuracy in cohorts with heterogeneous
lymphadenectomy, an advantage documented in colorectal
and gastric cancers where it provides superior survival curve
discrimination versus traditional N-staging (5,6,12). Its robustness as
a prognostic indicator has been replicated in breast and other solid
tumors (8,9,13,14). Our findings extend this evidence by specifically
validating the high discriminatory capacity of LODDS in right-sided
colon cancer.

Our analysis confirmed LNR as an independent prognostic factor,
with significantly increased mortality hazard in its highest category.
A critical limitation, however, is its inability to stratify the substantial
subset of lymph node-negative patients, for whom LNR is uniformly
zero. LODDS addresses this deficit by incorporating the denominator
of negative nodes into a continuous variable, thereby unmasking
prognostic heterogeneity within node-negative cohorts and offering
more granular risk assessment than either N-stage or LNR (7,15,16).
Although some reports suggest prognostic equivalence between LNR
and LODDS (15,16), the broader literature, including larger series,
indicates that LODDS provides superior discrimination, particularly
for high-risk stratification (5,13,14).

Table 3. Independent risk factors associated with 5-year mortality (Cox regression analysis).

95% confidence interval (HR)

Variables B S.H. Wald SD p HR

Lower Higher
LODDS 0* 26.511 2 <0.001
LODDS 1 0.841 0.326 6.668 1 0.010 2.319 1.225 4.390
LODDS 2 3.106 0.625 24.654 1 <0.001 22.322 6.552 76.052
LNR 0* 15.535 2 <0.001
LNR 1 1.091 0.363 9.054 1 0.003 2.977 1.463 6.060
LNR 2 1471 0.458 10.311 1 0,001 4.356 1.774 10.693
Stage 1* 13.818 2 <0.001
Stage 2 0.671 0.234 8.184 1 0.004 1.955 1.235 3.095
Stage 3 1.086 0.213 26.040 1 <0.001 2.963 1.952 4.497
Age at operation 0.065 0.015 18.122 1 <0.001 1.067 1.036 1.100

*: Reference category, SD: Standard deviation, HR: Hazard ratio, LNR: Lymph node ratio, LODDS: Log odds of positive lymph nodes.
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Right- and left-sided colon cancers are now recognized as biologically
and clinically distinct entities. Right-sided colon cancers are frequently
diagnosed at more advanced stages, harbor distinct molecular
profiles, and portend poorer prognosis (10,11). Much of the existing
literature on LODDS has evaluated CRC as a homogeneous group
or focused on rectal cohorts (14,15,17). A primary strength of this
study is its exclusive focus on RCC, enabling precise assessment of
LODDS and LNR within this specific anatomical subset. This approach
is supported by work suggesting lymph node-related metrics are
particularly influential for survival outcomes in right-sided tumors
(11). Consequently, our findings indicate that LODDS can offer
clinicians critical adjunctive data to personalize adjuvant therapy
and identify high-risk patients within the RCC population.

Our finding that age at operation is an independent prognostic
variable aligns with the established association between advanced
age and inferior survival in RCC. This relationship may be mediated
by higher prevalence of comorbidities, physiological frailty, and
reduced tolerance to adjuvant regimens. Although the number
of positive nodes retained its expected prognostic significance in
univariate analysis, both LODDS and LNR demonstrated enhanced
capacity for refined risk classification. Therefore, these results argue
for clinical implementation of LODDS and LNR as complementary or
alternative tools to N-stage, facilitating a more nuanced approach to
adjuvant therapy planning and surveillance in RCC.

Study Limitations

This study has several limitations. Its retrospective, single-center
design carries inherent biases and may limit generalizability. The
statistical power for the highest-risk categories (LODDS 2 and LNR
2) is constrained by their small subgroup sizes. Although overall
survival was the primary endpoint, disease-free survival data would
have better assessed recurrence risk. Furthermore, our model did
not incorporate established clinicopathological and molecular
prognostic factors, such as microsatellite instability (MSI) status.

CONCLUSION

This study confirms that both LODDS and LNR are independent
prognostic factors for 5-year mortality after curative resection of
right-sided colon cancer, independent of AJCC Stage. Notably, LODDS
demonstrated a superior ability to identify the highest-risk subgroup
(LODDS 2), with a HR of 22.322. These results suggest that LODDS
may serve as a valuable complement, or even a superior alternative,
to the TNM system for prognostic assessment and personalization of
adjuvant therapy. Incorporating LODDS into routine clinical practice
could refine risk stratification and optimize treatment. Prospective
multicenter studies are needed to validate these findings and
integrate LODDS into standard decision-making algorithms and
should incorporate disease-free survival as a primary endpoint
alongside molecular markers such as MSI and KRAS mutation status,
which were not assessed in the present study.

Ethics

Ethics Committee Approval: The study protocol adhered to the
principles outlined in the Declaration of Helsinki and received approval
from the Local Ethics Committee of Gazi University (approval number:
E-77082166-604.01-1451101, date: 13/01/2026).
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ABSTRACT

Objective: Kidney transplant recipients are at increased risk for
severe coronavirus disease-2019 (COVID-19) because of chronic
immunosuppressive therapy and impaired cellular immunity.
Lymphopenia is a well-established predictor of adverse outcomes
in the general population; however, the prognostic significance of
persistent lymphopenia during hospitalization in kidney transplant
recipients remains poorly defined. This study aimed to evaluate
the association between persistent or exacerbated lymphopenia
and clinical outcomes, including mortality and renal function, in
hospitalized kidney transplant recipients with COVID-19.

Methods: We conducted a retrospective cohort study including adult
kidney transplant recipients hospitalized with laboratory-confirmed
COVID-19 at a tertiary referral center between March 2020 and January
2022. Patients were classified based on the presence or absence
of persistent or exacerbated lymphopenia during hospitalization.
Demographic characteristics, comorbidities, laboratory findings,
treatments, and clinical outcomes were compared between groups.
The primary outcome was in-hospital mortality. Secondary outcomes
included intensive care unit (ICU) admission, requirement for
respiratory support, requirement for invasive mechanical ventilation,
length of hospital stay, requirement for hemodialysis, and renal
function at 90 days after discharge. Independent predictors of mortality
were identified using multivariable logistic regression analysis.
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Amag: Bobrek naklialicilari, kronik immiinostpresif tedavi ve bozulmus
hicresel imminite nedeniyle koronaviriis hastaligi-2019 (COVID-19)
acisindan agir seyir riski tasilyan hasta grubunu olusturmaktadir.
Lenfopeninin genel popllasyonda k&t klinik sonuglarin 6nemli bir
belirteci oldugu bilinmesine karsin, hastanede yatis siiresince devam
eden veya kétllesen lenfopeninin bébrek nakli alicilarindaki prognostik
degeri yeterince aydinlatilamamistir. Bu ¢alismada, persistan veya
kotllesen lenfopeni ile mortalite ve bobrek fonksiyonlari basta olmak
izere klinik sonuglar arasindaki iliskinin degerlendirilmesi amaglandi.

Yontemler: Bu retrospektif kohort ¢calismasina, Mart 2020 ile Ocak 2022
tarihleri arasinda Uglincli basamak bir merkezde laboratuvar olarak
dogrulanmis COVID-19 tanisiyla hastaneye yatirilan eriskin bobrek
nakli alicilari dahil edildi. Hastalar hastanede yatis siirecinde persistan
veya kotilesen lenfopeni varligina gore gruplandirildi. Demografik
ozellikler, komorbiditeler, laboratuvar bulgulari, uygulanan tedaviler ve
klinik sonuglar gruplar arasinda karsilastirildi. Birincil sonlanim noktasi
hastane ici mortaliteydi. ikincil sonlanim noktalari yogun bakim dnitesi
yatisi, solunum destegi gereksinimi, invaziv mekanik ventilasyon
ihtiyaci, hastanede yatis suiresi, hemodiyaliz gereksinimi ve taburculuk
sonrasli 90. giindeki bébrek fonksiyonlari olarak belirlendi. Mortalite ile
iliskili bagimsiz belirleyiciler cok degiskenli lojistik regresyon analizi ile
degerlendirildi.
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ABSTRACT

Results: A total of 181 kidney transplant recipients were included, 63%
of whom developed persistent or exacerbated lymphopenia. Patients
with persistent or exacerbated lymphopenia experienced significantly
higher rates of ICU admission, respiratory support, invasive mechanical
ventilation, prolonged hospitalization, and in-hospital mortality
compared with other patients (all p < 0.05). They also had significantly
higher levels of inflammatory markers, including ferritin and C-reactive
protein. In multivariable analysis, persistent/exacerbated lymphopenia
remained independently associated with in-hospital mortality
after adjustment for age, inflammatory markers, and hemodialysis
requirement [adjusted odds ratio 14.16 (95% confidence interval: 3.6-
55.7), p < 0.001]. However, persistent lymphopenia was not associated
with loss of renal function at 90 days.

Conclusion: Persistent or exacerbated Iymphopenia during
hospitalizationisastrongindependent predictor ofin-hospital mortality
among kidney transplant recipients with COVID-19 and is associated
with greater disease severity and increased resource utilization. In
contrast, it does not appear to predict 90-day renal function decline.
Serial assessment of lymphocyte counts may provide a simple,
inexpensive, and readily available tool for early risk stratification in
hospitalized kidney transplant recipients with COVID-19.

Keywords: COVID-19, kidney transplantation, lymphopenia
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Bulgular: Calismaya toplam 181 boébrek nakli alicisi dahil edildi ve
bunlarin %63’linde hastanede yatis siiresince persistan veya kotilesen
lenfopeni saptandi. Persistan lenfopenisi bulunan hastalarda yogun
bakim Unitesine yatig, solunum destegi gereksinimi, invaziv mekanik
ventilasyon ihtiyaci, hastanede kals siiresi ve hastane i¢i mortalite
oranlari anlamli olarak daha yuksekti (tim karsilastirmalar igin p <
0,01). Ayrica ferritin ve C-reaktif protein dizeyleri de bu grupta anlaml
olarak daha yuksekti. Cok degiskenli analizde persistan veya kotilesen
lenfopeni; yas, enflamatuvar belirtecler ve hemodiyaliz gereksinimi
icin diizeltme yapildiktan sonra da hastane i¢i mortalitenin bagimsiz
bir belirleyicisi olarak saptandi [diizeltilmis olasilik orani: 14,16 (%95
guven arahgi: 3,6-55,7), p < 0,001]. Buna karsin, persistan lenfopeni ile
90. gindeki bobrek fonksiyon kaybi arasinda anlamli iliski saptanmadi.

Sonug: Hastanede yatig sliresince devam eden veya kétiilesen lenfopeni,
COVID-19 nedeniyle hastaneye yatirilan bobrek nakli alicilarinda
hastane i¢i mortalitenin glgli ve bagimsiz bir belirleyicisidir ve daha
agir hastalik seyri ile artmig saglik hizmeti gereksinimiyle iliskilidir. Buna
karsin, orta donem bobrek fonksiyon kaybini 6ngérmemektedir. Seri
mutlak lenfosit sayisi degerlendirmesi, hastaneye yatirilan bébrek nakli
alicilarinda erken risk siniflandirmasinda geleneksel enflamatuvar ve
renal belirtegleri tamamlayici, kolay uygulanabilir ve dislik maliyetli bir
yontem olarak kullanilabilir.

Anahtar Sozciikler: COVID-19, bobrek nakli, lenfopeni

INTRODUCTION

Coronavirus disease-2019 (COVID-19), caused by severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV-2), has caused
substantial global morbidity and mortality since its emergence in
late 2019. Although widespread vaccination, antiviral therapies,
and advances in supportive care have improved clinical outcomes
over the course of the pandemic, immunocompromised individuals
remain at increased risk for severe disease, hospitalization, and
death. Among these populations, kidney transplant recipients
(KTRs) represent a particularly vulnerable group because of chronic
immunosuppressive therapy, impaired cellular immunity, and the
high prevalence of comorbid conditions such as hypertension,
diabetes mellitus, and chronic kidney disease (CKD) (1,2).

COVID-19 frequently affects the kidneys through multiple
mechanisms, including direct viral cytotoxicity, dysregulated
immune activation, endothelial injury, thrombotic microangiopathy,
and hemodynamic alterations. Consequently, acute kidney injury
(AKI) is a common complication of COVID-19 and has consistently
been associated with increased mortality and adverse long-term
renal outcomes (3-6). In KTRs, the risk of graft dysfunction may be
further exacerbated by baseline allograft vulnerability, nephrotoxic
medications, and modifications to immunosuppressive therapy
during acute infection (2,7). Although many patients recover from the
acute phase of COVID-19, persistent deterioration of renal function
has been reported after hospital discharge, which emphasizes
the importance of identifying prognostic factors associated with
subsequent graft outcomes (5).

Lymphopenia is one of the most consistent hematological
abnormalities observed in patients with COVID-19 and is considered
a hallmark of dysregulated host immune responses. Several studies
have demonstrated that reduced peripheral lymphocyte counts are

associated with greater disease severity, respiratory failure, intensive
care unit (ICU) admission, and mortality in the general population
(1,8). The proposed mechanisms include direct virus-induced
lymphocyte apoptosis, cytokine-mediated immune exhaustion, bone
marrow suppression, and redistribution of activated lymphocytes to
infected tissues (8). In KTRs, interpretation of lymphocyte counts
is inherently more complex because chronic immunosuppressive
therapy may induce baseline lymphopenia, impair adaptive immune
responses, and delay immune reconstitution following viral infection
(2).

Although numerous studies have described the clinical characteristics
and outcomes of COVID-19 in KTRs, relatively few have specifically
evaluated the prognostic significance of persistent lymphopenia
or the trajectory of lymphocyte recovery during hospitalization in
relation to both patient survival and renal allograft outcomes (2,7-
10). Most previous studies have focused on lymphocyte counts at
hospital admission, whereas the clinical significance of persistent or
worsening lymphopenia throughout hospitalization remains poorly
defined. We therefore hypothesized that failure of lymphocyte
recovery reflects sustained immune dysfunction and may provide
prognostic information beyond a single admission measurement.

Accordingly, the aim of this study was to evaluate whether persistent
or worsening lymphopenia during hospitalization is associated with
adverse clinical outcomes, in-hospital mortality, and 90-day renal
function among KTRs hospitalized with COVID-19.

MATERIALS AND METHODS

Study Design and Population

This retrospective, observational cohort study included adult KTRs
hospitalized with laboratory-confirmed COVID-19 at University
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of Health Sciences Tirkiye, Ankara Bilkent City Hospital Hospital
between March 2020 and January 2022. A COVID-19 diagnosis
was confirmed by positive reverse transcriptase-polymerase chain
reaction testing for severe acute respiratory SARS-CoV-2.

A total of 211 consecutive COVID-19 KTRs were screened. Patients
were excluded if they had active malignancy, pregnancy, severe
chronic lung disease, congenital heart disease, and end-stage kidney
disease requiring maintenance dialysis prior to admission. After
applying the exclusion criteria, 181 patients were included in the
final analysis.

The study protocol was approved by the University of Health Sciences
Turkiye, Ankara City Hospital Clinical Research Ethics Committee no.
1 (approval no: E1-22-2292, date: 12.01.2022). The requirement for
informed consent was waived because of the retrospective nature
of the study.

Definitions

Admission lymphopenia was defined as either (1) an absolute
lymphocyte count (ALC) <1,000 cells/uL at hospital admission or (2)
an ALC accompanied by a decline of more than 50% compared with
the patient’s pre-infection baseline lymphocyte count. Transient
lymphopenia was defined as recovery of the ALC to >1,000 cells/pL
within 10 days after COVID-19 diagnosis.

Persistent lymphopenia was defined as failure of the ALC to recover
above 1,000 cells/uL beyond 10 days after diagnosis or until death, if
death occurred between 7 and 10 days.

Exacerbated lymphopenia was defined as the development of
lymphopenia during hospitalization in patients who did not meet the
admission lymphopenia criteria, with lymphopenia persisting for at
least 7 consecutive days.

Patients who died within the first 7 days of admission were
excluded from the lymphopenia groups. Baseline renal function
was determined using the most recent outpatient serum creatinine
measurement obtained before COVID-19 diagnosis. Renal funcion
loss at 90 days were calculated using nearest serum creatinine
measurement to 90" day (up to 30 days before and after the 90t
day), if available. Estimated glomerular filtration rates (eGFR) were
calculated using the CKD-Epidemiology Collaboration creatinine
equation. A 25% or greater loss in eGFR was considered a loss of at
90 days.

Data Collection

Electronic medical records were reviewed to obtain demographic
characteristics,  transplant-related variables, = comorbidities,
maintenance immunosuppressive therapy, clinical presentation,
laboratory findings at admission and during hospitalization, COVID-
19-specific treatments, oxygen supplementation requirements, ICU
admission, mechanical ventilation, duration of hospitalization, and
in-hospital mortality.

Renal outcomes included the development of AKI, the requirement
for renal replacement therapy, serum creatinine levels, and
eGFR, assessed during hospitalization and follow-up. Changes in
immunosuppressive treatment during hospitalization were also
recorded.
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Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 27.0 (IBM Corp., Armonk, NY, USA). Continuous variables
were assessed for normality using histogram graphs and
Kolmogorov-Smirnov test and presented as mean * standard
deviation. Categorical variables are presented as frequencies and
percentages. Comparisons between groups were performed using
the Independent Samples t-test for normally distributed continuous
variables, the Mann-Whitney U test for non-normally distributed
continuous variables, and the chi-square test or Fisher’s exact test
for categorical variables, as appropriate.

Factors associated with in-hospital mortality were evaluated using
binary logistic regression. Variables considered clinically relevant and
demonstrating an association with mortality in univariate analysis
(p < 0.10) were selected as candidates for multivariable analysis. To
minimize overfitting, the number of variables in the multivariable
model was restricted according to the events-per-variable principle.
Age was included in the multivariable model regardless of its
significance in univariate analysis because of its established clinical
relevance. Variables were checked for multicollinearity using
variance inflation factors (VIF); VIF <2 was considered acceptable.
Variable selection for the final model was performed using
backward-stepwise likelihood-ratio elimination; adjusted odds ratios
(ORs) with 95% confidence intervals (Cls) were reported.

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

RESULTS

A total of 181 KTRs hospitalized with COVID-19 were included in the
analysis. Five patients died before 7t" day of their hospitalization, and
were excluded from lymphopenia groups. Persistent or exacerbated
lymphopenia was observed in 111 (63.1%) patients, whereas 65
(36.9%) patients had transient or no lymphopenia. Patients with
persistent/exacerbated lymphopenia were significantly older than
those without persistent lymphopenia (53.1 + 12.1 vs. 48.6 + 12.4
years, p = 0.018) and had a higher prevalence of hypertension
(76.6% vs. 52.3%, p < 0.001). All patients were on maintenance
immunosuppressive therapy. Baselineimmunosuppressive regimens,
years since transplantation, sex distribution, and the prevalence of
diabetes mellitus and coronary artery disease were comparable
between groups. Symptoms of COVID-19 were comparable between
the lymphopenia groups. Corticosteroid treatment for COVID-19 was
more prevalent among the persistent or exacerbated lymphopenia
group (Table 1).

Baseline renal function was comparable between groups. Patients
with persistent/exacerbated lymphopenia had significantly higher
serum ferritin levels (866.1 £ 901.7 vs. 532.0 + 633.3 ng/mL, p =
0.009), lower ALCs at admission (634.8 + 424.1 vs. 920.5 + 513.4
cells/uL, p < 0.001), and lower monocyte and eosinophil counts. No
significant differences were observed in serum creatinine, estimated
glomerular filtration rate (eGFR), C-reactive protein (CRP), or
baseline lymphocyte counts (Table 2).

Persistent or exacerbated lymphopenia was associated with
significantly worse clinical outcomes. Compared with patients with
transient or no lymphopenia, these patients had higher rates of ICU
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admission (51.4% vs. 18.5%, p < 0.001), invasive or non-invasive
mechanical ventilation (29.7% vs. 9.2%, p = 0.002), intubation (22.5%
vs. 6.2%, p = 0.005), and any respiratory support (84.7% vs. 61.5%,
p < 0.001). Hospital length of stay was also significantly longer (19.1
+ 18.9 vs. 12.2 + 10.2 days, p < 0.001). In-hospital mortality was
markedly higher among patients with persistent or exacerbated
lymphopenia (35.1% vs. 7.7%; p < 0.001). However, 90-day renal
function loss was comparable between the groups (10.4% vs. 10.9%,
p = 1.000) (Table 3).

In univariate logistic regression analysis, hemodialysis requirement,
persistent or exacerbated lymphopenia, corticosteroid therapy
for COVID-19, higher admission levels of CRP, ferritin, and urea,
increased neutrophil count, and older age were significantly
associated with in-hospital mortality. In the multivariable model,
hemodialysis requirement (OR: 29.38, 95% Cl: 6.61-130.64, p <
0.001); persistent/exacerbated lymphopenia (OR: 14.16, 95% Cl:
3.60-55.69, p < 0.001); admission CRP (OR: 1.009 per mg/L increase,

Table 1. Comparison of demographics, comorbidities, baseline
treatments, symptoms, and COVID-19 therapies between the groups.

95% Cl: 1.003-1.015, p = 0.005); and age (OR: 1.044 per year, 95%
Cl: 1.00-1.083, p = 0.023) remained independent predictors of in-
hospital mortality (Table 4).

Table 2. Comparison of laboratory variables between the groups.

Persistent or

Transientorno p

Persistent or Transient p
exacerbated or no

lymphopenia  lymphopenia

(n=111) (n=65)
Age (years) 53.1+12.1 48.6 +12.4 0.018t
Male sex 78 (70.3%) 49 (75.4%) 0.465*
Diabetes mellitus 37 (33.3%) 20 (30.8%) 0.726*
Hypertension 85 (76.6%) 34 (52.3%) <0.001*
Coronary artery disease 24 (21.6%) 13 (20.0%) 0.799*
Years since 7.2+6.07 6.32+4.97 0.42%

transplantation

Baseline immunosuppressive therapies

Corticosteroids 103 (92.8%) 63 (96.9%) 0.327#
Tacrolimus 83 (74.8%) 56 (86.2%) 0.074*
Micofenilat mofetil 81 (73.0%) 54 (83.1%) 0.126*
Everolimus 11 (9.9%) 6(9.2%) 0.883*
Cyclosporin 11 (9.9%) 3 (4.6%) 0.21*
Azathiopurine 8 (7.2%) 2 (3.1%) 0.327#
Sirolimus 4 (3.6%) 3 (4.6%) 0.71#
Admission symptoms

Non-specific 59 (53.2%) 32 (49.2%) 0.615*
Fever 71 (64.0%) 32 (49.2%) 0.056*
Respiratory 79 (71.2%) 38 (58.5%) 0.085*
Gastrointestinal 23 (20.7%) 17 (26.2%) 0.406*
Treatments for COVID-19

Corticosteroids 91 (82.0%) 35 (53.8%) <0.001*
Colchicine 43 (38.7%) 19 (29.2%) 0.203*
Plasmapheresis 3(2.7%) 0 (0.0%) 0.297#
IV-immunoglobulin 3(2.7%) 0 (0.0%) 0.3#

exacerbated lymphopenia

lymphopenia (n=65)

(n=111)
Baseline eGFR (mL/

+ + T
dk/1.73 m?) 58.7+22.2 60.8 £ 18.6 0.558
Admission eGFR
+ + +

(mL/dk/1.73 m?) 49.3+27.1 49.7 £ 20.2 0.9
Urea (mg/dL) 79.9+59.3 72.2+50 0.871%
Creatinine (mg/dL) 1.99+1.34 1.77+£0.89 0.966%
Albumin (g/L) 36.7+6.29 38.3%6.1 0.105%
Ferritin (mg/dL) 866.1 +£901.7 532 £633.3 0.009%
Crreactive protein ) o, 05 74.8 + 76 0.12%
(mg/dL)
White blood cells ;195 7451115 7893.4 448958 0.150%
(/ut)
Neutrophils (/uL) 5916.1 +4946.3 6090.9 + 4625.9 0.569%
Monocytes (/uL) 411.4+323 580+ 987.9 0.032%
Eosinophils (/pL) 29.5+42.1 54.1+76.2 0.033%
Hemoglobin (g/dL) 11.8+2.7 12.5+2.07 0.061*
Platelets (x10°/L) 199.6 + 79.6 223.3+101.9 0.089*
Lymphocytes (/ul)  634.8 +424.1 920.5+513.4  <0.001%
Baseline 1600.8+817.3  1735.6+821.1  0.212%
lymphocytes (/uL)

*: Independent Samples t-test, : Mann-Whitney U test, eGFR: Estimated
glomerular filtration rate.

Table 3. Comparison of clinical outcomes between the groups.

Persistent or Transient p
exacerbated or no

lymphopenia  lymphopenia

(n=111) (n=65)
Mortality 39 (35.1%) 5(7.7%) <0.001*
Mortality time (days) 21.5+17.6 24.4 +14.5 0.591%
Length-of-stay 19.1+18.9 12.2+10.2 <0.001%
Length of ICU stay 17.1+21.6 15+11.8 0.975%
ICU admission 57 (51.4%) 12 (18.5%) <0.001*
Hemodialysis 13 (11.7%) 7 (10.8%) 0.849*
Sz;\:)l function loss (at 90 7 (10.4%) 5 (10.9%) 18
Intubation 25 (22.5%) 4(6.2%) 0.005*
Mechanical ventilation 33 (29.7%) 6(9.2%) 0.002*

Any respiratory support 94 (84.7%) 40 (61.5%) <0.001*

t: Independent Samples t-test, *: Chi-squared test, ¥: Mann-Whitney U test,
#: Fisher’s exact test, COVID-19: Coronavirus disease-2019, IV: Intravenous.

*: Chi-squared test, ¥: Mann-Whitney U test, #: Fisher’s exact test, ICU:
Intensive care unit.
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Table 4. Logistic regression models predicting mortality.

Univariate logistic regression

Multivariate logistic regression

OR (95% ClI) p OR (95% Cl) p

Hemodialysis 13.49 (4.629-39.33) <0.001 29.38 (6.608-130.64) <0.001
P/E lymphopenia 7.333 (2.735-19.67) <0.001 14.16 (3.598-55.69) <0.001
Corticosteroid therapy for COVID-19 2.848 (1.68-4.829) <0.001

CRP at admission 1.009 (1.005-1.014) <0.001 1.009 (1.003-1.015) 0.005
Ferritin at admission 1.001 (1-1.001) <0.001

Neutrophils at admission 1(1-1) <0.001

Urea at admission 1.001 (1-1.002) <0.001

Age 1.048 (1.018-1.079) 0.002 1.044 (1.006-1.083) 0.023

P/E: Persistent or exacerbated, CRP: C-reactive protein, OR: Odds ratio, Cl: Confidence interval, COVID-19: Coronavirus disease-2019.

DISCUSSION

In this retrospective cohort of KTRs hospitalized with COVID-19,
we demonstrated that persistent or exacerbated lymphopenia
was strongly associated with adverse clinical outcomes, including
ICU admission, need for respiratory support, invasive mechanical
ventilation, prolonged hospitalization, and in-hospital mortality.
More importantly, persistent or exacerbated lymphopenia remained
an independent predictor of mortality after adjustment for age,
inflammatory markers, and requirement for hemodialysis. In
contrast, persistent lymphopenia was not associated with loss of
renal function 90 days after infection. Collectively, these findings
suggest that failure of lymphocyte recovery primarily reflects
sustained immune dysfunction and disease severity, rather than
subsequent deterioration of kidney allograft function.

KTRs remain among the most vulnerable populations to severe
COVID-19 because of chronic immunosuppressive therapy, impaired
T-cell-mediated immunity, and a high prevalence of cardiovascular
and metabolic comorbidities. Early reports from international
transplant registries consistently demonstrated markedly higher
rates of hospitalization, ICU admission, and mortality among KTRs
than those in the general population (11-14). Unlike previous studies
that primarily evaluated lymphocyte counts at hospital admission,
our study specifically focused on the longitudinal trajectory of
lymphocyte recovery during hospitalization. This dynamic approach
may better capture persistent immune dysfunction and may explain
why serial lymphocyte assessment provided prognostic information
beyond a single baseline measurement. Although widespread
vaccination, antiviral therapies, and improvements in supportive
care have substantially altered the clinical course of COVID-19, KTRs
continue to experience disproportionately poor outcomes because
vaccine-induced immune responses are frequently attenuated and
protection against emerging viral variants remains incomplete.
Recent evidence further suggests that mortality among KTRs has
remained considerably higher than that of the general population
even during the Delta and Omicron eras, underscoring the continued
importance of accurate risk stratification in this wvulnerable
population (15).

Lymphopenia is hallmark laboratory abnormality observed in
COVID-19 and has consistently been associated with severe
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disease and death in the general population (1,16). Proposed
mechanisms include direct viral injury to lymphocytes, cytokine-
mediated apoptosis, immune exhaustion, impaired lymphopoiesis,
and redistribution of activated lymphocytes into infected tissues
(16,17). Among KTRs, these mechanisms are likely to be amplified
by chronic immunosuppressive therapy, particularly antimetabolites
and corticosteroids, leading to impaired lymphocyte proliferation
and delayed adaptive immune recovery. Consequently, persistent
lymphopenia may identify patients in whom immune recovery
remains inadequate despite resolution of the initial viral insult.

Our findings extend previous observations by demonstrating that
not only lymphopenia at hospital admission but also the persistence
or worsening of lymphopenia throughout hospitalization identify
patients at particularly high risk for death. While admission
lymphocyte counts provide a static assessment of immune status,
serial lymphocyte monitoring more accurately reflects the dynamic
interaction between viral clearance, host immune recovery, systemic
inflammation, and ongoing immunosuppression. Consistent with
this concept, persistent or exacerbated lymphopenia remained
independently associated with mortality after adjustment for
age, CRP, and the requirement for hemodialysis. Moreover, recent
evidence has shown that even early lymphopenia independently
predicts adverse outcomes among hospitalized patients with
COVID-19, supporting the hypothesis that persistent lymphocyte
depletion represents an even stronger indicator of sustained
immune dysfunction (18).

Our findings also suggest that persistent lymphopenia may
represent an integrated biomarker reflecting both disease severity
and inadequate recovery of adaptive immunity in KTRs. During
severe COVID-19, antimetabolite therapy is frequently reduced
or withdrawn temporarily to facilitate immune recovery, whereas
calcineurin inhibitors and corticosteroids are generally individualized
based on clinical status and graft function. Nevertheless, recovery
of lymphocyte counts remains highly variable among transplant
recipients, suggesting that persistent lymphopenia reflects ongoing
immune dysregulation rather than immunosuppressive therapy
alone. Contemporary reviews have similarly emphasized that
balancing the restoration of antiviral immunity with minimizing
the risk of acute rejection remains one of the principal therapeutic
challenges in KTRs with COVID-19 (19).
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Consistent with previous studies, markers of systemic inflammation
were also associated with adverse outcomes in our cohort. Patients
with persistent or exacerbated lymphopenia had significantly
higher ferritin concentrations, whereas elevated CRP on admission
independently predicted mortality. Hyperinflammation and immune
dysregulation are well-recognized features of severe COVID-19
and contribute to endothelial injury, microvascular thrombosis,
and multiorgan dysfunction (1,16,20). The coexistence of elevated
inflammatory markers and persistent lymphopenia likely reflects a
maladaptive immune response characterized by excessive innate
immune activation together with impaired adaptive immunity,
consistent with the cytokine storm paradigm proposed early during
the pandemic (20).

The requirement for hemodialysis emerged as the strongest
independent predictor of mortality in our cohort. AKI is a
common complication of severe COVID-19 and has consistently
been associated with increased mortality (2-6). The underlying
mechanisms are multifactorial and include systemic inflammation,
ischemic tubular injury, endothelial dysfunction, complement
activation, and direct or indirect viral effects on the kidney (3,5,21).
In KTRs, these mechanisms may be further aggravated by pre-existing
allograft dysfunction, calcineurin inhibitor nephrotoxicity, volume
depletion, and modifications of immunosuppressive therapy during
acute illness. Our findings therefore reinforce previous observations
that severe renal impairment requiring kidney replacement therapy
is a robust marker of critical illness and poor prognosis among KTRs.

Study Limitations

This study has several limitations. First, its retrospective single-
center design may have introduced selection bias and limited the
generalizability of our findings to other transplant populations
and healthcare settings. Second, although multivariable analyses
were performed to adjust for clinically relevant covariates, the
observational nature of the study precludes causal inference,
and residual confounding from unmeasured variables cannot be
excluded. Third, the limited number of mortality events may have
reduced the statistical power of multivariable models and increased
the risk of model overfitting, despite adherence to recommended
model-building strategies. Furthermore, lymphocyte subset analysis
was unavailable, preventing the evaluation of whether specific
immune cell populations contributed differentially to the observed
associations. Finally, the relatively small number of renal outcome
events may have limited our ability to detect modest associations
between persistent lymphopenia and subsequent allograft function.

CONCLUSION

Persistent or worsening lymphopenia during hospitalization strongly
and independently predicts in-hospital mortality among KTRs with
COVID-19 and is associated with greater disease severity, increased
respiratory support requirements, and prolonged hospitalization. In
contrast, persistent lymphopenia in our cohort was not associated
with loss of renal function at 90 days, suggesting that sustained
lymphocyte depletion primarily reflects acute immune dysregulation
rather than subsequent allograft deterioration. Because ALCs are
inexpensive, routinely available, and easily and serially monitored,
they may serve as practical adjuncts to conventional inflammatory
and renal biomarkers for early risk stratification in hospitalized KTRs.

Prospective studies with longer follow-up are warranted to validate
these findings and to determine whether therapeutic strategies
aimed at improving immune recovery can translate into better
patient and allograft outcomes.
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ABSTRACT

Objective: The pathogenesis of eosinophilic esophagitis (EOE) is not
fully understood, food allergens are considered the primary triggers.
Nevertheless, the frequent coexistence of EoE with atopic diseases
suggests that aeroallergens may also play an important role in disease
development and exacerbation. The aim of this study was to assess the
relationship between seasonality and disease activity, as determined
by esophageal eosinophil counts and endoscopic findings, in children
with EoE.

Methods: This retrospective cohort study included pediatric patients
diagnosed with EoE who were followed at our center between
January 1, 2010, and June 1, 2026. Demographic, clinical, laboratory,
endoscopic, and histopathological data were retrospectively collected
from the medical records and analyzed. The spring and summer
months were defined as the high-pollen season, whereas the autumn
and winter months were defined as the low-pollen season.

Results: A total of 526 upper gastrointestinal endoscopic examinations
were performed in the 130 patients during the study period. An
accompanying allergic disease was present in 55 patients (42.3%),
whereas 75 patients (57.7%) had no history of allergic disease.
Asthma was the most common allergic comorbidity, affecting 33
patients (25.4%). Compared with the low-pollen season, the high-
pollen season was associated with significantly higher median EREFS
scores [2 (interquartile range [IQR], 0-4) vs. 1 (IQR, 0-3), p =0.012] and
significantly higher median peak histologic eosinophil counts [35 (IQR,
0-71) vs. 25 (IQR, 0-60)] eosinophils per high-power field, p = 0.013).

Oz

Amag: Eozinofilik 6zofajitin (EoE) patogenezi tam olarak aydinlatilamamis
olmakla birlikte, gida alerjenleri hastaligin baslica tetikleyicileri olarak
kabul edilmektedir. Bununla birlikte, EoE’nin atopik hastaliklarla
siklikla birlikte goriilmesi, aeroalerjenlerin de hastaligin gelisimi ve
alevlenmesinde 6nemli bir rol oynayabilecegini disiindiirmektedir. Bu
galismanin amaci, eozinofilik 6zofajitli gocuklarda 6zofagus eozinofil
sayllari ve endoskopik bulgular ile belirlenen hastalik aktivitesi ile
mevsimsellik arasindaki iliskiyi degerlendirmektir.

Yontemler: Bu retrospektif kohort calismasina, 1 Ocak 2010 ile 1
Haziran 2026 tarihleri arasinda merkezimizde izlenen ve EoE tanisi
alan pediatrik hastalar dahil edildi. Demografik, klinik, laboratuvar,
endoskopik ve histopatolojik veriler tibbi kayitlardan geriye doénik
olarak elde edilerek analiz edildi. ilkbahar ve yaz aylari yiiksek polen
sezonu, sonbahar ve kis aylariise disiik polen sezonu olarak tanimlandi.

Bulgular: Calisma dénemi boyunca 130 hastaya toplam 526 Ust
gastrointestinal sistem endoskopisi uygulandi. Hastalarin 55’inde
(%42,3) eslik eden alerjik hastalik bulunurken, 75’inde (%57,7)
alerjik hastalk oykusu yoktu. Astim, 33 hastayr (%25,4) etkileyerek
en sik gorilen alerjik komorbiditeydi. Dusiik polen sezonuyla
karsilastirildiginda, yuksek polen sezonunda medyan EREFS skorlari [2
(ceyreklar arasi aralik [IQR], 0-4) vs. 1 (IQR, 0-3), p = 0,012] ve medyan
pik histolojik eozinofil sayilari [35 (IQR, 0-71) vs. 25 (IQR, 0-60) yiiksek
blylutmeli alandaki eozinofiller, p = 0,013] anlamli olarak daha yiksekti.

Sonug: Bu bulgular, aeroalerjenlerin EoE aktivitesinin mevsimsel
modiilasyonunda potansiyel bir rol oynadigini desteklemekte ve EoE’li
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ABSTRACT

Conclusion: These findings support a potential role for aeroallergens
in the seasonal modulation of EoE activity and suggest that seasonal
aeroallergen exposure should be considered during the clinical follow-
up of pediatric patients with EoE.

Keywords: Eosinophilic esophagitis, pediatric, seasonality, aeroallergens,
endoscopy

0z
pediyatrik hastalarin klinik izlemi sirasinda mevsimsel aeroalerjen
maruziyetinin dikkate alinmasi gerektigini disindirmektedir.

Anahtar Sozciikler: Eozinofilik 6zofajit, pediyatrik, mevsimsellik,
aeroalerjenler, endoskopi

INTRODUCTION

Eosinophilic esophagitis (EoE) is a chronic, immune-mediated
inflammatory disorder of the esophagus characterized by symptoms
of esophageal dysfunction. In children, clinical presentation is age-
dependent and may include feeding difficulties, vomiting, abdominal
pain, dysphagia, food impaction, poor growth, and failure to thrive.
According to the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) guideline, the histological
diagnosis of EoE is established by the presence of a peak eosinophil
count of 215 eosinophils per high-power field (eos/HPF) in
esophageal biopsy specimens in the appropriate clinical setting (1).
Over the past two decades, both the incidence and prevalence of
EoE have increased markedly, particularly in the pediatric population
(2). Although the pathogenesis of EoE is not fully understood, food
allergens are considered the primary triggers. Nevertheless, the
frequent coexistence of EoE with atopic diseases, particularly allergic
rhinitis and asthma, suggests that aeroallergens may also play an
important role in disease development and exacerbation (3). Allergic
comorbidities, including allergic rhinitis, asthma, and urticaria, are
present in approximately 41% of patients with EoE (4). The aim of
this study was to assess the relationship between seasonality and
disease activity, as determined by esophageal eosinophil counts and
endoscopic findings, in children with EoE.

MATERIALS AND METHODS

This retrospective cohort study included pediatric patients
diagnosed with EoE who were followed at the Division of Pediatric
Gastroenterology, Hepatology and Nutrition, Gazi University,
Faculty of Medicine, between January 1, 2010, and June 1, 2026.
Demographic characteristics, clinical features, laboratory findings
(peripheral blood eosinophil percentages obtained within the
one month preceding each endoscopic examination), endoscopic
findings, and histopathological results were retrospectively
extracted from the medical records and analyzed. Because patients
underwent multiple follow-up endoscopic examinations during
the study period, all endoscopic assessments were included in the
analysis and categorized according to the season in which they were
performed, regardless of treatment status. The diagnosis of EOE was
made according to the ESPGHAN guideline after excluding secondary
causes of esophageal eosinophilia, including gastroesophageal
reflux disease, Crohn’s disease, vasculitis, infections, and connective
tissue disorders, and demonstrating a peak eosinophil count of 215
eos/HPF in esophageal biopsy specimens obtained during upper
gastrointestinal endoscopy (1). Biopsy specimens obtained from the
proximal, middle, and distal esophagus were reviewed. The highest
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eosinophil count identified in any biopsy specimen was recorded as
the peak eosinophil count. Endoscopic findings were assessed using
the Eosinophilic Esophagitis Endoscopic Reference Score (EREFS),
which evaluates edema, rings, exudates, furrows, and strictures (5).
Endoscopic examinations were categorized according to the season
in which they were performed: Winter (December-February), spring
(March-May), summer (June-August), and autumn (September-
November). To evaluate the potential effect of aeroallergen
exposure, seasons were dichotomized into a high-pollen season
(spring/summer) and a low-pollen season (autumn/winter),
reflecting the typical pattern of airborne pollen exposure in Turkiye
(6-8). The study protocol was approved by the Ethics Committee of
Gazi University (approval number: 1450; date: July 28, 2026).

Statistical Analysis

Data analysis was undertaken using IBM SPSS Statistics for Windows
(version 22.0; IBM Corp., Armonk, NY, USA). The normality of
continuous variables was evaluated with the Shapiro-Wilk test before
statistical testing. Normally distributed data are presented as mean +
standard deviation, whereas skewed data are summarized as median
and interquartile range (IQR). Categorical variables are reported as
frequencies with corresponding percentages. Comparisons between
the high- and low-pollen seasons were performed using the
independent-samples t-test or the Mann-Whitney U test, according
to data distribution. Associations involving categorical variables
were examined using Pearson’s chi-square test or Fisher’s exact test
when appropriate. Statistical significance was defined as a two-sided
p-value below 0.05.

RESULTS

A total of 130 pediatric patients with EoE were included in the study.
Of these, 96 (73.8%) were male and 34 (26.2%) were female. A
total of 526 upper gastrointestinal endoscopic examinations were
performed in the 130 patients during the study period. The mean
age at the first endoscopic examination was 7.5 + 4.4 years. An
accompanying allergic disease was present in 55 patients (42.3%),
whereas 75 patients (57.7%) had no history of allergic disease.
Asthma was the most common allergic comorbidity, affecting 33
patients (25.4%), followed by food allergy in 12 (9.2%), allergic rhinitis
in 7 (5.4%), and urticaria in 3 (2.3%). At the time of endoscopy, 50.5%
of the patients were asymptomatic. The most common symptoms
were food impaction (16.5%), vomiting (11.6%), dysphagia (9.1%),
abdominal pain (4.3%), prolonged chewing/selective eating
(4.2%), and drinking lots of water with meals (3.3%). The monthly
distribution of the mean endoscopic EREFS scores and mean peak
histologic eosinophil counts is shown in Figure 1.
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Figure 1. Monthly distribution of the mean endoscopic EREFS scores and
mean peak histologic eosinophil counts.

EREFS: Eosinophilic Esophagitis Endoscopic Reference Score.

Both parameters demonstrated a similar temporal pattern, with
higher values during the spring and summer months and lower
values during autumn. When EREFS scores and peak histologic
eosinophil counts were compared across the four seasons, both
parameters were higher during spring and summer than during
autumn and winter; however, these differences did not reach
statistical significance (p = 0.071 and p = 0.086, respectively). In a
prespecified secondary analysis, spring and summer were grouped
as the high-pollen season, whereas autumn and winter were
grouped as the low-pollen season. Compared with the low-pollen
season, the high-pollen season was associated with significantly
higher median EREFS scores [2 (IQR, 0-4) vs. 1 (IQR, 0-3), p = 0.012]
and significantly higher median peak histologic eosinophil counts
[35 (IQR, 0-71) vs. 25 (IQR, 0-60) eos/HPF, p = 0.013]. When the
findings from patients’ initial endoscopies were compared between
the high- and low-pollen seasons, no significant differences were
observed in EREFS scores or peak eosinophil counts (p = 0.600 and
p = 0.847, respectively). However, when follow-up endoscopies
were compared after excluding the patients’ initial endoscopies,
significant differences were observed in both EREFS scores and peak
eosinophil counts (p = 0.005 and p = 0.002, respectively). Similarly,
the median serum eosinophil percentage was significantly higher
during the high-pollen season than during the low-pollen season
[4.6% (IQR, 2.3-6.5) vs. 3.8% (IQR, 2.0-6.3), p = 0.042]. The odds of
active histologic disease (peak eosinophil count 215 eos/HPF) were
significantly higher during the high-pollen season than during the
low-pollen season (odds ratio = 1.66, 95% confidence interval = 1.15-
2.38; p =0.006).

DISCUSSION

In the present study, we demonstrated that EoE activity was
significantly greater during the high-pollen season (spring and
summer) than during the low-pollen season. Patients evaluated
during the high-pollen season had higher endoscopic disease
severity, higher peak histologic eosinophil counts. Although previous
studies have investigated the seasonal variation of EoE, our study
differs from the existing literature in several important aspects.

Unlike many earlier reports focusing solely on newly diagnosed
patients or on individuals presenting with food impaction, our
cohort included both newly diagnosed and follow-up patients,
including those receiving treatment whose symptoms had improved
(9). In our study, no significant seasonal differences in EREFS scores
or peak eosinophil counts were observed at the initial endoscopy,
whereas significant differences emerged in follow-up endoscopies.
This discrepancy may partly be explained by the variable interval
between symptom onset and diagnosis, as patients may undergo
their initial endoscopy at different stages of disease activity. In
addition, follow-up endoscopies may be more frequently performed
in response to treatment assessment, recurrence of symptoms,
or other clinical indications, potentially resulting in a greater
representation of periods of active disease and thereby contributing
to the observed seasonal differences. Furthermore, all data were
derived from a single tertiary referral center with standardized
endoscopic, histopathological, and clinical evaluation, minimizing
concerns regarding heterogeneity that may arise in multicenter or
nationwide database studies.

The etiology and pathogenesis of EoE have not yet been fully
elucidated. Although EoE is primarily considered a food antigen-
driven disease, its frequent coexistence with other atopic conditions
raises the possibility that aeroallergens may also contribute to disease
activity (10). A distinct seasonal pattern has been demonstrated for
asthma exacerbations, with Harju et al. (11) reporting significant
seasonal variation in asthma-related hospitalizations. Similarly,
seasonal allergic rhinitis is well known to peak between April
and June, corresponding to periods of increased airborne pollen
exposure (12). In Turkiye, although regional variations exist,
airborne pollen concentrations are highest during the spring and
summer months (6). Considering these observations, the increased
EoE activity observed during the high-pollen season in our study
supports the hypothesis that aeroallergen exposure may contribute
to the etiopathogenesis and seasonal exacerbation of EoE.

Several studies have previously investigated the seasonal distribution
of EoE. In one of the largest published cohorts, Wang et al. (9)
evaluated 234 patients with newly diagnosed EoE and found that
the number of diagnoses was significantly lower during the winter
months than during the other seasons. Similarly, Watanabe et al.
(13) reported that EoE diagnoses were more frequent during spring
and summer and less common during winter. In a study conducted
in the United States including 79 children with EoE, 45% of patients
were diagnosed during the spring months (14). In addition, several
case reports have described seasonal exacerbations of EoE during
the pollen season in patients with concomitant allergic rhinitis or
asthma (15,16). Our findings are consistent with these previous
observations, demonstrating increased EoE activity during the high-
pollenseason. Froma clinical perspective, these findings suggest that,
particularly in patients with concomitant allergic diseases such as
asthma or allergic rhinitis, withdrawal or step-down of maintenance
therapy may be more appropriately considered after the high-pollen
season rather than during periods of peak aeroallergen exposure.
However, prospective studies are needed to determine whether
such a strategy improves long-term disease control.
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Study Limitations

This study has several limitations. First, its retrospective design may
have resulted in incomplete clinical documentation and limited
the availability of potentially relevant variables, such as detailed
environmental exposure data and individual pollen sensitization
profiles. Second, although our institution is located in Ankara and
most of our patients reside in Ankara, it is a tertiary referral center
that receives patients from many regions of Turkiye. Therefore,
regional differences in pollen calendars and aeroallergen exposure
may have influenced the observed seasonal patterns.Because
the analyses were based on the timing of endoscopy rather than
patients’ geographic residence or region-specific pollen counts,
regional variability in aeroallergen exposure could not be accounted
for. Third, the severity and activity of concomitant allergic diseases,
including asthma and allergic rhinitis, were not systematically
documented at the time of endoscopy. Consequently, the temporal
relationship between seasonal exacerbations of these allergic
diseases and EoE activity could not be directly evaluated. Finally,
due to incomplete treatment-related data in the medical records,
we were unable to perform a detailed comparison of seasonal
disease activity according to specific treatment modalities, such as
elimination diets, proton pump inhibitors, or topical corticosteroids.

CONCLUSION

In conclusion, our study demonstrated that EoE activity was
significantly higher during the high-pollen season in a cohort
including both newly diagnosed and follow-up patients. Increased
endoscopic severity, histologic eosinophilic inflammation, peripheral
eosinophilia, and a higher prevalence of active histologic disease
during spring and summer support a potential role for aeroallergens
in the seasonal modulation of EoE activity. These findings suggest
that seasonal aeroallergen exposure should be considered during
the clinical follow-up of patients with EoE, particularly in those with
concomitant atopic diseases such as asthma or allergic rhinitis.
Prospective multicenter studies incorporating regional pollen
monitoring and allergen sensitization data are warranted to confirm
these observations and to determine whether seasonally tailored
monitoring and treatment strategies can improve disease outcomes.
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ABSTRACT

Objective: To assess the safety and clinical outcomes of combining
percutaneous endoluminal radiofrequency ablation (RFA) with biliary
stenting for malignant biliary obstruction.

Methods: We retrospectively evaluated 37 consecutive patients
treated at a single center between 2013 and 2025 with percutaneous
endoluminal RFA followed by metal stent placement for malignant
biliary obstruction. Technical success, biochemical response,
procedure-related complications, primary stent patency, recurrent
biliary obstruction (RBO), and overall survival were evaluated. The
30-day biochemical analysis was restricted to patients who were alive
at day 30 and had paired bilirubin measurements available. Kaplan-
Meier analysis was used to estimate death-censored primary stent
patency and overall survival, and an additional competing-risk analysis
was performed for RBO with death without prior RBO treated as a
competing event.

Results: Technical success was achieved in all patients (100%). Among
the 24 patients who were alive at day 30 and had paired bilirubin
measurements available, mean total bilirubin decreased from 7.41
+ 5.84 to 2.04 + 1.46 mg/dL and mean direct bilirubin from 5.69 +
4.46 to 1.57 £ 1.15 mg/dL (both p < 0.001). Modified CIRSE Grade 3a
procedure-related complications occurred in three patients (8.1%),
whereas no Grade 4-5 procedure-related complications occurred and
there was no procedure-related mortality (Grade 6). RBO developed in
three of the 35 patients included in the time-to-event analyses (8.6%).
The competing-risk cumulative incidence of RBO was 3.5% at 90 and

0z

Amag: Malign biliyer obstriksiyonu olan hastalarda perkitan
endoliiminal radyofrekans ablasyonun (RFA) biliyer stentleme ile
birlikte kullaniminin gtivenlik ve klinik sonuglarini degerlendirmektir.

Yontemler: Bu retrospektif, tek merkezli ¢alismaya 2013-2025 vyillari
arasinda malign biliyer obstriksiyon nedeniyle perkitan endoliiminal
RFA ve ardindan metal stent yerlestirilmesi uygulanan ardisik 37
hasta dahil edildi. Teknik basari, biyokimyasal yanit, isleme bagl
komplikasyonlar, primer stent agikhigi, reklrren biliyer obstriksiyon
(RBO) ve genel sagkalim degerlendirildi. Otuzuncu giin biyokimyasal
analizi, 30. glinde hayatta olan ve eglestirilmis bilirubin ol¢timleri
bulunan hastalarla sinirlandirildi. Oliimle sansiirlenmis primer stent
acikligi ve genel sagkalim Kaplan-Meier yontemiyle hesaplandi; ayrica,
oncesinde RBO gelismeden gerceklesen 6lim rakip olay kabul edilerek
RBO igin ek bir competing-risk analizi yapildi.

Bulgular: Tum hastalarda teknik basari saglandi (%100). Otuzuncu
gliinde hayatta olan ve egslestirilmis bilirubin ol¢timleri bulunan 24
hastada ortalama total bilirubin diizeyi 7,41 + 5,84 mg/dl'den 2,04 +
1,46 mg/dlye, ortalama direkt bilirubin dizeyi ise 5,69 + 4,46 mg/
dl’den 1,57 + 1,15 mg/dLl’ye disti (her ikisi icin p < 0,001). Ug hastada
(%8,1) modifiye CIRSE Grade 3a isleme bagh komplikasyon gelisirken,
modifiye CIRSE Grade 4-6 isleme bagli komplikasyon veya isleme bagli
mortalite gorilmedi. Zaman-bagimli analizlere dahil edilen 35 hastanin
Uglinde (%8,6) RBO gelisti. Competing-risk analizinde RBO’nun
kiimulatif insidansi 90 ve 180. giinlerde %3,5, 365. giinde ise %8,9
olarak bulundu. Oliimle sansiirlenmis medyan primer stent acikhgi 367
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ABSTRACT

180 days and 8.9% at 365 days. Median death-censored primary stent
patency was 367 days [95% confidence interval (Cl), 181 days to not
estimable], and median overall survival was 95 days (95% Cl, 77-112
days).

Conclusion: Percutaneous biliary drainage followed by endoluminal
RFA and SEMS placement was technically feasible and had an
acceptable safety profile, with biliary decompression observed among
patients evaluable at day 30. The low cumulative incidence of RBO was
encouraging, but the small number of events, substantial competing
mortality, and lack of a control group limit interpretation and prevent
assessment of the independent contribution of RFA.

Keywords: Radiofrequency ablation, stents, cholestasis, extrahepatic,
biliary tract neoplasms, radiology, interventional, survival analysis
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giin [%95 gliven araligi (GA), 181 giin-Ust sinir hesaplanamadi], medyan
genel sagkalim ise 95 gilin (%95 GA, 77-112 giin) olarak bulundu.

Sonug: Perkitan biliyer drenaji takiben endoliiminal RFA ve SEMS
yerlestiriimesi teknik olarak uygulanabilir olup kabul edilebilir bir
guvenlik profiline sahipti; 30. giinde degerlendirilebilen hastalarda
biliyer dekompresyon goézlendi. RBO'nun duslk kimilatif insidansi
umut vericiydi; ancak olay sayisinin azligi, 6limun énemli bir rakip olay
olmasi ve kontrol grubunun bulunmamasi, bulgularin yorumlanmasini
sinirlamakta ve RFA'nin bagimsiz katkisinin degerlendirilmesine olanak
vermemektedir.

Anahtar Sozciikler: Radyofrekans ablasyon, kendiliginden genisleyebilen
metalik stentler, kolestaz, safra yolu neoplazmlari, girisimsel radyoloji,
sagkalim analizi

INTRODUCTION

Malignant biliary obstruction (MBO) can arise from primary biliary
tumors or from primary or metastatic malignancies that involve or
compress the bile ducts. It is a common and clinically important
problem in advanced hepatobiliary and pancreatic malignancies,
in which many patients are not candidates for curative surgical
resection at the time of diagnosis (1).

Progressive MBO may lead to cholangitis, hepatic dysfunction, and
deterioration in quality of life. For these patients, effective biliary
decompression and maintenance of biliary patency are central to
palliative management (1,2). For palliative biliary drainage, self-
expandable metal stents (SEMS) are generally favored over plastic
stents because their larger caliber provides more durable patency
(2). Nevertheless, recurrent biliary obstruction (RBO) remains an
important clinical problem and may result from tumor ingrowth
or overgrowth, epithelial hyperplasia, sludge formation, and other
causes of stent dysfunction (2).

Several adjunctive local therapies have been investigated to improve
biliary drainage and prolong stent patency, including photodynamic
therapy, intraluminal brachytherapy, and endobiliary radiofrequency
ablation (RFA). Endobiliary RFA delivers controlled thermal energy
to malignant tissue within the biliary lumen, producing coagulative
necrosis and local tumor debulking. When combined with biliary
stenting, RFA may contribute to restoration of the biliary lumen and
delay RBO (3-7). Randomized trials and recent meta-analyses have
suggested potential benefits in stent patency and/or overall survival
(0S); however, these benefits have not been consistent across
studies (3-7).

Endobiliary RFA may be delivered through an endoscopic route or by
percutaneous transhepatic access. Despite growing experience with
endobiliary RFA overall, published evidence on its percutaneous
use remains more limited. Early feasibility studies established the
technical applicability of percutaneous intraductal RFA, while more
recent comparative studies have provided additional evidence
regarding its safety and clinical outcomes when combined with
SEMS placement (8-11).

At our institution, percutaneous endoluminal RFA combined with
biliary stenting has been used as a palliative treatment for MBO in
patients who were not candidates for curative surgical resection. We
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therefore aimed to evaluate the safety and clinical outcomes of this
approach in our clinical practice.

MATERIALS AND METHODS

Study Design and Patient Selection

We retrospectively identified consecutive patients treated at our
institution between 2013 and 2025 who had histopathologically
confirmed MBO, were not candidates for curative surgical resection,
and underwent percutaneous endoluminal RFA followed by SEMS
placement. The final study cohort comprised 37 patients.

At our institution, percutaneous endoluminal RFA was not routinely
added to SEMS placement in all patients with unresectable MBO,
and there was no standardized institutional protocol for selecting
patients for adjunctive RFA.

Patients who underwent endoluminal RFA for obstruction of a
previously placed biliary stent without primary stent placement,
including those treated with balloon dilatation alone or balloon
dilatation with additional stent placement, were not included in the
present analysis.

Reporting followed the strengthening the reporting of observational
studies in epidemiology recommendations (12). The study protocol
was reviewed and approved by the Gazi University, Faculty of
Medicine Clinical Research Ethics Committee (approval no: 8, date:
08.05.2026). All study procedures were carried out in accordance
with the principles of the Declaration of Helsinki. All patients had
provided written consent for their interventional treatment. Because
the analysis was retrospective, additional study-specific consent was
waived.

Procedure

Local anesthesia was used for all procedures, with conscious
sedation added when clinically or procedurally required. Before
RFA, percutaneous biliary drainage was performed to achieve
biliary decompression and establish transhepatic biliary access. The
combined RFA and SEMS-placement procedure performed after
initial biliary drainage was defined as the index procedure.

A Habib™ EndoHPB RFA catheter (EMcision Ltd, London, UK)
connected to a compatible radiofrequency generator was advanced
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across the malignant biliary stricture under fluoroscopic guidance.
Radiofrequency energy was delivered at 10 W for 90 s per
application. According to stricture length, the probe was activated
at two treatment levels for lesions measuring <40 mm and at three
treatment levels for lesions >40 mm. At each treatment level, two
consecutive 90-s applications were routinely performed, with
sufficient overlap between adjacent treatment levels to cover the
entire malignant segment and adequately include its proximal
and distal margins. Control cholangiography was then performed;
if luminal improvement at any treated level was considered
inadequate, one or two additional 90-s applications were delivered
at that level. The RFA technique and the 10-W/90-s protocol used
for the index procedure remained unchanged throughout the study
period. Each 90-s period of energy delivery was considered one
individual RFA application. For repeat RFA performed during follow-
up for in-stent obstruction, a power setting of 12 W was used.

Following RFA, a metallic stent (Wallstent®, Boston Scientific, Natick,
MA) was deployed across the treated stricture. Stents measuring 50,
70, or 90 mm in length were used, with length selected according to
the longitudinal extent and anatomical location of the obstruction.
A 10-mm stent diameter was used in patients not requiring
bilateral hilar stenting. In the four patients with hilar obstruction,
8-mm-diameter stents were deployed bilaterally in a side-by-side
configuration through separate right and left transhepatic accesses.
The two stents were positioned across the hilar obstruction and
deployed simultaneously to provide drainage of both hepatic ductal
systems. Stent number and configuration were otherwise selected
according to the extent and anatomical location of the obstruction.

A procedure was considered technically successful when
endoluminal RFA was completed, the intended SEMS configuration
covered the treated stricture by at least 1 cm at both margins, and
final cholangiography confirmed unobstructed contrast passage into
the duodenum. A representative procedural sequence is shown in
Figure 1.

Laboratory Assessment and Follow-up

Serum total and direct bilirubin levels were recorded before biliary
drainage, immediately before RFA and stent placement, and 30 days
after treatment. Early biochemical response at 30 days was assessed
only in patients who were alive at day 30 and had paired pre-ablation
and 30-day bilirubin measurements available. Of the 13 patients not
included in this analysis, 11 died before the 30-day assessment and
2 had no postprocedural follow-up data.

Clinical follow-up was based on available outpatient and hospital
records, laboratory findings, and imaging examinations. Imaging was
performed when clinically indicated, particularly in patients with
suspected RBO.

Complications related to the index procedure were retrospectively
classified according to the modified Cardiovascular and Interventional
Radiological Society of Europe (CIRSE) classification system (13).
Because RFA and SEMS placement were performed as components
of the same treatment procedure, adverse events occurring after the
intervention were not attributed specifically to either RFA or stent
placement. Postprocedural abdominal pain responsive to analgesics
was recorded separately and was not assigned a modified CIRSE
grade. Adverse events occurring before the index procedure and

attributable to the preceding percutaneous biliary drainage were
recorded separately and were not considered procedure-related
complications of the index intervention. Procedure-related mortality
was defined as death attributable to the RFA and/or stent-placement
procedure.

Stent Patency and OS

Primary stent patency was defined as the interval from SEMS
placement to the first episode of RBO. RBO was defined as recurrence
of obstructive symptoms accompanied by cholestatic laboratory
abnormalities and/or imaging evidence of biliary obstruction
requiring reintervention (14,15).

|
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Figure 1. Representative fluoroscopicimages of percutaneous endoluminal
radiofrequency ablation and biliary stent placement for malignant
biliary obstruction. (A) Percutaneous transhepatic cholangiography
demonstrates the level of the common bile duct stricture. (B) The
stricture is crossed with a guidewire. (C) A biliary drainage catheter is
placed during the initial session. (D) During a subsequent session, the RFA
catheter is positioned across the stricture and activated (white arrows).
(E) Post-ablation cholangiography demonstrates increased luminal caliber
at the treated segment before stent placement, consistent with local
tumor debulking (white arrows). (F) Final cholangiography after stent
placement demonstrates stent patency and free passage of contrast into
the duodenum.

RFA: Radiofrequency ablation.
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OS was calculated from the date of the index procedure to death
from any cause or the last known follow-up. Patients for whom no
postprocedural follow-up information was available were considered
lost to follow-up and were excluded from the time-to-event analyses.

Statistical Analysis

Continuous data are reported as mean * standard deviation and
median (range), while categorical data are expressed as number and
percentage.

The distribution of within-patient changes in bilirubin was examined
before paired testing. As these differences were non-normally
distributed, pre-ablation and day-30 bilirubin values were compared
with the Wilcoxon signed-rank test. Statistical significance was set at
a two-sided p < 0.05.

Kaplan-Meier curves were used for analyses of death-censored
primary stent patency and OS. Patients who died without RBO were
censored for the Kaplan-Meier patency analysis on the date of death
(14,15). To account for death as a competing event, the cumulative
incidence function (CIF) of RBO was additionally estimated using the
Aalen-Johansen approach, with death without prior RBO treated
as the competing event. Cumulative RBO incidence was estimated
at predefined clinically relevant time points. Numbers at risk were
displayed at 0, 100, 200, 300, 400, and 500 days below each time-to-
event curve. Medians are presented with 95% confidence intervals (Cls)
when calculable. Follow-up duration was summarized by the reverse
Kaplan-Meier approach. Statistical analyses were performed using
IBM SPSS Statistics, version 23.0 (IBM Corp., Armonk, NY, USA); the CIF
was estimated using the survival package (version 3.7-0) in R software
(version 4.4.1; R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Patient Characteristics

A total of 37 patients underwent percutaneous endoluminal RFA
followed by SEMS placement. The mean age was 66.4 + 11.7 years
(median, 67 years; range, 48-90 years). Twenty-one patients (56.8%)
were female and 16 (43.2%) were male.

Pancreatic carcinoma was the most common underlying malignancy
(24/37, 64.9%), and the common bile duct was the most frequent
level of obstruction (28/37, 75.7%).

The mean length of the malignant biliary stricture was 30.1 + 10.5
mm, with a median of 29 mm (range, 16-59 mm). In lesions extending
separately into the right and left hepatic ductal systems, the lengths
of the involved segments were combined to represent the overall
extent of the stricture. Detailed patient and lesion characteristics are
summarized in Table 1.

Procedural Outcomes

Technical success was achieved in all patients (37/37, 100%). A total
of 213 individual 90-s RFA applications were delivered during the 37
index procedures, corresponding to a mean of 5.8 applications per
patient.

Atotal of 43 SEMS were deployed in 37 patients. Six patients received
two SEMS, including all four patients with hilar obstruction and two
additional patients in whom two stents were required because of
stricture length and location.
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The median interval between initial percutaneous biliary drainage
and the index procedure was 9 days (range, 2-55 days). In 35 of 37
patients, RFA and SEMS placement were performed within 2-15 days
after initial drainage. In one patient, the procedure was delayed to
32 days to allow resolution of a drainage-related subcapsular hepatic
hematoma. In another patient, the interval was 55 days because of
delayed return following an unplanned hospital departure after the
initial drainage procedure. Procedural outcomes are summarized in
Table 2.

Biochemical Outcomes

Both total and direct bilirubin levels had already fallen between
initial biliary drainage and the pre-ablation assessment (Table 2).

Among the 24 patients who were alive at day 30 and had paired
bilirubin measurements available, mean total bilirubin decreased
from 7.41 + 5.84 mg/dL before ablation to 2.04 + 1.46 mg/dL at 30
days. The corresponding median values decreased from 5.48 mg/dL
(range, 0.95-23.90 mg/dL) to 1.85 mg/dL (range, 0.75-7.91 mg/dL;
p < 0.001). Mean direct bilirubin decreased from 5.69 + 4.46 mg/dL
to 1.57 £ 1.15 mg/dL, with corresponding median values decreasing
from 4.13 mg/dL (range, 0.75-17.71 mg/dL) to 1.35 mg/dL (range,
0.57-6.22 mg/dL; p < 0.001).

The remaining 13 patients were not included in the paired
biochemical analysis because 11 died before day 30 and 2 had no
postprocedural follow-up data.

Complications

Postprocedural abdominal pain responsive to analgesic treatment
occurred in 14 patients (37.8%).

Table 1. Patient and lesion characteristics.

Variable Value
Total number of patients 37

Age, years, mean + SD 66.4+11.7
Age, years, median (range) 67 (48-90)
Sex, n (%)

Female 21 (56.8)
Male 16 (43.2)
Underlying malignancy, n (%)

Pancreatic carcinoma 24 (64.9)
Cholangiocarcinoma 6(16.2)
Metastatic malignant biliary involvement 3(8.1)
Gallbladder carcinoma 2 (5.4)
Gastric carcinoma 2 (5.4)
Level of biliary obstruction, n (%)

Common bile duct 28 (75.7)
Common hepatic duct 5(13.5)
Hilar 4(10.8)
Stricture length, mm, mean + SD 30.1+10.5
Stricture length, mm, median (range) 29 (16-59)

Data are shown as mean + standard deviation (SD), median (range), or n (%),
according to variable type.
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Table 2. Procedural, biochemical, and safety outcomes.

Variable Value/mean + SD Median (range) p-value
Procedural outcomes

Technical success, n (%) 37/37 (100)

Total SEMS deployed, n 43

Patients receiving two SEMS, n (%) 6(16.2)

Bilateral SEMS placement for hilar obstruction, n (%) 4(10.8)

Individual 90-s RFA applications, total 213 - -
RFA applications per patient, mean 5.8 - -
Interval from biliary drainage to index RFA/SEMS, days - 9 (2-55) -
Biochemical parameters

Before biliary drainage (n = 37)

Total bilirubin, mg/dL 16.54 +5.91 —

Direct bilirubin, mg/dL 12.76 £ 4.54 —

Before RFA (n =37)

Total bilirubin, mg/dL 8.08 +5.17 —

Direct bilirubin, mg/dL 6.21+3.96 —

Paired 30-day assessment (n = 24)

Total bilirubin, mg/dL <0.001
Pre-ablation 7.41+5.84 5.48 (0.95-23.90)

Day 30 2.04 +1.46 1.85 (0.75-7.91)

Direct bilirubin, mg/dL <0.001
Pre-ablation 5.69 +4.46 4.13 (0.75-17.71)

Day 30 1.57+1.15 1.35 (0.57-6.22)

Safety and reintervention outcomes

Postprocedural abdominal pain responsive to analgesics, n (%) 14 (37.8)

Modified CIRSE Grade 3a procedure-related complications, n (%) 3(8.1)

Cholangitis 2(5.4)

Mild pancreatitis 1(2.7)

Modified CIRSE Grade 4-5 procedure-related complications 0

Procedure-related deaths (modified CIRSE Grade 6) 0

RBO requiring reintervention, n (%) 3/35(8.6)

Data are shown as mean * standard deviation (SD), median (range), or n (%), as appropriate. Paired pre-ablation and day-30 biochemical values were analyzed with
the Wilcoxon signed-rank test. CIRSE: Cardiovascular and Interventional Radiological Society of Europe, RBO: Recurrent biliary obstruction, RFA: Radiofrequency

ablation, SEMS: Self-expandable metal stent.

According to the modified CIRSE classification, Grade 3a procedure-
related complications occurred in three patients (8.1%), comprising
cholangitis in two patients (5.4%) and mild pancreatitis in one patient
(2.7%). Both patients with cholangitis recovered with intravenous
antibiotic therapy, while the patient with pancreatitis recovered
with supportive treatment.

No adverse event with findings suggestive of direct RFA-related
thermal injury was identified. No modified CIRSE Grade 4-5
procedure-related complications occurred, and there was no
procedure-related mortality (Grade 6).

One additional patient developed abdominal pain and a decrease
in hemoglobin level after preprocedural biliary drainage and
before undergoing RFA. Imaging demonstrated a subcapsular

hepatic hematoma, and digital subtraction angiography showed no
active arterial bleeding. The patient recovered with conservative
management, and endoluminal RFA and stent placement were
subsequently performed after resolution of the hematoma. Because
this event occurred after the preceding biliary drainage procedure
and before the index RFA and SEMS-placement procedure, it was
classified as drainage-related rather than as a complication of the
index intervention.

Follow-up, Primary Stent Patency, and OS

Two patients were lost to follow-up immediately after treatment
and were therefore excluded from the time-to-event analyses. The
remaining 35 patients were included in the analyses. The median
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Figure 2. Time-to-event analysis of biliary stent outcomes. (A) Kaplan-Meier estimate of death-censored primary stent patency, with deaths occurring
before RBO treated as censored observations. (B) Cumulative incidence of recurrent biliary obstruction estimated using the Aalen-Johansen approach,
with death without prior RBO treated as a competing event. Numbers at risk at 0, 100, 200, 300, 400, and 500 days are shown below each panel.

RBO: Recurrent biliary obstruction.
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Figure 3. Kaplan-Meier curve showing overall survival after percutaneous
endoluminal radiofrequency ablation and biliary stenting. Numbers at risk
at 0, 100, 200, 300, 400, and 500 days are shown below the curve.

follow-up duration estimated using the reverse Kaplan-Meier
method was 233 days (95% Cl, 113-531 days).

RBO requiring reintervention occurred in three of the 35 patients
(8.6%), at 89, 181, and 367 days after the index procedure.

In the first two patients, RBO was associated with stent dysfunction
due to tumor ingrowth and was successfully managed with repeat
endoluminal RFA at 12 W, followed by balloon dilatation and
intraluminal sweeping. In the third patient, RBO was associated with
stent dysfunction due to tumor ingrowth and overgrowth and was
treated with repeat endoluminal RFA at 12 W, balloon dilatation

560

and intraluminal sweeping, followed by additional SEMS placement,
resulting in restoration of biliary patency.

Among the 35 patients, three experienced RBO, 23 died without a
preceding RBO event, and nine were censored without RBO at their
last available follow-up. In the competing-risk analysis, with death
without prior RBO treated as a competing event, the cumulative
incidence of RBO was 0% at 30 days, 3.5% at 90 days, 3.5% at 180
days, and 8.9% at 365 days.

In the conventional death-censored Kaplan-Meier analysis, median
primary stent patency was 367 days (95% Cl, 181 days to not
estimable). The estimated death-censored primary stent patency
rates at 30, 90, and 180 days were 100%, 94.1%, and 94.1%,
respectively (Figure 2A). The competing-risk cumulative incidence
curve is shown in Figure 2B. Numbers at risk at 0, 100, 200, 300, 400,
and 500 days are displayed below both panels of Figure 2.

Among the 35 patients included in the OS analysis, 23 died during
follow-up. The median OS was 95 days (95% Cl, 77-112 days).
Estimated cumulative survival rates at 30, 90, and 180 days were
68.6%, 55.9%, and 30.5%, respectively (Figure 3). Numbers at risk
at the corresponding time points are displayed below the survival
curve.

DISCUSSION

In this retrospective single-center series, percutaneous endoluminal
RFA followed by SEMS placement was technically successful in all
patients. Among patients evaluable at day 30, serum bilirubin levels
decreased significantly. Modified CIRSE Grade 3a procedure-related
complications occurred in three patients, whereas no modified
CIRSE Grade 4-5 procedure-related complications occurred and
there was no procedure-related mortality (Grade 6). Only three RBO
events were documented during follow-up. The death-censored
Kaplan-Meier median primary stent patency was 367 days, whereas
competing-risk analysis yielded a cumulative RBO incidence of 8.9%
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at 365 days. Median OS was 95 days. All three episodes of RBO were
successfully managed with repeat RFA and adjunctive endobiliary
treatment. Overall, these findings indicate that percutaneous
endoluminal RFA combined with biliary stenting is technically
feasible with an acceptable safety profile, but they also highlight that
local biliary control and overall prognosis remain distinct in patients
with advanced malignancy.

Our 100% technical success rate is in line with previous percutaneous
RFA series (8-11,16-19). Cui et al. (17) reported a technical success
rate of 98% in a retrospective series of 50 patients undergoing
percutaneous intraductal RFA and SEMS placement, whereas
other percutaneous series and comparative studies have similarly
demonstrated high procedural success rates (18,19). Although
available evidence does not establish a technical superiority of
percutaneous over endoscopic RFA, direct transhepatic guidewire-
based access may offer practical technical advantages in selected
patients, particularly in proximal or anatomically complex biliary
obstruction. Comparative studies of biliary drainage have reported
high technical success with percutaneous access, with a potential
advantage over endoscopic access particularly in high-level
biliary obstruction (20-22). These studies address biliary drainage
rather than RFA itself, so they cannot be taken as evidence that
percutaneous RFA is superior to an endoscopic approach. Still, an
established transhepatic tract may facilitate device advancement
and sequential treatment of long or complex strictures in selected
patients. Differences in catheter design, energy-delivery protocols,
stent characteristics, obstruction level, and technical definitions
across studies should be considered when comparing procedural
outcomes.

By day 30, both total and direct bilirubin levels had fallen markedly.
Mean total bilirubin decreased from 7.41 to 2.04 mg/dL, while mean
direct bilirubin decreased from 5.69 to 1.57 mg/dL. These findings
apply only to the 24 patients who were alive at day 30 and had paired
laboratory measurements available and should not be extrapolated
to the entire cohort. Importantly, bilirubin had already declined
after the initial biliary drainage and before RFA. The median interval
between drainage and RFA/SEMS placement was 9 days, with most
procedures performed within 2-15 days; therefore, the pre-RFA
bilirubin values reflect the effect of drainage over this interval.
The subsequent biochemical improvement therefore cannot be
attributed to RFA alone. RFA-induced coagulative necrosis and local
tumor debulking may nevertheless help enlarge the effective biliary
lumen before stent deployment and may subsequently contribute
to maintenance of luminal caliber and biliary patency (9,23,24).
Without a stent-only control group, however, the additional effect of
RFA cannot be separated from that of drainage and stenting.

Primary stent patency is one of the most clinically relevant outcomes
after endobiliary RFA because tumor ingrowth and overgrowth
remain important causes of RBO after SEMS placement. Only
three RBO events occurred in the present cohort, yielding a death-
censored Kaplan-Meier median primary stent patency of 367 days.
The estimated median primary stent patency was numerically longer
than that reported in several previous percutaneous series. Cui et al.
(17) reported a median stent patency of approximately 7 monthsin a
single-center percutaneous series, while the more recent propensity
score-matched study by Cui et al. (9) reported a median primary

stent patency of 8.5 months after percutaneous RFA and stenting
compared with 5.1 months after stenting alone. Other contemporary
comparative studies and meta-analyses have reported mixed results
regarding the effect of RFA on stent patency (18,25-28).

Because a substantial proportion of patients died before
experiencing RBO, death represented an important competing event
in the evaluation of biliary patency. The competing-risk analysis
demonstrated cumulative RBO incidences of 3.5% at 90 and 180
days and 8.9% at 365 days. In contrast, the conventional Kaplan-
Meier analysis treats deaths without RBO as censored observations
and should therefore be interpreted specifically as death-censored
primary stent patency. The divergence between the death-
censored Kaplan-Meier estimate and the competing-risk cumulative
incidence highlights the substantial impact of competing mortality
on interpretation of stent outcomes in this advanced oncologic
population.

The 367-day death-censored patency estimate should not, however,
be overinterpreted. Only three RBO events occurred, and the upper
limit of the 95% Cl could not be estimated. Many patients died
before a documented episode of RBO. The low number of RBO
events is encouraging, but it also makes the late patency estimate
imprecise. Direct comparisons with other studies are further
complicated by differences in underlying malignancy, obstruction
level, stent characteristics, definitions of RBO, follow-up, and the
handling of death before RBO. Randomized trials and meta-analyses
have likewise not shown a consistent effect of RFA on stent patency
(3,4,7,27,28). Thus, the relatively long patency observed in some
patients is encouraging, but our data cannot determine whether RFA
provides additional benefit over SEMS placement alone.

The three episodes of RBO also provide practical information
regarding reintervention. In each case, RBO was associated with
stent dysfunction caused by tumor ingrowth, with additional
tumor overgrowth in one patient. Repeat RFA at 12 W with balloon
dilatation and intraluminal sweeping restored patency in the first
two patients, while the third required an additional SEMS. This
experience suggests that repeat intraductal RFA can be incorporated
into the management of malignant stent dysfunction. Park et al.
(29), in a multicenter propensity score-matched study, reported
favorable time to RBO after in-stent RFA followed by uncovered
SEMS placement for tumor ingrowth or overgrowth causing SEMS
occlusion. Although our experience is limited to three cases, biliary
drainage was restored in each, suggesting that repeat RFA may
be a useful option when local tumor progression compromises an
existing SEMS.

From a safety standpoint, the findings were also favorable. Abdominal
pain responsive to analgesics was the most frequent postprocedural
adverse event. The modified CIRSE Grade 3a procedure-related
complications consisted of two cases of cholangitis and one case of
mild pancreatitis, all of which resolved without permanent sequelae.
Because RFA and SEMS placement were components of the same
index intervention, these events could not be reliably attributed
to either component individually. No adverse event with findings
suggestive of direct RFA-related thermal injury was identified, and no
modified CIRSE Grade 4-5 procedure-related complications occurred,
and there was no procedure-related mortality (Grade 6). Previous
studies and contemporary reviews have reported abdominal pain,
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cholangitis, cholecystitis, pancreatitis, and, less frequently, biliary
injury among adverse events associated with endobiliary RFA,
although reported rates vary according to access route, device,
ablation protocol, and complication definition (7,23,24). The
subcapsular hepatic hematoma observed in one patient occurred
after the preceding percutaneous biliary drainage procedure and
before RFA and was accordingly considered a drainage-related event
rather than a complication of the index RFA/SEMS intervention.

In contrast to the relatively long estimated stent patency, median
OS was only 95 days and was shorter than that reported in several
previous percutaneous RFA series (9,17-19). Survival in MBO is
influenced by much more than local biliary control, including the
biology and extent of the underlying malignancy, performance status,
metastatic burden, and access to effective systemic treatment. The
predominance of pancreatic carcinoma in our cohort may partly
explain the difference from studies composed mainly of patients
with cholangiocarcinoma. In the absence of a stent-only control
group, our survival data also cannot be used to infer an effect of
RFA on OS.

This difference between local control and survival makes patient
selection particularly important. The benefit of improved local
tumor control or prolonged stent patency is most likely to matter in
patients expected to survive long enough to benefit from sustained
biliary drainage. For patients with very limited life expectancy, adding
an ablative procedure to stenting may offer less clinical value. This
concept is supported by recent comparative data demonstrating an
association between performance status and OS after treatment for
MBO (9). Performance status, disease extent, anticipated survival,
and the feasibility of subsequent systemic therapy may therefore
all be relevant when considering RFA in addition to stenting. Future
studies should focus not only on whether RFA improves biliary
outcomes, but also on which patients are most likely to benefit from
adding it to stenting.

The broader evidence on survival remains mixed. Several
comparative studies and meta-analyses have suggested improved
OS with RFA plus stenting (9,27,28), whereas individual randomized
trials have reported variable results (3-5). A recent meta-analysis
restricted to randomized trials suggested an OS benefit but did
not demonstrate a significant improvement in stent patency (7).
Differences in tumor type and location, RFA technique, stent choice,
systemic treatment, and patient selection probably contribute to
these inconsistent findings. Our survival results should therefore be
viewed as descriptive of this cohort rather than as evidence for or
against a survival benefit from RFA.

One practical strength of this series is the relatively uniform
treatment strategy: All included patients underwent primary
percutaneous endoluminal RFA followed by SEMS placement. Within
the overall pathway of initial biliary drainage followed by RFA and
SEMS placement, the procedure achieved high technical success,
substantial biochemical improvement among evaluable patients, an
acceptable safety profile, and relatively few documented episodes of
RBO. Larger prospective, preferably multicenter, controlled studies
are needed to determine the incremental value of percutaneous
endoluminal RFA over stenting alone and to identify the patients
most likely to benefit from durable local biliary control.
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Study Limitations

This study has several limitations. Its retrospective, single-center
design and small sample size introduce potential selection bias
and limit generalizability. The heterogeneity of the underlying
malignancies, with pancreatic carcinoma predominating, may also
have influenced patency and survival outcomes. RFA was not applied
according to a predefined selection algorithm, and its use varied
during the study period, creating an additional potential source of
treatment-selection bias. Without a contemporaneous stent-only
control group, the independent contribution of RFA to biochemical
response, primary stent patency, or survival cannot be determined.
The 30-day biochemical analysis was limited to 24 surviving patients
with paired measurements, while variation in the interval between
biliary drainage and RFA/SEMS placement may have influenced
bilirubin changes. Although death was accounted for as a competing
event in an additional cumulative-incidence analysis, only three RBO
events occurred, and the limited number of patients remaining at
risk at later time points reduced the precision of both the competing-
risk and death-censored Kaplan-Meier estimates. Finally, the study
was not designed to identify predictors of early mortality or optimal
patient-selection criteria, and changes in systemic oncologic and
supportive care over the long study period may have influenced
survival.

CONCLUSION

In conclusion, the overall percutaneous treatment strategy,
including initial biliary drainage followed by endoluminal RFA and
SEMS placement, was technically feasible and was associated with
effective biliary decompression and an acceptable safety profile in
patients with MBO who were not candidates for curative surgical
resection. Because biliary drainage preceded RFA in all patients,
the observed biochemical improvement cannot be attributed to
RFA alone. However, the local coagulative necrosis and tumor-
debulking effect of RFA may provide an adjunctive contribution to
maintaining the biliary lumen and prolonging patency after initial
decompression. The magnitude of this independent contribution
cannot be established in the absence of a control group. The
observed primary stent patency was encouraging, but the small
number of RBO events and limited OS in this advanced oncologic
population require cautious interpretation. Patient selection is likely
to be important in determining the clinical value of this treatment.
Prospective comparative studies should clarify both the added
benefit of RFA and which patients are most likely to benefit from
its use.
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ABSTRACT

Objective: Maternal-infant bonding is central to postpartum
psychological adaptation, and breastfeeding-related difficulties
may adversely affect maternal emotional well-being and bonding.
This study investigated the association between regular postpartum
breastfeeding counseling and maternal-infant bonding during the
second postpartum month.

Methods: In this single-center analytical observational study, 103
postpartum women were evaluated at 60 + 7 days after delivery and
grouped according to whether they received regular breastfeeding
counseling during the first postpartum week. Maternal-infant bonding
was assessed with the validated Turkish version of the Mother-to-
infant bonding scale (MIBS). Groups were compared using Student’s
t-test and the chi-square test, and multivariable linear regression
evaluated the independent association between regular counseling
and total MIBS scores.

Results: Overall, 44 (42.7%) participants received regular counseling
and 59 (57.3%) did not. Those who received counseling had significantly
lower total MIBS scores (2.30 £ 2.15 vs. 6.39 * 2.43; p < 0.001), with
significant differences also across several exploratory item scores (all
p < 0.01). In multivariable regression, regular counseling remained
independently associated with lower total MIBS scores [[3 =-4.51, 95%
confidence interval (Cl): -5.43 to -3.58; p < 0.001], as did employment
status (f = 1.30, 95% Cl: 0.29-2.32; p = 0.012).

Conclusion: Regular postpartum breastfeeding counseling was
associated with more favorable maternal-infant bonding during

6z

Amag: Anne-bebek baglanmasi, postpartum donemde psikolojik
uyumun temel unsurlarindan biridir. Emzirmeyle iligkili gtglukler,
annenin duygusal iyilik halini ve anne-bebek baglanmasini olumsuz
etkileyebilir. Bu galismada, dizenli postpartum emzirme danismanligi
ile postpartum ikinci ayda anne-bebek baglanmasi arasindaki iliski
arastiriimistir.

Yontemler: Tek merkezli, analitik ve gbzlemsel nitelikteki bu ¢alismada,
dogum sonrasi 60 + 7. glinde 103 kadin degerlendirilmis ve postpartum
ilk hafta boyunca dizenli emzirme danismanhg alip almamalarina
gore gruplandirilmistir.  Anne-bebek baglanmasi, anne-bebek
baglanma olgeginin (MIBS) gegerliligi dogrulanmis Tiirkge versiyonu
kullanilarak degerlendirilmistir. Gruplar Student’s t-testi ve ki-kare
testi ile karsilastinimig; dizenli danismanlik ile toplam MIBS puanlari
arasindaki bagimsiz iliski cok degiskenli dogrusal regresyon analiziyle
incelenmistir.

Bulgular: Katimcilarin 44’G (%42,7) duzenli emzirme danismanhgi
alirken, 59’u (%57,3) almamistir. Danismanhk alan grupta toplam
MIBS puanlari anlamh dizeyde daha disik bulunmustur (2,30 +
2,15’e karsl 6,39 + 2,43; p < 0,001). Kesifsel olarak degerlendirilen bazi
Olcek maddelerinin puanlarinda da anlamh farkliliklar saptanmistir
(timlnde p<0,01). Cok degiskenli regresyon analizinde, duzenli
emzirme danismanligl daha distik toplam MIBS puanlariyla bagimsiz
olarak iligkili bulunmustur [B = -4,51; %95 gliven araligl (GA): -5,43
ile -3,58; p < 0,001]. Benzer sekilde, galisma durumu da toplam MIBS
puanlariyla bagimsiz olarak iligkili bulunmustur (f = 1,30; %95 GA:
0,29-2,32; p=0,012).
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ABSTRACT

the second postpartum month. Given the observational design,
this represents an association rather than a causal relationship, and
randomized prospective studies are warranted to confirm it.

Keywords: Maternal-infant bonding, breastfeeding counseling,
postpartum period, mother-to-infant bonding scale, maternal
psychological adaptation

0z

Sonug: Dizenli postpartum emzirme danismanligi, postpartum ikinci
ayda daha olumlu anne-bebek baglanmasiyla iliskili bulunmustur.
Galismanin gozlemsel tasarimi nedeniyle bu bulgu nedensel bir
iliskiden ziyade bir iligskiyi gostermektedir. Bulgularin dogrulanmasi igin
randomize prospektif calismalara ihtiyag vardir.

Anahtar Sozciikler: Anne-bebek baglanmasi, emzirme danismanligi,
postpartum donem, anne-bebek baglanma 6lgegi, maternal psikolojik
uyum

INTRODUCTION

Maternal-infant bonding is a dynamic process that describes
the emotional connection developed by a mother toward her
infant. This bond begins during the prenatal period and continues
throughout the child’s life (1). A strong maternal-infant bond
constitutes the foundation of the child’s social, emotional, and
cognitive development, facilitates maternal adaptation to the
motherhood role, and contributes to the development of parenting
skills (1,2). Positive bonding has also been shown to positively
influence children’s social skills during the preschool period (2). In
contrast, impaired bonding has been associated with psychosocial
problems, weakened parent-child relationships, and an increased
risk of depression and anxiety later in life (3).

Maternal-infant bonding may be influenced by several biological,
psychological, and social factors. Unplanned pregnancy, high parity,
lack of social support, maternal stress, and postpartum depression
have all been reported to negatively affect bonding levels (4-6).
In addition, the childbirth process, postpartum pain severity, and
maternal satisfaction with the birth experience may play important
roles in postpartum psychological adjustment (7,8). Breastfeeding
is considered one of the earliest and strongest forms of interaction
between the mother and infant. However, difficulties experienced
during breastfeeding may lead to stress, anxiety, and feelings of
inadequacy in mothers, and mothers experiencing breastfeeding
difficulties have been reported to exhibit lower bonding scores (3).
Postpartum depression is also recognized as a major factor adversely
affecting maternal-infant bonding (4-6).

Regular breastfeeding counseling may be associated with more
positive maternal-infant bonding during the postpartum period by
improving mothers’ breastfeeding skills and self-confidence. Previous
studies have demonstrated the beneficial effects of professional
support and counseling on the childbirth experience (9). However,
the number of studies investigating the association between
regular breastfeeding counseling and maternal-infant bonding
remains limited. To our knowledge, few studies have specifically
evaluated this association using a validated maternal-infant bonding
instrument in a routine postpartum care setting. Therefore, the
present study aimed to compare maternal-infant bonding levels
between mothers who received regular breastfeeding counseling
during the postpartum period and those who did not.

MATERIALS AND METHODS

This single-center, analytical, observational study was conducted
at the Zahide Kiiglik Gynecology and Obstetrics Clinic. Women
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receiving antenatal care at our institution who were eligible for
follow-up were consecutively considered for enrollment. A total of
127 eligible pregnant women were initially enrolled. Twenty-four
women were excluded from the final analysis: 8 delivered at another
hospital because of relocation or other personal reasons, and 16
were excluded because of a history of stillbirth or neonatal death,
a major congenital anomaly in the newborn, prolonged neonatal
intensive care unit hospitalization (e.g., >7 days), severe maternal
postpartum complications requiring intensive care, psychiatric
illness, or diagnosed postpartum depression. Consequently, 103
postpartum women completed the study and were included in the
final analysis (Figure 1).

All psychometric assessments were performed at a single time point
during the second postpartum month. Following written informed
consent, sociodemographic characteristics including maternal age,
educational status, employment status, marital status, perceived
income level, and smoking status were recorded. Obstetric and
neonatal variables included parity, whether the pregnancy was
planned, gestational age, mode of delivery, presence of episiotomy/
perineal trauma, birth weight, infant sex, postpartum complications,
and neonatal hospitalization history.

e ~

Pregnant women assessed for eligibility
and initially enrolled during antenatal follow-up
(n=127)

Excluded from final analysis (n = 24)
Unable to attend scheduled breastfeeding counseling sessions (n = 16)
Delivered at another hospital due to relocation or other reasons (n =8)

|\ 1 S/

|

Postpartum women included in the final analysis
(n =103)

Regular breastfeeding counseling
(n = 44)

o regular breastfeeding counselin
(n=59)

Figure 1. Participant flow diagram.
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Maternal-infant bonding was assessed using the Turkish version of
the mother-to-infant bonding scale (MIBS). The MIBS is an eight-
item self-report questionnaire scored on a four-point Likert scale,
with a total score range of 0-24 (10). The Turkish adaptation and
psychometric validation of the scale were previously performed by
Aydemir and Alparslan (11), demonstrating acceptable validity and
reliability for assessing maternal-infant bonding in Turkish mothers.
Lower total MIBS scores indicate more favorable maternal-infant
bonding. In addition to the total MIBS score, individual MIBS item
scores were evaluated descriptively.

Regular breastfeeding counseling consisted of a standardized
postpartum breastfeeding education and support program
delivered face-to-face by the same experienced breastfeeding
nurse. Counseling was provided in three scheduled sessions during
the first postpartum week, each lasting approximately 20 minutes.
The educational content was standardized and included appropriate
breastfeeding positioning, correct infant latch and holding
techniques, breast care, prevention and management of common
breastfeeding problems, and individualized responses to maternal
questions and breastfeeding-related concerns.

Women aged 18 years or older who were able to read and understand
Turkish, had undergone singleton live vaginal delivery, were within
postpartum days 53-67 at the time of assessment, and provided
written informed consent were included in the study. Women with a
history of stillbirth or neonatal death, major congenital anomalies in
the newborn, prolonged neonatal intensive care unit hospitalization
(e.g., >7 days), severe maternal postpartum complications requiring
intensive care, psychiatric illness, or diagnosed postpartum
depression were excluded. Women with documented postpartum
depression based on medical records or clinical psychiatric evaluation
were excluded; however, no standardized screening instrument such
as the Edinburgh postnatal depression scale was administered as
part of the study protocol. In addition, women with active psychotic
disorder, bipolar disorder, cognitive impairment interfering with
reliable questionnaire completion, inability to establish effective
communication, or refusal to complete the questionnaires were also
excluded. All participant data were anonymized prior to analysis.
No identifiable personal information was included in the study
database, and all data were securely stored with access restricted
exclusively to the research team.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 17.0 (IBM Corp., Armonk, NY, USA). Continuous variables
were expressed as mean * standard deviation, whereas categorical
variables were presented as numbers and percentages. The
distribution of continuous variables was assessed before analysis
using visual inspection and normality testing. Comparisons between
groups were performed using Student’s t-test for continuous variables
and the chi-square test for categorical variables, as appropriate. A
multivariable linear regression model was constructed to evaluate
the independent association between regular breastfeeding
counseling and total MIBS score. Variables considered clinically
relevant or showing significant between-group differences were
included in the multivariable model. Regression model assumptions,
including multicollinearity, residual distribution, linearity, and
homoscedasticity, were evaluated. Analyses of individual MIBS items

were considered exploratory; therefore, no formal adjustment for
multiple comparisons was applied, and these findings should be
interpreted cautiously. A post-hoc power analysis was performed
using G*Power version 3.1.9.7 (Heinrich Heine University, Disseldorf,
Germany) for the primary outcome, namely the difference in total
MIBS scores between the counseling and non-counseling groups.
Based on the observed effect size (Cohen’s d = 1.78), the final group
sizes (44 and 59 participants), and a two-sided significance level
of 0.05, the achieved statistical power exceeded 99.9%. Statistical
significance was defined as a two-sided p-value <0.05.

Ethical Approval

The study was approved by the University of Health Sciences
Turkiye, Ankara Bilkent City Hospital Clinical Research Ethics
Committee (approval no: TABED 1-26-2584; date: 22 April 2026) and
was conducted in accordance with the principles of the Declaration
of Helsinki. Written informed consent was obtained from all
participants included in the study.

RESULTS

A total of 127 eligible pregnant women were initially enrolled
in the study. After exclusion of 24 women (8 who delivered at
another hospital and 16 who met one or more predefined exclusion
criteria), 103 postpartum women were included in the final analysis.
Participant selection and study flow are summarized in Figure 1.

Of the 103 participants, 44 (42.7%) received regular breastfeeding
counseling, whereas 59 (57.3%) did not. The demographic and
obstetric characteristics of the participants are presented in Table
1. No significant differences were observed between the groups
regarding maternal age (31.84 + 4.03 vs. 30.58 + 4.02 years,
respectively; p = 0.118) or gestational age at delivery (37.85 + 1.86
vs. 38.44 + 1.66 weeks; p = 0.344). Similarly, birth weights were
comparable between the groups (3310 + 250 g vs. 3231+437 g; p =
0.296). The distribution of infant sex also did not differ significantly
between the groups (p = 0.771). However, significant differences
were identified with respect to educational status and employment
status. Mothers who received regular breastfeeding counseling had
higher educational attainment and were more frequently actively
employed compared with those who did not receive counseling
(p = 0.021 and p = 0.014, respectively). In contrast, perceived
income level, smoking status, planned pregnancy, and neonatal
hospitalization history were comparable between the groups (all
p > 0.05). The most commonly reported postpartum complaints
included breastfeeding-related problems, pain, and suture-related
discomfort. Breastfeeding problems were reported significantly
more frequently among mothers who did not receive regular
breastfeeding counseling (p < 0.001).

Total MIBS scores and individual item scores are presented in Table
2. Mothers who did not receive regular breastfeeding counseling
had significantly higher total MIBS scores compared with those who
received counseling (6.39 + 2.43 vs. 2.30 + 2.15, respectively; p <
0.001).

Exploratory analysis of individual MIBS items demonstrated that
mothers receiving regular breastfeeding counseling had significantly
lower scores in items assessing loving feelings, anger, neutral
feelings, joyfulness, disappointment, and irritability (all p < 0.01). In
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Table 1. Comparison of demographic and clinical characteristics
according to regular breastfeeding counseling status.

Table 2. Comparison of MIBS scores according to regular breastfeeding
counseling status.

Variable Regular No regular p
counseling counseling
(n=44) (n=59)
Age (years) 31.84+4.03 30.58+4.02 0.118
Parity 1.77 £0.80 2.20+1.11 0.024
Gestational week 37.85+1.86 38.44+1.66 0.344
Birth weight (g) 3310 + 250 3231 +437 0.296
Female infant sex 23 (52.3%) 33 (55.9%) 0.771
Smoking 4(9.1%) 6 (10.2%) 0.385
Planned pregnancy 35 (79.5%) 45 (76.3%) 0.462
Neonatal hospitalization 8 (18.2%) 11 (18.6%) 0.892
Educational status 0.021
Primary school 1(2.3%) 1(1.7%)
Secondary school 1(2.3%) 8 (13.6%)
High school 8 (18.2%) 18 (30.5%)
University 25 (56.8%) 29 (49.2%)
Master’s degree 9 (20.5%) 3(5.1%)
Employment status 0.014
Unemployed 22 (50.0%) 47 (79.7%)
Employed 21 (47.7%) 12 (20.3%)
Other 1(2.3%) 0(0.0%)
Income perception 0.512
Income lower than expenses 1 (2.3%) 3(5.1%)

Income equal to expenses 32 (72.7%)

Income higher than expenses 11 (25.0%)

42 (71.2%)
14 (23.7%)

Most common postpartum

complaint

Breastfeeding problems 14 (31.8%) 52 (88.1%) <0.001
Pain 15(34.1%) 6 (10.2%) <0.001
Suture-related complaints 12 (27.3%) 0 (0.0%) <0.001

Data are presented as mean + standard deviation or n (%). Participants were
allowed to select more than one postpartum complaint.

contrast, no significant between-group differences were observed
for the items related to dislike and protectiveness.

In multivariable linear regression analysis (Table 3), regular
breastfeeding counseling remained independently associated with
lower total MIBS scores [ = -4.51, 95% confidence interval (Cl):
-5.43 to -3.58; p < 0.001].

Employment status was also independently associated with total
MIBS scores (8 = 1.30, 95% Cl: 0.29-2.32; p = 0.012). In contrast,
maternal age, parity, educational status, planned pregnancy, and
smoking status were not significantly associated with total MIBS
scores. Figure 2 presents the distribution of total MIBS scores
according to study groups using boxplot analysis. Mothers who
received regular breastfeeding counseling demonstrated lower
median MIBS scores and a more homogeneous score distribution.
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Score No regular Regular p
counseling counseling

Total MIBS score 6.39+2.43 2.30+2.15 <0.001
MIBS item 1 (Loving) 0.73+0.52 0.11+0.32 <0.001
MIBS item 2 (Angry) 0.97+0.59 0.45+0.50 <0.001
MIBS item 3 (Neutral) 0.73+0.45 0.18+0.45 <0.001
MIBS item 4 (Joyful) 0.69+0.77 0.32+0.52 0.004
MIBS item 5 (Dislike) 0.17+0.50 0.05+0.30 0.120
MIBS item 6 (Protective) 0.15+0.48 0.14+0.35 0.844
MIBS item 7 (Disappointment) 1.31+0.68 0.41+0.73 <0.001
MIBS item 8 (Irritable) 1.66+0.82 0.66+0.64 <0.001

Data are presented as mean * standard deviation. Individual item analyses
were exploratory. MIBS: Mother-to-infant bonding scale.

Table 3. Multivariable linear regression analysis of independent
variables associated with total MIBS score.

Variable B 95% CI p

Regular breastfeeding counseling  -4.51 -5.43t0-3.58 <0.001

Age 0.03 -0.09 to 0.15 0.590
Parity 0.16 -0.38t0 0.69 0.567
Educational status -0.12 -0.73t0 0.49 0.700
Employment status 1.30 0.29t0 2.32 0.012
Planned pregnancy -0.46 -1.49to0 0.57 0.375
Smoking 0.19 -1.26 to 1.65 0.792

Model: R? = 0.527, adjusted R? = 0.492, model p < 0.001. Cl: Confidence
interval, MIBS: Mother-to-infant bonding scale.

Total MIBS Scores by Counseling Status

p < 0.001
- o
10 A
© 81 o
§ o
n 61
Q
=
8 41
k]
2 = —
0 - o)
No regular Regular
counseling counseling

Breastfeeding counseling status

Figure 2. Boxplot distribution of total mother-to-infant bonding scale
(MIBS) scores according to regular breastfeeding counseling status.
Mothers who received regular breastfeeding counseling demonstrated
lower median MIBS scores compared with mothers who did not receive
counseling (p < 0.001). Lower MIBS scores indicate more favorable
maternal-infant bonding.
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DISCUSSION

The principal finding of the present study is that regular postpartum
breastfeeding counseling was associated with significantly lower
MIBS scores, suggesting more favorable maternal-infant bonding
during the second postpartum month. Given that lower MIBS scores
reflect stronger maternal bonding, these findings are consistent
with more favorable maternal-infant bonding and suggest that
regular breastfeeding counseling may be associated not only with
breastfeeding practices but also with the emotional relationship
established between the mother and her infant. However, given
the observational design, these findings should be interpreted as an
association rather than as evidence of a causal effect.

One of the methodological strengths of this study is the use of
multivariable linear regression analysis. Even after adjustment for
potential confounding variables including maternal age, parity,
educational status, employment status, planned pregnancy,
and smoking status, regular breastfeeding counseling remained
independently associated with lower total MIBS
Nevertheless, the observational design also raises the possibility
of reverse causation. Mothers with greater motivation, stronger
early maternal attachment, or higher engagement with healthcare
services may have been more likely to participate in regular
breastfeeding counseling. Consequently, the observed association
may partially reflect baseline participant characteristics rather than
the counseling intervention alone.

scores.

Breastfeeding-related difficulties are known to contribute
to maternal stress, anxiety, and feelings of inadequacy. The
breastfeeding self-efficacy model proposed by Dennis (12)
demonstrated that breastfeeding success is closely associated with
maternal psychological confidence and emotional adjustment.
Similarly, Qi et al. (6) reported that parenting self-efficacy mediates
the relationship between postpartum depression and maternal
bonding. In our cohort, breastfeeding-related problems were
substantially more frequent among mothers who did not receive
regular counseling (88.1% vs. 31.8%), supporting the hypothesis that
breastfeeding counseling may be associated with benefits extending
beyond technical education by enhancing maternal confidence and
reducing emotional distress during the postpartum period.

Recent interventional studies have further demonstrated the
beneficial effects of professional breastfeeding support on
breastfeeding behaviors and maternal adaptation. In a randomized
controlled trial conducted by Sonmez et al. (13), hybrid breastfeeding
counseling significantly improved maternal breastfeeding behaviors
and breastfeeding success. Our findings are consistent with these
observations and additionally suggest that regular counseling
may be associated with more favorable maternal-infant bonding.
Although individual MIBS items were analyzed descriptively to
better characterize maternal emotional responses, the scale was
originally developed as a global measure of maternal-infant bonding
rather than as a set of independent psychometric subdomains.
Therefore, findings related to individual items should be regarded
as exploratory and interpreted cautiously. Furthermore, the study
by Daglar and Nur (14) demonstrated that social support, maternal
emotional status, and postpartum psychological adjustment are
closely associated with maternal-infant bonding, further supporting
the psychosocial framework underlying our findings.

The influence of childbirth experience on postpartum psychological
adaptation should also be considered. Severe postpartum pain
and negative childbirth experiences have been associated with an
increased risk of postpartum depression and impaired maternal
emotional adjustment (7,8). In the Cochrane review by Bohren et
al. (9), continuous professional support during childbirth was shown
to improve maternal satisfaction and positively influence the overall
birth experience. In this context, sustained breastfeeding counseling
during the postpartum period may function as an important
supportive mechanism by reducing emotional stress and facilitating
maternal adaptation to infant care with greater confidence and
emotional stability.

Another noteworthy finding of the present study was the independent
association between employment status and total MIBS scores.
Mothers who received regular breastfeeding counseling also had
higher educational attainment and employment rates, suggesting
that this group may initially have had a more advantageous profile
with respect to healthcare access, health literacy, and postpartum
self-management skills. Therefore, the observed association
with maternal-infant bonding may not be attributable solely to
breastfeeding counseling itself. Although several sociodemographic
variables were adjusted for in the multivariable regression analysis,
residual confounding and unmeasured psychosocial factors cannot
be entirely excluded. Mothers receiving regular counseling may
have differed from those who did not in terms of health literacy,
healthcare utilization, motivation, family support, and psychosocial
resources, all of which may influence both counseling participation
and maternal-infant bonding outcomes.

Despite these limitations, structured breastfeeding counseling
represents a practical and easily implementable component of
routine postpartum care. Because breastfeeding counseling is
already incorporated into many maternity care settings, optimizing
and standardizing counseling delivery may represent a realistic
strategy for strengthening postpartum support. If confirmed
in prospective randomized studies, integrating standardized
breastfeeding counseling into postpartum follow-up programs may
contribute to maternal psychosocial well-being and maternal-infant
bonding. Future multicenter prospective studies with randomized
designs and comprehensive assessment of psychosocial and
breastfeeding-related factors are warranted to clarify the causal
relationship between breastfeeding counseling and maternal-infant
bonding.

Study Limitations

First, because of its observational cross-sectional design, causality
cannot be inferred, and the findings should be interpreted as
demonstrating an association rather than a causal effect. Second,
participation in the breastfeeding counseling program was not
randomized, introducing the possibility of self-selection bias
and reverse causation. Mothers receiving counseling had higher
educational attainment and employment rates, which may reflect
differences in health literacy, healthcare utilization, and psychosocial
Although multivariable regression analysis was
performed, residual confounding cannot be completely excluded.
Third, several potentially important psychosocial and breastfeeding-
related variables, including breastfeeding exclusivity and duration,
maternal anxiety, perceived social support, sleep quality, family

resources.

569



Gazi Med J 2026;37(4):565-571

Kuiguk and Biri. Breastfeeding Counseling and Maternal-infant Bonding

environment, breastfeeding motivation, infant temperament,
maternal fatigue, and quality of the marital relationship, were not
systematically collected and therefore could not be included in
the multivariable analysis. Fourth, although women with clinically
diagnosed postpartum depression were excluded, no standardized
screening instrument such as the Edinburgh postnatal depression
scale was administered; consequently, undiagnosed or subclinical
depressive symptoms may have remained unrecognized (4-6,15). In
addition, pregnancy-related anxiety and prenatal attachment, which
may be affected by obstetric complications such as preeclampsia and
gestational diabetes mellitus, were not assessed; these unmeasured
factors could also influence maternal-infant bonding (16).
Furthermore, although the counseling protocol was standardized
with respect to counselor, educational content, session frequency,
and duration, educational interventions are inherently influenced by
participant-related factors, including educational attainment, health
literacy, motivation, and psychosocial characteristics. Accordingly,
individual variability in response to counseling cannot be completely
eliminated. Finally, maternal-infant bonding was assessed using a
self-report instrument without observer-based confirmation, and
the single-center design may limit the generalizability of the findings.

CONCLUSION

Regular postpartum breastfeeding counseling was independently
associated with more favorable maternal-infant bonding during the
second postpartum month. Given the observational design of the
present study, these findings should be interpreted as demonstrating
an association rather than a causal relationship. Structured
breastfeeding counseling may represent a practical component of
routine postpartum care and could contribute to maternal well-
being when incorporated into comprehensive postpartum support
programs. However, prospective multicenter studies, ideally
incorporating randomized designs and comprehensive assessment
of psychosocial and breastfeeding-related factors, are needed to
confirm these findings and clarify whether the observed association
reflects a causal relationship.
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Malignant Transformation to Mucinous Adenocarcinoma in Chronic Fistula-in-ano

Kronik Anal Fistilde Msin6z Adenokarsinomaya Malign Donlisim
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ABSTRACT

Malignant transformation in chronic fistula-in-ano (FIA) is rare,
typically occurring due to long-term inflammation in untreated
fistulas, though the exact cause remains unclear. These cancers
are often aggressive, and their symptoms can resemble those of a
benign fistula, leading to delayed diagnosis. We report a 71-year-old
gentleman with supralevator FIA who developed perianal mucinous
adenocarcinoma. The patient had suffered from a recurrent fistula
for 40 years despite multiple surgeries and presented to our centre
with a non-healing FIA. Magnetic resonance imaging (MRI) revealed a
complex fistula with several openings, and histopathology confirmed
adenocarcinoma with mucinous differentiation. Chronic FIA is a
common but its rare potential to transform into perianal mucinous
adenocarcinoma emphasizes the need for early detection and
intervention. Although uncommon, malignant transformation should
be considered in longstanding or recurrent complex FIA, particularly
when symptoms persist despite previous treatment. Early imaging,
such as MRI, and multiple biopsies are crucial for identifying
malignancy and ensuring proper treatment, especially radical surgery.

Keywords: Anal fistula, anal gland, perianal gland neoplasm, mucinous
adenocarcinoma, rectal fistula

Oz

Kronik anal fistiilde (FIA) malign doniisim nadir gorilmekte olup,
genellikle tedavi edilmemis fistullerde uzun sdreli enflamasyonla
iliskilendirilmekle birlikte, kesin etiyolojisi hentiz aydinlatilamamistir.
Bu maligniteler siklikla agresif seyretmekte ve klinik bulgularinin
benign fistullerle benzerlik gostermesi nedeniyle tanida gecikmelere
yol agabilmektedir. Bu galismada, supralevator anal fistili bulunan
ve perianal misin6z adenokarsinom gelisen 71 yasindaki bir erkek
hastanin sunulmasi amaglanmistir. Hasta, birden fazla cerrahi girisime
ragmen 40 yildir tekrarlayan anal fistl oykusi bulunmasi ve fistilin
iyilesmemesi nedeniyle merkezimize basvurmustur. Manyetik
rezonans gorlntileme (MRG) sonucunda birden fazla dis agikligi
bulunan kompleks bir fistil saptanmis, histopatolojik inceleme ile
misindz farklilasma gosteren adenokarsinom tanisi dogrulanmistir.
FIA yaygin gorilen bir klinik durum olmakla birlikte, nadiren perianal
misin6z adenokarsinomaya donusebilmesi, erken tani ve tedavinin
dénemini ortaya koymaktadir. Ozellikle uzun siiredir mevcut olan
veya tekrarlayan kompleks anal fistiillerde, dnceki tedavilere ragmen
semptomlarin devam etmesi durumunda malign donidsim olasihg
gbz oOnidnde bulundurulmaldir. Malignitenin erken donemde
saptanmasi ve uygun tedavi stratejisinin belirlenmesi agisindan MRG
gibi gorlinttileme yontemlerinin erken donemde uygulanmasi ve ¢oklu
biyopsilerle histopatolojik degerlendirmenin yapilmasi blyik 6nem
tasimaktadir. Bu yaklasim, 6zellikle radikal cerrahi gerektiren olgularda
tedavinin dogru bicimde planlanmasina katki saglayabilir.

Anahtar Sozciikler: Anal fistlil, anal bez, perianal bez neoplazisi,
musin6z adenokarsinom, rektal fistll
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INTRODUCTION

Perianal malignancies arising from abscesses or fistulas can
either be adenocarcinomas or squamous cell carcinomas, with
adenocarcinomas being more common (2.9-10%) (1). Among these,
mucinous adenocarcinomas are the most frequently observed
subtype (1). Mucinous adenocarcinomas are characterized by the
secretion of extracellular mucin, which makes up more than 50%
of the tumour volume (1). Perianal fistulas are a common problem,
with around 90% caused by infected anal glands, often leading to
perianal abscesses (2). Approximately 10% of perirectal fistulas are
linked to other factors, such as Crohn’s disease, trauma, human
immunodeficiency virus, sexually transmitted infections, radiation
therapy, or foreign bodies (2).

In rare cases, perianal fistulas and abscesses can undergo malignant
transformation, potentially developing into carcinomas. These
cancers are believed to result from chronic inflammation and
irritation in long-standing fistulas, though the exact link between the
fistula and carcinoma remains unclear (3). The tumours are usually
aggressive, often mucinous, and frequently misdiagnosed early on
(4). Symptoms can initially mimic benign fistula cases, and biopsies
may not detect the carcinoma, leading to a delay in diagnosis. As a
result, tumours are often found at more advanced stages, typically
in deeper regions like the ischiorectal fossa and perineum (3). It
can also be difficult to determine whether the cancer developed
independently or because of the fistula (3).

Given the rarity of this condition and the lack of controlled trials,
this article presents a case of perianal mucinous adenocarcinoma
arising from an untreated anorectal fistula. We share our experience
from a tertiary care institution and provide a review of the relevant
literature to guide early diagnosis and management.

CASE PRESENTATION

A 71-year-old gentleman presented with a recurrent fistula-in-ano
(FIA) that had persisted for 40 years. Despite multiple previous
surgeries at different healthcare facilities, he continued to
experience persistent purulent discharge. On perianal examination,
several tender external openings were noted, draining pus and
mucin (Figure 1). The tumour marker namely carcinoembryonic
antigen was within normal range.

Colonoscopy revealed an irregular internal opening in the anal
canal without evidence of ulceration or mucosal inflammation. The
colonoscopy was advanced to the caecum. An incidental ascending
colon polyp (Paris 1sp) was identified and removed via cold snare
polypectomy. Histopathological examination of the polyp showed no
dysplasia or malignancy. Magnetic resonance imaging (MRI) of the
pelvis demonstrated a grade 5 complex perianal fistula (St. James’s
University Hospital classification) with supralevator extension and
multiple bilateral ischioanal collections (Figure 2). The fistulous tracts
demonstrated heterogeneous T2 hyperintensity with enhancing
solid and papillary components on post-contrast sequences, raising
suspicion for malignant transformation.

The patientsubsequently underwent examination under anaesthesia,
debridement, and seton insertion (Figure 3). Tissue obtained
from the debridement was sent for histopathological analysis,
which revealed adenocarcinoma with mucinous differentiation

(Figure 4). Histopathological examination demonstrated low-grade,
well-differentiated adenocarcinoma with abundant extracellular
mucin comprising approximately 80% of the tumour volume,
consistent with mucinous adenocarcinoma. The tumour was
characterized by mucin pools containing villoglandular proliferations
of neoplastic epithelial cells. A distinctive feature was the direct
continuity between the neoplastic glandular epithelium and the
perianal epidermis at the sinus openings, with abrupt transitions
to squamous epithelium within epithelialized fistulous tracts,
supporting the origin of the malignancy from a chronic FIA.
Immunohistochemical staining showed CK7 negativity with positivity
for CK20 and CDX2, supporting a colorectal-type adenocarcinoma
phenotype.

He was clinically staged as cTANOMXx according to the TNM staging
system, consistent with locally advanced disease. A staging computed
tomography (CT) scan was planned prior to multidisciplinary team
discussion to determine the suitability of neoadjuvant therapy
followed by radical surgery. However, the patient’s condition
deteriorated rapidly, and he unfortunately succumbed before
completion of CT staging and further oncological planning. Written
informed consent was obtained from the patient’s relatives for their
anonymised information to be published in this article.

DISCUSSION

Determining whether FIA preceded the development of malignancy
or whether malignancy led to fistula formation can be clinically
challenging. To help establish malignant transformation in chronic
FIA, Rosser proposed three diagnostic criteria: The fistula should
be present for at least 10 years prior to carcinoma development;
the tumour identified in the rectum or anal canal should represent
direct extension from carcinoma within the fistula; and the internal
opening of the fistula should communicate with the anal canal
rather than the tumour itself (4). Our patient fulfilled most of the
reported criteria. However, the lesion was not directly visualised on
colonoscopy and was identified only on MRI.

Figure 1. Perineal examination during initial visit showing several external
openings, which were tender to the touch, draining pus and mucin.
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Perianal mucinous adenocarcinoma arising from chronic anorectal
fistulas is rare. The exact relationship between chronic fistulas and
malignant transformation remains unclear, although long-standing
inflammation is considered a contributing factor. These tumours
often grow slowly within the ischioanal region and may not extend
into the bowel lumen, which can delay diagnosis. Therefore,
early detection requires a high index of suspicion, particularly in
patients with long-standing or recurrent fistulas. Tissue biopsy is
essential when malignancy is suspected, and pelvic MRI may help
differentiate between inflammatory fistulous disease and malignant
transformation (5).

Figure 2. T2-weighted pelvic MRI demonstrating a grade 5 complex
perianal fistula (St. James University Hospital classification) with
supralevator extension and multiple bilateral ischioanal collections.
The fistulous tracts communicate with the anal canal and extend across
the sphincter complex with horseshoe configuration. The lesions show
heterogeneous T2 hyperintensity with enhancing solid and papillary
components on post-contrast sequences, with irregular thickening of the
lower rectal wall, features suspicious for malignant transformation. Axial
(A) and sagittal (B) views are shown.

MRI: Magnetic resonacne imaging.
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Surgery remains the cornerstone of treatment, with adequate
oncologic resection being critical for favourable outcomes. In many
cases, radical procedures such as abdominoperineal resection are
required to achieve complete tumour removal, as local excision
alone is often insufficient. Neoadjuvant therapy may improve
recurrence-free survival in selected patients; however, there is
currently no consensus regarding the optimal use of neoadjuvant
or adjuvant chemotherapy and radiotherapy, and treatment
should be individualized. Early recognition and appropriate
management are essential to prevent disease progression and
improve prognosis (5).

Chronic and recurrent FIA should raise suspicion for malignant
transformation, particularly in longstanding disease with persistent
discharge or atypical features. Pelvic MRI and tissue biopsy play
an important role in differentiating complex inflammatory fistulas
from underlying mucinous adenocarcinoma, especially when
colonoscopy findings are inconclusive. Early recognition and
timely multidisciplinary management are essential, as delayed
diagnosis often results in locally advanced disease requiring radical
treatment.

ANNY

W

Figure 3. Perineal examination (post operative) following the examination
under anesthesia and Hanley procedure, external openings were
identified at 7 o’clock and 8 o’clock positions (3 cm from the anal verge),
along with a supralevator internal opening at 8 o’clock (8 cm from the anal
verge). Another external opening was located at 3 o’clock. The openings
were interconnected at the 8 o’clock position. A mucin-filled cavity was
present at all external openings.
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Figure 4. Carcinomatous glands infiltrating beneath inflamed squamous epithelium (A) and associated with mucinous production (B). (C) Malignant glands
displaying moderate nuclear pleomorphism and loss of nuclear polarity. (D) Malignant glands accompanied by extracellular mucin pools.
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A Case of Acromegaly Diagnosed After Pituitary Apoplexy Presenting as Polycystic

Ovary Syndrome

Polikistik Over Sendromu gibi Prezente Olan ve Hipofiz Apopleksisi Sonrasinda Tani Konulan Bir

Akromegali Olgusu
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Department of Endocrinology Clinic, University of Health Sciences Tirkiye, Ankara Etlik City Hospital, Ankara, Tirkiye

ABSTRACT

Pituitary apoplexy (PA) is an uncommon neuroendocrine emergency
resulting from hemorrhage or infarction of a pituitary adenoma.
Dopaminergic agents are well-established precipitants; however,
the role of synthetic progestins remains insufficiently characterized.
Acromegaly may present with clinical features that overlap considerably
with those of polycystic ovary syndrome (PCOS), thereby complicating
and delaying its diagnosis. We report a 26-year-old woman with a
two-year history of secondary amenorrhea and hirsutism who had
previously been evaluated by gynecology and diagnosed with PCOS
on the basis of oligomenorrhea, clinical hyperandrogenism, and
polycystic ovarian morphology on ultrasonography. Markedly elevated
prolactin (127 ug/L) and a low free T4 level were also documented;
however, the possibility of an underlying pituitary pathology was
not investigated at that time. Dydrogesterone was commenced, and
twelve days later the patient developed thunderclap headache and
acute complete visual loss. Emergency evaluation demonstrated
markedly elevated insulin-like growth factor-1 (984 ng/mL) and growth
hormone (20 pg/L). Pituitary magnetic resonance imaging revealed
a 50x25 mm macroadenoma with signal characteristics consistent
with acute hemorrhage and infarction. Emergency transsphenoidal
surgery was performed, and histopathology confirmed a sparsely
granulated somatotroph pituitary neuroendocrine tumor of the Pit-
1 lineage (Ki-67: 8%). The postoperative course was complicated by
panhypopituitarism and permanent bilateral visual loss. This case
underscores the importance of excluding sellar pathology before

0z

Hipofizapopleksisi (HA), hipofizadenomunun kanamasiveya enfarktiist
sonucunda gelisen, nadir gorilen bir néroendokrin acil durumdur.
Dopaminerjik ajanlar iyi bilinen tetikleyici faktorler arasinda yer almakla
birlikte, sentetik progestinlerin bu sirecteki roli heniliz yeterince
aydinlatilamamistir. Akromegali, polikistik over sendromu (PKOS) ile
belirgin klinik ortlisme gosteren bulgularla prezente olabilmekte;
bu durum taniyi giiclestirmekte ve geciktirmektedir. iki yildir siiren
sekonder amenore ve hirsutizm sikayetiyle basvuran 26 yasindaki kadin
hasta, daha 6nce jinekoloji tarafindan degerlendirilmis; oligomenore,
klinik hiperandrojenizm ve ultrasonografide polikistik over morfolojisi
temelinde PKOS tanisi almisti. Belirgin dlzeyde yiiksek prolaktin (127
ug/L) ve dustik serbest T4 degeri saptanmis olmakla birlikte, altta yatan
hipofizer patoloji olasili§l o dénemde arastirilmamisti. Didrogesteron
baslanmasinin ardindan on ikinci glinde hasta gok guriltist bas agrisi
ve akut tam gbérme kaybi ile basvurdu. Acil degerlendirmede belirgin
derecede yiksek insilin benzeri biyime faktéri-1 (984 ng/mL) ve
bluylime hormonu (20 pg/L) dizeyleri saptandi. Hipofiz manyetik
rezonans gorintlilemesinde akut kanama ve enfarktlsle uyumlu
sinyal ozelliklerine sahip 50x25 mm’lik bir makroadenom izlendi. Acil
transsfenoidal cerrahi uygulandi; histopatoloji, Pit-1 soyundan seyrek
granilli somatotrop hipofiz néroendokrin timord tanisini dogruladi
(Ki-67: %8). Postoperatif donem panhipopituitarizm ve kalici bilateral
gorme kaybi ile komplike oldu. Bu olgu; menstriel dizensizligi ve hafif
endokrin bozukluklari olan hastalarda hormonal tedaviye baslamadan
once sellar patolojinin dislanmasinin énemini vurgulamaktadir. Ayrica
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ABSTRACT

initiating hormonal therapy in patients with menstrual irregularities
and subtle endocrine disturbances, particularly when features
suggestive of acromegaly are present. It also highlights the need for
broader awareness of acromegaly’s clinical manifestations among non-
endocrinology specialists.

Keywords: Pituitary apoplexy, acromegaly, dydrogesterone, PCOS

0z
endokrinoloji disi uzmanlik alanlarinda akromegalinin klinik bulgularina
yonelik farkindahigin artirilmasi gerektigine dikkat cekmektedir.

Anahtar Sozciikler: Hipofiz apopleksisi, akromegali, didrogesteron,
PCOS

INTRODUCTION

Pituitary apoplexy (PA) is a potentially life-threatening clinical
syndrome caused by acute hemorrhage or infarction of a
pituitary adenoma. It presents as a neuroendocrine emergency
characterized by the sudden onset of severe headache, visual
disturbances, ophthalmoplegia, and altered consciousness,
frequently accompanied by acute hypopituitarism (1). Although the
term “PA” classically refers to this dramatic clinical presentation,
subclinical or silent apoplexy—detected incidentally on imaging
or histopathological examination—is in fact considerably more
prevalent (2). The estimated incidence of clinically overt PA is
approximately 0.17 episodes per 100,000 individuals per vyear,
occurring in 2-12% of patients with known pituitary adenomas
(3). The pathophysiology of PA, while incompletely understood, is
thought to involve a combination of factors: A mismatch between
the elevated metabolic demands of a rapidly enlarging tumor
and its blood supply, intrinsic vascular abnormalities within the
adenoma, and compression of the superior hypophyseal vessels
against the diaphragma sellae (4). Overexpression of vascular
endothelial growth factor in certain adenomas has been identified
as a contributing mechanism, potentially leading to the formation
of fragile, fenestrated vessels prone to hemorrhage (5). A
precipitating factor is identified in up to 30-40% of cases; recognized
triggers include arterial hypertension, major surgery, dynamic
pituitary function testing, coagulopathy, head trauma, and various
pharmacological agents, of which dopamine agonists are the best-
documented (6).

The association between sex steroid hormones and PA is less well
established but has been reported. Two main pathophysiological
mechanisms have been proposed. First, estrogens are known to
induce pituitary hyperemia and increase glandular vascularity,
potentially imposing hemodynamic stress on the fragile vasculature
of an adenoma (5). Second, both estrogens and progestins increase
the risk of thrombotic events by promoting a prothrombotic
coagulation state, which may predispose to ischemic infarction
within tumor tissue (7). While most reported cases have involved
combined oral contraceptives, the independent contribution
of synthetic progestins administered in isolation has not been
systematically studied. Dydrogesterone is a retroprogestogen
with a molecular structure closely resembling that of endogenous
progesterone; it is widely used for the management of menstrual
disorders, endometriosis, and luteal phase support owing to its
favorable tolerability profile. Its potential to precipitate PA in the
context of an undiagnosed pituitary macroadenoma remains
inadequately documented, making individual case reports especially
valuable for delineating this uncommon risk.

Acromegaly is a chronic disorder resulting from sustained excess
secretion of growth hormone (GH), responsible for the characteristic
peripheral manifestations, including progressive acral enlargement,
coarsening of facial features, soft tissue hypertrophy, and a broad
range of systemic complications. In more than 95% of cases, the
source is a GH-secreting pituitary neuroendocrine tumor (PitNET).
Because the onset is insidious and symptom progression is gradual,
the diagnosis is frequently delayed by a decade or more (8).
Consequently, approximately 75% of somatotroph adenomas are
already at the macroadenoma stage (>1 cm) at the time of diagnosis,
conferring greater potential for mass-related complications,
including apoplexy (9,10). The co-occurrence of acromegaly and PA is
uncommon; when it does occur, spontaneous biochemical remission
of acromegaly may follow, but this is the exception rather than the
rule, and most GH-secreting adenomas remain hormonally active
after an apoplectic event (11,12). Critically, PA may occasionally
represent the initial clinical presentation of a previously undiagnosed
somatotroph adenoma.

We present a case of ayoung woman whose undiagnosed acromegaly,
initially misattributed to PCOS by her gynecologists, was dramatically
unmasked by the onset of PA shortly after dydrogesterone
was initiated for secondary amenorrhea. This case illustrates
the potential of synthetic progestins—and dydrogesterone in
particular—to precipitate PA and emphasizes the critical importance
of excluding sellar pathology prior to commencing hormonal therapy
in patients with unexplained menstrual disturbances and hormonal
abnormalities.

CASE PRESENTATION

A 26-year-old woman presented to the gynecology outpatient
clinic in December 2024 with a two-year history of secondary
amenorrhea and progressive hirsutism. She was a mother of three
with no significant past medical history and no regular medications.
Her body mass index was 35 kg/m?, consistent with class Il obesity.
The preoperative gynecology notes documented obesity and non-
specific constitutional complaints, without reference to acromegalic
features. At the time of our endocrinology consultation—obtained
following the apoplectic event—directed history taking revealed
that the patient had noticed an increase in ring size and an increase
in shoe size over the preceding two years, and physical examination
demonstrated mild acral enlargement of the hands and feet. These
findings, in retrospect, were consistent with chronic GH excess,
though they had not been elicited or recognized at the time of the
initial gynaecological assessment.

Laboratory investigations revealed a free thyroxine (T4) of 0.75
ng/dL (reference: 0.8-1.8 ng/dL), thyroid-stimulating hormone
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(TSH) of 0.02 mIU/L (reference: 0.4-4.0 mIU/L), and a markedly
elevated prolactin of 127 ug/L (reference: 3-27 ug/L) (Table 1).
Transabdominal pelvic ultrasonography demonstrated bilateral
polycystic ovarian morphology with a thin, regular endometrium.
On the basis of secondary amenorrhea, clinical hyperandrogenism
(hirsutism), and polycystic ovarian morphology on ultrasound—
satisfying two of the three 2003 Rotterdam consensus criteria for
PCOS (oligo-/anovulation and polycystic ovaries)—a clinical diagnosis
of PCOS was established by the gynecology team (13). It is important
to note that this diagnosis was made outside our endocrinology
department; the patient was not referred to endocrinology at this
juncture. The substantially elevated prolactin level, which raises the
differential of a pituitary pathology such as a prolactinoma or a GH-
secreting adenoma with co-secretion of prolactin, was not pursued
further before initiating hormonal therapy. Dydrogesterone was
commenced.

Five days after commencing dydrogesterone, the patient developed a
headache and was advised to continue treatment. Twelve days after
initiation, she returned with a markedly worsening headache and
acute-onsetvisual loss, prompting an urgent referral to neurosurgery.
Ophthalmological assessment at this point documented visual acuity
of 0.25 in the right eye and absence of light perception (P-) in the left
eye, with a relative afferent pupillary defect on the left. Fundoscopic
examination showed normal optic discs bilaterally, and no acute
ocular pathology was identified; retrobulbar neuritis and PA were
raised as differential diagnoses by the ophthalmology team. Repeat
laboratory investigations showed TSH 1.32 mlU/L, free T4 0.78 ng/
dL, and prolactin 130 pg/L. Additional testing revealed a markedly
elevated IGF-1 of 984 ng/mL (reference: 100-300 ng/mL) and GH of
20 pg/L (reference: <5 pg/L). Adrenocorticotropic hormone (ACTH)
was 19 ng/L, and morning cortisol was critically low at 2.49 pg/dL
(reference: 5-25 pg/dL), indicating adrenal insufficiency secondary
to pituitary compromise.

Table 1. Preoperative and postoperative laboratory findings.

Preoperative pituitary magnetic resonance imaging (MRI)
demonstrated a 50x25 mm lesion occupying the pituitary fossa and
extending into the sellar, suprasellar, and sphenoid sinus regions.
The mass was in close proximity to both internal carotid arteries and
the Circle of Willis and exerted significant compression on the optic
chiasm, with superior extension to the level of the third ventricle.
The lesion demonstrated heterogeneous signal characteristics on
both T1- and T2-weighted sequences. On T2-weighted imaging,
the presence of hypointense areas within the mass is consistent
with the paramagnetic effects of deoxyhemoglobin or intracellular
methemoglobin, indicating subacute hemorrhagic transformation.
This pattern supports the interpretation of a hemorrhagic apoplectic
event of recent onset, as hyperacute hemorrhage tends to appear
isointense or hyperintense on T2 sequences, whereas the T2
hypointensity observed here is more characteristic of an evolving
hemorrhage in the early subacute phase. The overall signal
heterogeneity is consistent with mixed hemorrhagic and ischemic
infarction within the adenoma (Figure 1).

Given the acute onset of complete visual loss and severe headache—
both established indications for emergency surgical intervention in
PA—the patient underwent emergency transnasal transsphenoidal
pituitary surgery within hours of presentation. The decision to
proceed with urgent decompression was guided by the presence
of progressive neuro-ophthalmological compromise, in accordance
with current management guidelines for PA (14). Published
evidence further supports early surgery in patients with visual acuity
impairment or visual field defects, as prompt decompression of the
optic chiasm is associated with meaningful visual recovery (15).

Postoperatively, the patient was monitored in the intensive care
unit. Day 1 laboratory results showed improvement in GH to 0.5
pg/L, prolactin below 2 pg/L, and IGF-1 at 554 ng/mL. However,
hypernatremia developed (serum sodium 154 mmol/L, urine
specific gravity 1.004), consistent with central antidiuretic hormone

Parameter (reference range) Pre-op Pre-op Post-op Post-op Post-op Post-op Post-op
(gynecology visit) (day before surgery) day1 day 3 week 1 month 1 month 6
Sodium (135-145 mmol/L) — 139 154 145 143 143 —
Potassium (3.5-5.1 mmol/L) — 4.2 3.6 3.2 — — —
Urine specific gravity (1.005-1.030) — — 1.004 1.020 — 1.025 1.020
TSH (0.4-4.0 mIU/L) 0.02 1.32 0.06 — <0.005 <0.005 <0.005
Free T4 (0.8-1.8 ng/dL) 0.75 0.78 0.96 — 0.5 0.5 0.8
Cortisol (5-25 pg/dL) — 2.49 4 — 0.8 0.2 0.5
ACTH (10-60 ng/L) — 19 <15 — <15 <1.5 <15
GH (<5 pg/L) — 20 0.5 — 0.9 1.02 0.5
IGF-1 (100-300 ng/mL) — 984 554 — 279 300 248
PRL (3-27 pg/L) 127 130 <2 — <2 <2 <2
LH (2-12 1U/L) — <0.3 <0.3 — <0.3 <0.3 <0.3
FSH (3-10 1U/L) — 1 <0.3 — <0.3 <0.3 <0.3
E2 (30-400 ng/L) — <5 16 — <5 - -

ACTH: Adrenocorticotropic hormone, E2: Estradiol, FSH: Follicle-stimulating hormone, GH: Growth hormone, IGF-1: Insulin-like growth factor-1, LH, Luteinizing
hormone, Post-op: Postoperative, Pre-op: Preoperative, PRL: Prolactin, T4: Thyroxine, TSH: Thyroid-stimulating hormone. Note: Empty cells indicate that the

parameter was not measured or that data were not available for that time point.
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(ADH) deficiency. Anterior pituitary function remained severely
impaired, with undetectable gonadotropins, TSH of 0.06 mIU/L, and
morning cortisol of 4 pg/dL. Following endocrinology consultation,
a diagnosis of panhypopituitarism with central ADH deficiency was
established. Replacement therapy was initiated with levothyroxine,
hydrocortisone, and desmopressin. By postoperative day 3, serum
sodium had normalized to 145 mmol/L and urine specific gravity had
increased to 1.020, indicating a therapeutic response.

Postoperative  MRI (day 1) demonstrated a 31x22x18 mm
postoperative cavity with peripheral enhancement, containing air
and hemorrhagic material, and continuing to exert a mass effect on
the optic chiasm. A 5x3 mm nodular area of enhancement adjacent
to the left frontal base was observed, raising the possibility of

residual tumor (Figure 2). Ophthalmological reassessment in the
postoperative period documented bilateral fixed dilated pupils with
no perception of light bilaterally (P-/P-) and bilateral optic nerve
atrophy on fundoscopy, indicating irreversible ischemic injury to the
anterior visual pathway.

One week post-surgery, TSH remained suppressed (<0.005 mIU/L),
free T4 was 0.5 ng/dL, ACTH was below 1.5 ng/L, morning cortisol
0.8 pg/dL, and IGF-1 had decreased to 279 ng/mL. The patient was
discharged on postoperative day 13 on desmopressin acetate 60
mcg twice daily, hydrocortisone 10 mg in the morning and 5 mg in
the afternoon, and levothyroxine 25 mcg once daily.

Pathological analysis of the resected specimen identified a PitNET
with positive immunostaining for synaptophysin, Pit-1, estrogen

Figure 1. Preoperative pituitary MRI. From left to right: sagittal T1-weighted, coronal T1-weighted, and coronal T2-weighted images demonstrate a large
macroadenoma (50x25 mm) filling the sella and suprasellar region. The lesion extends into the sphenoid sinus, compresses the optic chiasm, and abuts
both internal carotid arteries. Heterogeneous signal intensity, including hypointense areas on T2-weighted imaging, is consistent with hemorrhagic
transformation in the early subacute phase of apoplexy.

MRI: Magnetic resonance imaging.

Figure 2. Postoperative day 1 pituitary MRI. From left to right: sagittal T1-weighted, coronal T1-weighted, and coronal T2-weighted images show a
31x22x18 mm postoperative cavity with peripheral enhancement, containing air and hemorrhagic material. A 5x3 mm nodular area of enhancement
adjacent to the left frontal base raises the possibility of residual tumor. The optic chiasm remains compressed.

MRI: Magnetic resonance imaging.
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receptor (ER), and GH. No staining for other pituitary hormones
was detected. Cytokeratin 8-18 demonstrated a dot-like cytoplasmic
pattern, and reticulin staining revealed disruption of the normal
acinar architecture. The Ki-67 proliferation index was approximately
8%. The final pathological diagnosis was a sparsely granulated
somatotroph PitNET of the Pit-1 lineage.

One month post-surgery, the patient remained on full pituitary
hormone replacement with stable biochemistry. At four months,
follow-up MRI showed the postoperative cavity had decreased in size
to 20x14x13 mm and was partly occupied by fat packing material with
peripheral enhancement. A 3x3 mm nodular area of enhancement
adjacent to the right frontal base persisted, representing a possible
residual tumor focus. The optic chiasm remained morphologically
deformed (Figure 3).

At six months, anterior pituitary function remained globally deficient.
The patient continued on her existing replacement regimen. GH
was 0.5 pg/L, IGF-1 was 248 ng/mL, and all other hormonal axes
remained suppressed (Table 1). She continues under combined
outpatient follow-up by neurosurgery and endocrinology.

Written informed consent was obtained from the patient for
publication of this case report and the accompanying clinical images.

DISCUSSION

This case illustrates how the insidious clinical presentation of
acromegaly can result in diagnostic delays and misattribution
to more common conditions such as PCOS, with potentially
catastrophic consequences. The patient’s presenting features of
obesity, secondary amenorrhea, and hirsutism are well-recognized
overlapping manifestations of both PCOS and acromegaly, and the
clinical overlap between the two conditions has been described in
the literature (16,17). A retrospective review of the preoperative
gynecology documentation revealed subtle acromegalic features,
including a reported increase in ring size and increase in shoe size
over the preceding two years and mild indeterminate enlargement
of the hands and feet on physical examination. Although non-specific
in isolation, such findings—particularly in the context of markedly

elevated prolactin and an isolated low free T4 with suppressed TSH,
suggesting central rather than primary hypothyroidism—warrant
systematic exclusion of pituitary pathology before initiating hormonal
therapy. Non-endocrinology clinicians, including gynecologists and
primary care physicians, should maintain awareness of the somatic
features of acromegaly, as early recognition outside specialist
settings is essential to reduce the well-documented diagnostic delay
that characterizes this condition.

The markedly elevated prolactin level (127 ug/L) documented at
initial presentation warrants specific discussion. When prolactin is
substantially elevated in a patient with menstrual irregularities, the
differential diagnosis should include prolactinoma, compression of
the pituitary stalk by a non-functioning mass (the “stalk effect”),
and co-secretion of prolactin by a GH-secreting adenoma. GH
and prolactin co-secretion occurs in approximately 30-40% of
acromegaly cases, either through a mammosomatotroph adenoma
or a mixed somatotroph-lactotroph tumor, both of which fall within
the Pit-1 transcription factor lineage (18). In the present case, the
immunohistochemical profile of the resected tumor—strongly
positive for GH, Pit-1, and ER, without prolactin staining—suggests
that hyperprolactinemia was most likely the result of a stalk effect
due to the large macroadenoma rather than true co-secretion.
Irrespective of mechanism, a prolactin level of this magnitude in a
young woman with menstrual disturbance should prompt pituitary
imaging prior to the initiation of any hormonal treatment. The
failure to investigate further before prescribing dydrogesterone was
a critical missed opportunity (19).

The initial diagnosis of PCOS deserves careful consideration in this
context. PCOS is the most common endocrinopathy in women of
reproductive age, and its diagnosis is based on the 2003 Rotterdam
consensus criteria, which require the presence of at least two of the
following three features: oligo- and/or anovulation; clinical and/
or biochemical signs of hyperandrogenism; and polycystic ovarian
morphology on ultrasonography—after exclusion of other relevant
endocrinopathies such as congenital adrenal hyperplasia, Cushing’s
syndrome, androgen-secreting tumors, hyperprolactinemia, and

Figure 3. Postoperative month 4 pituitary MRI. From left to right: sagittal T1-weighted, coronal T1-weighted, and coronal T2-weighted images demonstrate
a 20x14x13 mm postoperative cavity containing fat packing material with peripheral enhancement. A 3x3 mm nodular area of enhancement persists
adjacent to the right frontal base, consistent with possible residual tumor. The optic chiasm remains morphologically deformed.

MRI: Magnetic resonance imaging.
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thyroid dysfunction (13). Polycystic ovarian morphology, as defined
by the Rotterdam criteria, requires the presence of 12 or more
follicles measuring 2-9 mm in diameter in at least one ovary and/
or an ovarian volume exceeding 10 mL. In the present case, the
gynecology team identified oligomenorrhea and polycystic ovarian
morphology on transabdominal ultrasound, satisfying two Rotterdam
criteria. However, the exclusion steps integral to a rigorous PCOS
workup—particularly the evaluation of markedly elevated prolactin
and the abnormal thyroid function pattern suggestive of central
hypothyroidism—were not completed. This serves as a reminder
that PCOS is, by definition, a diagnosis of exclusion and that the
presence of elevated prolactin or atypical hormonal patterns
mandates further investigation before the diagnosis is confirmed
and treatment initiated.

The temporal relationship between the initiation of dydrogesterone
and the onset of PA in this case raises the possibility that this
progestogen may have acted as a precipitating factor, though this
association is based on temporal evidence rather than established
causality. The precise mechanism by which sex steroids might trigger
PA has not been fully elucidated. The proposed pathophysiological
pathways include estrogen-mediated pituitary hyperemia with
resultant vascular congestion and a procoagulant effect of exogenous
progestins promoting thrombotic infarction within the adenoma
(5,7). The majority of published cases linking hormonal agents to
PA have involved combined oral contraceptives containing both
estrogen and progestin components. Kobayashi et al. (20) reported
a case of ischemic PA in a 33-year-old woman following 18 months
of combined oral contraceptive use, proposing that the estrogen-
induced hypercoagulable state was the underlying mechanism.
More broadly, case series and reviews have documented PA in the
setting of various sex steroid exposures, including combined oral
contraceptives, anabolic androgenic steroids, and GnRH agonists,
each mediated by distinct but potentially overlapping mechanisms
(4,20-22).

The specific contribution of dydrogesterone as a sole precipitant of
PA has not been established in the literature, and no controlled data
exist. This case should therefore be interpreted cautiously: While
the temporal sequence is compelling and consistent with a drug-
related precipitant, a causal relationship cannot be confirmed from
a single case report. The possibility that the apoplectic event was
spontaneous within a large and hemorrhage-prone adenoma and
coincidentally occurred shortly after dydrogesterone was started
cannot be excluded. Despite extensive review of the available
literature, no prior published case definitively attributing PA to
dydrogesterone as an isolated agent was identified. The absence
of evidence of causation does not, however, diminish the clinical
lesson: In any patient with suspected pituitary pathology, hormonal
agents capable of altering pituitary blood flow or coagulation status
should not be initiated without adequate exclusion of a sellar mass.

The decision to proceed with emergency transsphenoidal surgery
was made on the basis of acute-onset complete visual loss and
thunderclap headache—both of which are accepted indications
for urgent surgical decompression in the current management

guidelines for PA. Published evidence supports early surgery (within
7 days) in patients with visual acuity impairment or visual field
defects, as prompt decompression of the optic chiasm is associated
with meaningful visual recovery in a significant proportion of
patients (14,15). Unfortunately, in the present case, the severity
of the apoplectic insult resulted in irreversible bilateral optic nerve
atrophy with permanent loss of visual function, emphasizing the
necessity of early recognition and rapid intervention.

Following surgery, the patient developed panhypopituitarism
with central ADH deficiency, requiring comprehensive hormonal
replacement with hydrocortisone, levothyroxine, and desmopressin.
These complications are well recognized sequelae of PA, particularly
after large apoplectic events, and reflect the extent of ischemic
damage to the anterior and posterior pituitary parenchyma.
Endocrine function did not recover over the six-month follow-up
period, consistent with published reports indicating that pituitary
insufficiency after PA is often permanent when the apoplectic injury
is extensive (11).

To our knowledge, this case is the first reported case of a somatotroph
macroadenoma presenting as PA potentially precipitated by
dydrogesterone administered for a presumed diagnosis of PCOS.
This case adds to a modest but growing literature on sex steroid-
associated PA and highlights several important principles: The
clinical overlap between acromegaly and PCOS mandates systematic
pituitary evaluation in atypical cases; markedly elevated prolactin
should always be investigated before commencing hormonal
therapy; and the diagnosis of PCOS, as a diagnosis of exclusion,
requires the formal exclusion of pituitary pathology. Non-
endocrinology practitioners should be familiar with the somatic
features of acromegaly—including acral enlargement, coarsening of
facial features, change in ring or shoe size, soft tissue hypertrophy,
and macroglossia—as their recognition in primary or specialist
gynecological care has the potential to prevent delayed diagnosis
and its consequences.

This case illustrates how an undiagnosed somatotroph
macroadenoma presenting with clinical features mimicking
PCOS was dramatically revealed by PA following the initiation of
dydrogesterone therapy. It underscores the diagnostic challenges
inherent to acromegaly; the potential for synthetic progestins to
precipitate apoplexy in the presence of a pre-existing adenoma—
though causality in this individual case cannot be confirmed—and
the critical need for comprehensive pituitary evaluation before
commencing hormonal treatment in patients with menstrual
disturbances and unexplained endocrine abnormalities. Clinicians
across specialties should maintain a low threshold for suspecting
pituitary pathology when features overlap with PCOS, particularly
when prolactin is markedly elevated or when subtle somatic
features of acromegaly are present. When clinical suspicion is
raised, measurement of IGF-1 and dedicated pituitary imaging
should be obtained prior to initiating any hormonal therapy. This
case contributes to the limited literature on progestin-associated PA
and reinforces the importance of careful risk stratification in clinical
practice.
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ABSTRACT

Antibiotics are among the most prescribed drugs in human medicine.
However, antibiotic resistance is a continuing global human health
problem. Ecosystems and clinical practices play equally important
roles in the emergence, evolution, and spread of antibiotic resistance.
High doses and inappropriate antibiotic use result in large amounts of
antibiotics being released into the ecosystem, leading to the selection
of large numbers of resistant bacteria and the spread of antibiotic
resistance genes (ARGs). Accelerated selection of antibiotic-resistant
strains and increasing numbers of antibiotic-resistant bacteria (ARB)
result in increased infection-related patient mortality rates. Hosts
of environmental resistomes are largely restricted to the core of the
environmental microbiome. Because of the phylogenetic barriers
to horizontal transfer of ARGs, gene transfer occurs more frequently
within species than between species. Horizontal gene transfer (HGT)
drives the evolution of untreatable “superbugs” by concentrating
ARGs within individual cells. Decreasing the colonization capacity of
exogenous ARB, increasing human resistance to colonization, reducing
horizontal transmission of ARG, and reversing antibiotic resistance in
ARB are the most important strategies to combat antibiotic resistance
by preventing transmission of ARB and ARG to humans.

Keywords: Antibiotic resistance, ecosystem, horizontal gene transfer,
mobile genetic element, marine organism

6z

Antibiyotikler, tibbi uygulamalarda en c¢ok regete edilen ilag
gruplarindan biridir. Ancak antibiyotik direnci, halen kiiresel bir insan
saghg sorunudur. Ekosistemler ve klinik uygulamalar, antibiyotik
direncinin ortaya ¢ikmasinda, evriminde ve yayllmasinda esit derecede
onemli rol oynar. Yiksek dozlarda ve uygunsuz antibiyotik kullanimi,
ekosisteme biyik miktarda antibiyotik salinimina ve ¢ok miktarda
direngli bakterinin segilimine ve antibiyotik direng genlerinin (ARG)
yayillmasina yol acar. Antibiyotik direngli suslarin hizla segilimi ve
artan sayida antibiyotik direngli bakteri (ARB), enfeksiyona bagli hasta
6lium oranlarinin artmasina neden olur. Cevresel direng genlerinin
konakgilari blyulk 6lgiide cevresel mikrobiyom ile sinirhdir. ARG’lerin
yatay transferine yonelik filogenetik engeller nedeniyle, gen transferi
turler arasinda degil, turler icinde daha sik gergeklesir. Yatay gen
transferi (HGT), ARG’lerini ayni hiicrede bir araya toplayarak tedavi
edilemeyen “stiper mikroplarin” evrimini yonlendirir. Ekzojen
ARB'lerin kolonizasyon kapasitesini azaltmak, insanlarda kolonizasyona
karsi direnci artirmak, ARG’nin yatay bulasmasini azaltmak ve ARB
antibiyotik direncini tersine g¢evirmek, ARB ve ARG’nin insanlara
bulagsmasinin 6nlenmesinde ve antibiyotik direnciyle miicadelede en
onemli stratejilerdir.

Anahtar Sozciikler: Antibiyotik direnci, ekosistem, yatay gen transferi,
mobil genetik element, deniz organizmalari
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INTRODUCTION

Antibiotics are among the most prescribed drugs in human medicine.
However, global estimates suggest that only 50% of global antibiotic
use is appropriate (1). In the United States of America, the Centers
for Disease Control and Prevention (CDC) analysis of data from the
National Ambulatory Medical Care Survey and the National Hospital
Ambulatory Medical Care Survey indicate that 30% of the 154
million antibiotics prescribed each year are considered unnecessary
(2). When the antibiotics are widely used, the reservoirs of resistant
genes are prevalent, thus these tend to spread through ecological
niches due to complex interactions between people in different
environments (3). Antibiotic resistance is a continuing global human
health problem. Controversially, the healthcare facilities contribute
significantly to the emergence, evolution, and spread of antibiotic
resistance, however also the ecosystems have an equally important
role in its spread (4). Disposal of household medical waste and
unused antibiotics in landfills or in wastewater poses a significant
environmental and public health hazard. A significant portion of
these drugs consists of stable compounds that are difficult to remove
in wastewater treatment plants (WTPs) and that accumulate in the
environment. Antibiotics such as ciprofloxacin and trimethoprim,
as well as antineoplastic drugs such as cyclophosphamide, have
been isolated from these waters (5). The contamination of hospital
and city sewage wastewater with antibiotics and cytostatic drugs
poses a major environmental threat (6). Cytostatic drugs, which
inhibit DNA replication and are genotoxic to actively dividing cells
of algae and aquatic plants, affect all proteins involved in the
regulation of growth rate, the cell cycle, and redox status. Prolonged
exposure of organisms to these toxins lead to unforeseen changes
at the molecular level for the entire ecosystem (7-9). When
considering the reuse of treated wastewater and biological solids for
agricultural purposes, mutagenic potentials such as alteration in the

chromosomal aberration and micronucleus frequency are extremely
important in terms of bacterial behavior as well as the extent of
environmental pollution (10). While assessing the causal relationship
between antibiotic resistance and clinical practice, numerous
confounding factors exclusive to each drug and microorganism, like
pathogen-pathogen and pathogen-host interactions, mutations,
cross-resistance, resistance mechanisms, and cross-reservoir drivers,
must be considered (2). Antimicrobial resistance is associated with
an estimated 4.95 million deaths due to the bacterial infections and
the substantial cost of this phenomenon to the global economy
which may amount to USS$ 100 trillion until 2050 if no action is
taken (11). The aim of this review is to discuss the “vicious cycle
of environmental resistance” in which high doses of antibiotics
released into the ecosystem during antibiotic administration lead
to the selection of numerous resistant bacteria and the spread of
antibiotic resistance genes (ARGs) (Figure 1). This comprehensive
effort selected reports from a set of systematic research studies—
performed with robust, validated methods and considering the
significant and interdependent nature of the antibiotic resistance,
encompassing human, animal, and environmental dimensions—
to outline environmental antimicrobial-resistant (AMR) bacterial
pollution and to discuss mechanisms of resistance development
and their environmental properties. In this context, 98 articles were
extracted from published studies, which were obtained by searching
with the combined keywords “antibiotic resistance, ecosystem,
horizontal gene transfer (HGT), and mobile genetic element”, and
66 of these were conducted in the last 10 years. Since combining
antibiotics with nanoparticle (NP)-based carriers offers significant
advantages in overcoming antibiotic resistance, which is a global
problem today, a comprehensive clinical perspective is provided to
encourage the integration of nanoantibiotics (nAbts) into clinical
practice.

Vicious cycle of environmental resistance

Impacts of bacteria on the public health:
1.Epidemiology, mortality, morbidity in
AMR related infections

2.Biodiversity of AMR species
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Figure 1. Vicious cycle of environmental resistance and the supporting factors of GLASS.

ARG: Antibiotic resistance genes, AMR: Antimicrobial resistance, GLASS: Global Antimicrobial resistance surveillance system - launched by World Health Organization in 2015,

WTPs: Wastewater treatment plants.
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Ecological Risk Assessment

Ecological risk assessment is based on the maximum measured
concentration of pharmaceutical compounds in wastewater,
expressedasarisk quotient (RQ), whichisdefined asthe ratio ofapoint
estimate of exposure [estimated environmental concentration (EEC)
or predicted environmental concentration (PEC)] and a point estimate
of effects (12). Compared with marine organisms, the maximum RQ
values were 81,000 for ofloxacin and 440 for ciprofloxacin. These
results indicate that antibiotics entering wastewater systems pose
a high ecological risk due to improper wastewater treatment. This
risk also means that waste pharmaceuticals can contaminate the
food web and lead to antibiotic resistance in pathogenic bacteria
(13). Twenty-two studies reporting drug concentrations in river
and marine sediments have been published since 2000. A total of
62 drugs and their by-products were detected in marine precipitate
at concentrations equivalent to 2,615,000 ng/g wet weight. Among
these antibiotics, 26 were found to have the highest concentrations
in the sediment (14). Fifty-nine papers published between 2002
and 2015 examined concentrations of 169 compounds in sludge
from approximately 450 treatment systems, yielding data on 152
chemicals across 28 classes. Considering the environmental risk
assessment of these compounds in soil, the most critical ones
posing environmental risks in soil contaminated with sewage sludge
were ciprofloxacin, ofloxacin and tetracycline (15). Fourteen studies
reporting drug concentrations in shellfish measured tissue levels
of 60 drugs and 7 by-products. Thirty-eight types of antibiotics
constituted the most frequently reported contaminant class in
these studies, followed by six types of antihypertensive agents.
Ciprofloxacin and enrofloxacin were the most commonly reported
antibiotics, each identified in at least four investigations. Only three
reports reported the presence of erythromycin-based metabolites
and its pharmaceutical transformation products (16,17). The
effects of these pollutants were assessed in mussel tissues using
biomarkers, such as activities of superoxide dismutase, catalase,
glutathione reductase, and phase Il glutathione-S-transferase
(GST); lipid peroxidation levels (LPO), indicating oxidative stress;
and acetylcholinesterase activity, associated with neurotoxicity. The
results indicated potentially harmful impacts on species that may
be sensitive to the continuous discharge of active pharmaceutical
ingredients (APIs) into the ecosystem. Some compounds were found
to significantly increase LPO levels in the liver, while others were
found to increase GST levels in the gills. Indeed, APIs are commonly
detected as environmental contaminants in surface waters due to
incomplete and inappropriate wastewater treatment processes (18-
20). Interestingly, however, some drugs were determined in marine
organisms despite they could not be found in the sampled waters or
sediments at concentrations below those expected to produce toxic
effects (17).

Antibiotics and Their Ecological Effects

The use of antibiotics without a prescription or as a result of
inappropriate prescribing leads to increased AMR, treatment
failures, drug toxicity, and increased treatment costs (21). The
World Health Organization (WHO) has identified AMR as one
of the 10 most important threats to global health (22). A clear
example of this occurred during the Coronavirus disease-2019
(COVID-19) pandemic in 2020. As an inevitable consequence of

the increase in inappropriate antibiotic usage during the COVID-19
pandemic, AMR rates have increased significantly (23). In parallel,
the heavy contamination of sewage with antibiotics has accelerated
the selection of antibiotic-resistant strains within the bacterial
population. This increasing number of antibiotic-resistant bacteria
(ARB) results in increased infection-related mortality rates of
patients (24). These suggest that antibiotics play a significant
role in drug contamination of environmental waste and in their
ecological impacts. Thus, erythromycin-base has been detected at
concentrations of 3.4 ng/g in San Francisco Bay, United States, and
0.7-14 ng/g in the Pearl River, China (25). Furthermore, in waters
sampled in Southern China, 27 antibiotics, primarily quinolones
(6.36-463 ng/L) and aminoglycosides (94.9-458 ng/L), were identified
as posing ecological risks. Higher concentrations of antibiotics are
observed in river water during the dry season than during the wet
season. Organic matter and ammonia nitrogen in the sediment
strongly influence the distribution of these antibiotics. Nevertheless,
the levels of antibiotics detected in this region are not considered
significant in terms of ecological risk (26). However, in the analysis
of sediment samples from the Liao River basin in China, 19 different
antibiotics were identified, with tetracyclines and macrolides being
the predominant antibiotics in terms of concentration. Quinolones
were the most frequently detected antibiotic group, present in
57.1-100% of biological samples, with concentrations ranging from
286.6 to 1655.3 pg/kg. Among the quinolones, enrofloxacin had
the highest bioaccumulation factor (BAF) that can be defined as
the ratio between the concentration of the analyzed antibiotic in
an organism exposed from all sources and the concentration of the
same antibiotic in water, during steady state (27,28). Its pollution
increases public concern about human health and the safety of
aquatic ecosystems. Enrofloxacin in sediment is absorbed by lipid-
rich fish. Therefore, enrofloxacin bioaccumulation in fish habitats
is positively related to fish lipid content (29). Ciprofloxacin, which
WHO classifies as a critically important antibiotic, was investigated
in fresh surface water, groundwater, saltwater, treated municipal
wastewater, untreated municipal sewage, treated hospital
wastewater, and untreated hospital wastewater. Among the 260
articles reporting ciprofloxacin contamination in watersheds,
111 studies were from Europe, 105 from Asia, and 32 from North
America. Of these, 5 studies were conducted in South America and
7 in Africa. To determine the “probability of exceeding the observed
ecotoxicological effect concentration” such as Predicted No-Effect
Concentration (PNEC) and “antibiotic resistance rate” (ABR) for
antibiotics in wastewater “probabilistic hazard assessments” are
conducted. The PNEC is the concentration of an antibiotic in any
environment below which adverse effects will most likely not occur
during long-term or short-term exposure. The risk of antibiotic
resistance (PNEC-ABR) is assessed by comparing the PNEC with the
EEC (or PEC) or with the minimum effective concentration for the
development or maintenance of antibiotic resistance. Since, there
is no universally accepted or regulatory algorithm for obtaining a
reliable ABR-PNEC for bacteria, it is estimated by applying evaluation
factors to bacterial minimum inhibitory concentrations (MICs) (12).
Remarkably, across all geographic regions, 58% of municipal effluents
exceeded the ABR-PNEC for ciprofloxacin. Concentrations reported
in surface waters exceeded the ABR-PNEC by 25%. Concentrations,
which exceeded the ABR-PNEC were found to be by 31% in Europe,
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29% in North America, and 67% in Africa (30). The interaction of
ciprofloxacin with activated sludge from sewage treatment plants
influences its migration and the control of associated risks. Sewage
sludge removes over 96% of the ciprofloxacin from water through
absorption, thereby increasing the ciprofloxacin concentration in
the sediment. Extracellular proteins interact with ciprofloxacin.
Ciprofloxacin contamination results in a decrease in soluble protein
level, a significant elevation in extracellular protein concentration,
and the formation of new extracellular proteins (31). The use of
sewage sludge in ecological agriculture and the consumption of its
products by humans pose a danger to human health by allowing
humans to ingest products contaminated with antibiotics and
increasing the resistance of commensal bacteria to these antibiotics.
As an example, erythromycin has been detected in 1) wastewater,
drinking water, groundwater, estuarine and coastal systems; 2)
sewage sludge, biosolids, and sediments; and 3) tissues of aquatic
organisms. In a study in China, 72.4% of surface waters were found
to be contaminated; in a study in the United States, 85.4% were
found to be contaminated; and in a study in Spain, 41.9% were found
to be contaminated. The PNEC-ABR for erythromycin was found to
be 33.3% higher in Asia, 20% in Europe, and 17.8% in North America
(32). Antibiotic uptake by marine organisms, which are crucial for
human nutrition, is specific to the compound type, the organism
species, and the body tissues. Oxytetracycline accumulates in
the organs, while oxolinic acid (a quinolone family antibiotic that
inhibits DNA gyrase) accumulates in the gills (33). Indeed, among
mollusks species collected from the Bohai Sea of China, antibiotic
uptake appeared to vary depending on the species (34). High
concentrations of fluoroquinolones have been found in liver and
muscle tissue in fish from the marine aquaculture areas of the Pearl
River Delta in South China (35). WTPs constitute a large reservoir of
antibiotics, ARGs, and mobile genetic elements (MGEs). Mechanical
and biological wastewater treatment methods are insufficient for
removing these micro-pollutants. Exposure of ARB to heavy metals in
the soil exacerbates adverse environmental impacts and accelerates
the spread of resistance mechanisms. Excessive heavy metals
in the environment and their high pressure on microorganisms
directly affect the biodiversity of microbial communities living in the
ecosystem (36). HGT is a significant ecological risk factor, leading to
the co-selection of ARGs and metal resistance genes (MRGs) due
to their co-localization on the same MGEs. Resistance arising from
genetic changes triggered by environmental heavy metals in bacteria
entering the environment through sewage systems and WTPs is
an ecological factor that significantly reduces the effectiveness of
antibiotics against bacterial infections (37). Significant correlation
between abundance of ARGs and MGEs in a total of 164 ARGs from 50
soil samples, revealed the importance of HGT for ARG dissemination
(38). HGT and co-localization of the host’s MGE and MRG resistomes
are shared between animal and human fecal samples. Many ARGs
are shared by animals and human feces, in addition to the MGEs-
containing class 1 integron, which are identified on animal feces, are
carried by human pathogens (39).

Ecosystem and Antimicrobial Resistance

The rapid development of ARB is a global health security emergency.
Current attention is centered on the mechanisms of transmission
of ARB across species and the identification of environmental
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reservoirs of antibiotic resistance in wastewater (40). To date,
estimates disclose that 700,000 deaths occur each year due to the
antimicrobial resistance; afterward, by 2050, 10 million deaths are
expected every year (41). The genes selected are widely detected in
wastewater samples, indicate various resistance mechanisms, and
are as well located in different genetic elements, specifically in MGEs
that substantially affect the spread of ARGs (42).

Resistance to antibiotics is acquired by bacteria via two routes:
either vertical evolution (endogenous) or horizontal evolution
(exogenous). Vertical evolution requires a spontaneous mutation
in the bacterial genome that confers increased resistance to an
antibiotic. Horizontal evolution occurs through the transfer of a
resistance gene from a resistant bacterium to a susceptible one.
The mechanisms of this route are conjugation, transduction,
and transformation. During conjugation, the resistance plasmids
containing ARGs are transferred between bacteria. Transformation
is a kind of modification of the bacterial genome by the uptake
and incorporation of exogenous DNA, while the transduction
mechanism is the transfer of bacterial DNA via a viral vector (43).
Wildlife contributes to the spread of antibiotic resistance across a
variety of hosts and ecosystems at two levels. First, this transmission
occurs locally, where animals living alongside humans can serve as
reservoirs and vectors for the spread of antibiotic resistance. Second,
migratory animals such as seagulls, fish and turtles contribute
to the spread of antibiotic resistance across geographic regions
and even between continents, posing a global health concern (4).
Furthermore, the ARGs can be transferred between distantly related
bacterial species and to the human pathogens and the bacteria that
are capable of colonizing the human body (44). Ecological factors
are regarded as potential hotspots for the spread of antimicrobial
resistance. Antimicrobial contamination not only increases the
resistance among environmental bacteria, but also directly impacts
the virulence of antimicrobial-susceptible bacterial infections in
patients by enhancing MICs of antibiotics and bacterial transmission
(45). The proliferation of ARB results in alterations in the antibiotic
susceptibility of the overall microbial population when antimicrobial
levels are below the MIC. Consequently, resistant bacteria generally
survive even in the availability of an antimicrobial level, which
is sufficient to inhibit or kill microorganisms of the same species
(46). Total enterococci and vancomycin-resistant enterococci are
detected in 71% (34/48) and 4% (2/48) of reclaimed water samples,
respectively, while Enterococcus faecalis (E. faecalis) is the major
species. These enterococci in the reclaimed water present high
antibiotic resistance at the point of water use as determined by using
their MICs (47). When tomatoes were exposed to sulfamethoxazole
and trimethoprim, they accumulated the antibiotics at 5.26 pg/kg
and 3.40 pg/kg, respectively. Since the accumulated antibiotics,
ARGs, and antibiotic-resistant pathogens (ARPs) are ingested
via food, treatment of ARPs due to antibiotic resistance poses a
significant challenge (48). Enrofloxacin, ciprofloxacin, ofloxacin,
oxytetracycline, and erythromycin pose a high risk of selecting for
antimicrobial resistance in marine culture water and/or sediment.
Sulfonamide resistance genes sul/l and sul2 are the most common
ones in water and sediment, whereas tetracycline resistance
genes are widespread in the gills and intestines of fish. Species of
Proteobacteria, Actinomyces, and Cyanobacteria are positively
correlated with ARGs, suggesting that they may be potential hosts for
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ARGs. Antibiotic resistance and human infection-related functions of
the microbiome are significantly higher in fish than in marine culture
(49). The development of antibiotic resistance in marine bacteria
has been associated with antibiotic concentrations in wastewater
discharges and aquaculture. Some recently identified genetic
elements and resistance determinants for quinolones, tetracyclines,
and B-lactamases have been found to be shared among aquatic
bacteria, fish pathogens, and human pathogens. To demonstrate
the ecological effects, 35 isolated bacterial strains were tested
for resistance to the eight most frequently detected antibiotics.
Resistance to the tested antibiotics was detected in 97.1% of the
bacterial strains, of which 70.6% exhibited high-level resistance
to the same antibiotics, particularly sulfonamides. Consequently,
high bacterial resistance to antibiotics was significantly correlated
with average antibiotic concentrations (50,51). ARB strains have
been reported to be more prevalent in marine wildlife populations
exposed to sewage contamination. Sharks sampled in the Florida
Keys exhibited resistance to a broad range of antibiotics. Resistance
to at least one antibiotic was detected in all fish species sampled from
each of the six study sites. Multidrug resistance was also reported in
most of the evaluated sites. Interspecific comparisons among redfish,
Sciaenops ocellatus, and sharks from Louisiana offshore waters
revealed a significantly higher prevalence of resistance depending
on the age of the population (52). Evidence has emerged suggesting
that ARB found in seabirds are of human origin. Several extended-
spectrum B-lactamase-producing Escherichia coli (E. coli) isolated
from birds clustered with human-derived isolates. Therefore, wild
birds acquire E. coli with human-derived and human-resistant traits
and thus, serve as an environmental reservoir with the potential to
reinfect human populations (53).

The presence of ARGs in marine ecosystems indicates ecological
changes caused by antibiotics. The presence of ARB phenotypes
was investigated by direct antibiotic susceptibility testing in surface
waters collected from 12 sources. According to the antibiotic
susceptibility test results, resistance ranged from 17% to 100%.
The antibiotic resistance profile against a total of 19 antibiotics
was as follows: Amikacin (17%), gentamicin (17%), ciprofloxacin
(33%), colistin (42%), linezolid (42%), tobramycin (42%), vancomycin
(42%), ertapenem (67%), erythromycin (42%), meropenem (75%),
rifampicin (75%), teicoplanin (75%), tetracycline (75%), trimethoprim
(75%), fusidic acid (83%), aztreonam (92%), clindamycin (92%),
penicillin (92%), and cefoxitin (100%). Multiple resistance, ranging
from one to six antibiotic classes, was observed. It was found
that antibacterial activity decreased sequentially starting from
aminoglycosides to fluoroquinolones, glycopeptides, macrolides,
tetracyclines and B-lactams (54). Although E. coli are inherently
sensitive to practically all clinically significant antimicrobial agents,
these bacteria have a considerable capacity to acquire resistance
genes, usually through HGT. E. coli of animal origin often shows
resistance to other, frequently older, antimicrobial agents, such
as tetracyclines, phenicols, sulfonamides, trimethoprim, and
fosfomycin. However, multi resistance plasmids and other MGEs, like
transposons and gene cassettes in class 1 and class 2 integrons have
significant affect in the dissemination of resistance genes among E.
coli species (55). Evidence indicates that submarine discharges of
treated effluents have negative impacts. The overall ARG content
in the investigated microbiomes was dominated by genes encoding

multidrug efflux pumps, including MexAB-OprM, AcrEF-TolC, and
MdtEF-TolC. The others are the modified peptidoglycan precursors,
transporter genes conferring resistance to tetracycline, macrolide,
and phenicol antibiotics, and the bla operon conferring B-lactam
resistance. Several pathogenic genera introduced by effluents,
like Acinetobacter, Arcobacter, Bacteroides, Escherichia-Shigella,
Klebsiella, Pseudomonas, and Salmonella, show efflux pump-
driven multidrug resistance, however Acinetobacter, Salmonella,
Bacteroides and Pseudomonas emerge as predominant carriers of
non-efflux ARGs conferring resistance to most of nine antibiotic
classes (56). The core marine resistome is primarily involved in
glycopeptide and multidrug resistance. Hosts for this resistome
are largely restricted to the core marine microbiome, and gene
transfer occurs more frequently within rather than between species,
because of the presence of the phylogenetic barriers against the
horizontal transfer of ARGs (57). Amongst multiple genetically
polluted environments, water environments are the most likely ones
constituting huge ARG reservoirs into which clinical and terrestrial
bacteria flow and in which variety of human commensal bacteria
develop (58).

Horizontal gene transfer

Bacteria have developed complicated strategies to counter
pharmaceutical agents, such as decreasing antibiotic influx; reducing
the drug’s binding affinity or preventing drugs from effectively
inhibiting the target enzyme; reducing intracellular concentration
to sub-inhibitory levels via multidrug efflux pumps; inactivating
the drug via hydrolysis of the antibiotic’s functional group or
transferring a chemical moiety to the antibiotic. These resistance
mechanisms against antibiotics may be intrinsic to the species of
bacteria or acquired from others via HGT (59). HGT, accomplished
by conjugation by plasmids, transduction by bacteriophages, and
natural transformation by extracellular DNA, allows genetic material
to pass between strains and species to circumvent the normal
vertical inheritance (60). In addition to these mechanisms, OMVs,
which are abundant DNA reservoirs in aquatic environments, play
an important role in the exchange of ARGs between bacteria (58,61).
Of the three canonical mechanisms of HGT, conjugation is thought
to have the greatest influence on the dissemination of ARGs (62).
In fact, HGT is an epidemic infection model. The model is designed
as a combination of quantitative measures of HGT and vertical gene
transfer (VGT). It was determined that HGT is affected by the inhibitory
mechanism of an antibiotic and its targets include donor, recipient
alone or together, while VGT contributes vastly to the formation
of transconjugants and consequently ARG spreading (63). In the
environment, horizontal DNA transfer between multiple bacterial
species and genera occurs by transformation and transduction,
but primarily by conjugation. Conjugation is liable for the spread
of genes coding for antibiotic resistance (64). Many environmental
factors like nanomaterials, variety of oxidants, as well as light
influence the horizontal transfer of ARGs in water environments (65).
Furthermore, biofilm formation in water environments is considered
to be hot spot for HGT of ARGs (58). HGT drives the evolution of
untreatable “superbugs” by facilitating the accumulation of ARGs
within the same cell. Thereby, HGT allows microbes to rapidly gain
new capabilities and adapt to the environment. High rates of HGT
have been detected among marine bacterial species. The frequency
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of gene transfer detected in the oceans today is between a thousand-
and a hundred-million-fold higher than previous estimates of HGT
(60,66). ARGs are spread through HGT of ARG-associated MGEs (67).
In addition, MGEs promote the assortment of AMR bacteria (68).
Extracellular vesicles (EVs) are mediators of HGT and the spread
of antibiotic resistance. In bacteria, the mrdA/mrdB pathway—a
critical protein complex—consists of PBP2 (encoded by mrdA) and
RodA (encoded by mrdB). Transcriptomic analysis has shown that
mrdA and mrdB are key regulators of EV biogenesis. The mrdA/mrdB
pathway has provided insights into the molecular mechanisms by
which sub-inhibitory dose antibiotic exposure promotes the spread
of antimicrobial resistance (69). New Delhi metallo-B-lactamase
(NDM-1) is one of the most potent and widespread carbapenem-
hydrolyzing enzymes; it is commonly found in bacteria and is
secreted into the extracellular environment within outer membrane
vesicles (OMVs). OMVs containing NDM-1 protect carbapenem-
susceptible bacterial strains against meropenem. The secretion
of NDM-1-containing OMVs ensures the survival of carbapenem-
susceptible bacteria around the infection site (70). Indeed, OMVs
from E. coli carrying NDM-1 not only display carbapenemase activity
but also can protect the populations of carbapenem-susceptible
bacteria (71). To reduce the spread of resistant strains and protect
global public health, stronger antimicrobial governance and policy
reforms are needed, including novel therapeutic approaches, such
as phage therapy and nAbts. Effective interventions across multiple
areas, from diagnosis to antibiotic administration policies, are
critical to control the threat of antimicrobial resistance (72). On the
other hand, studies support the possibility that ARGs in hospitals
can spread through HGT among bacteria found in the microbiomes
of animals such as cockroaches, fleas, or rats, thus these organisms

Stimuli-responsive linkers and combinatory
therapeutic design

may be bioreactors for the horizontal transfer of ARGs among
human pathogens (4). ARGs in plasmids can be transmitted across
clinical and environmental boundaries. Network analysis revealed
four B-lactam genes (blaTEM-1, blaNDM-4, blaKPC-2, and blaSHV-1)
among 1029 plasmids and 45 clinical pathogens. This put forward
that clinically alarming ARGs transfer expedite the propagation of
antibiotic resistance in clinical pathogens (73). Packaged gene sets
transferred via HGT allow bacteria to exchange multiple ARGs in a
single transfer event (74). Horizontal transfer of CTX-M B-lactamase
plasmid-borne blaCTX-M genes detected in Klebsiella pneumoniae
(K. pneumoniae) isolates from hospital environment contributes
to the spread of K. pneumoniae and creates an epidemiological
hazard (75). In summary, HGT plays a significant role in the microbial
ecology of antimicrobial resistance, as it allows the exchange of
ARGs among taxonomically similar bacteria, and HGT rate depends
on environmental conditions. In this context, multidrug-resistant
soil bacteria have perfect nucleotide identity of genes from various
human pathogens (76).

Clinical Perspective

During therapeutic antibiotic use, prolonged exposure of bacterial
pathogens to high concentrations of antibiotics exerts significant
selective pressure, leading to the development of more resistant
bacteria. Although new antibiotics have shown a significant
reduction in the persistence of bacterial infections, the development
of resistance and biofilm formation generally minimize antibiotic
effectiveness (77). The main disadvantages of conventional
antimicrobial agents are their contribution to the development of
multidrug resistance and their adverse effects. The biggest problem,
however, is that newly synthesized antimicrobials do not have the
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Figure 2. Types of nanoantibiotics (nAbts) that are currently used for drug delivery. The most significant advantage of nAbts, formulated to deliver drugs to
infection sites using antibiotic-loaded nanocarriers, over traditional drug delivery systems is that nanoparticles (NPs) prevent the aggressive proliferation
of resistant bacteria at the infection site by giving antibiotics novel functions through stimulus-triggered mechanisms.
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potential to provide a long-term solution (78). Combining antibiotics
with NP-based carriers that offer better biofilm penetration, lower
toxicity, and greater efficacy in combating bacterial resistance has
become essential in overcoming antibiotic resistance, a global
problem today. However, the clinical application of metal NP-based
strategies against bacterial infections has been delayed (79) (Figure
2). In this context, the U.S. Food and Drug Administration (FDA)-
approved- nAbts gold (Au) nanoclusters (NC), auranofin analogues
are found to be effective against Clostridium difficile (C. difficile)
infections, vancomycin-resistant Enterococci, methicillin-resistant
Staphylococcus aureus (S. aureus) (MRSA) (auranofin has the capacity
to eradicate the intracellular MRSA that is found inside infected
macrophages), Helicobacter pylori (H. pylori) infections (synergistic
with the amoxicillin via targeting both the reductive enzyme
thioredoxin reductase and cell wall synthesis). Their anti-plasmodial
activities likely result from direct inhibition of Plasmodium falciparum
(P. falciparum) thioredoxin reductase. In addition, biofilm-associated
bacteria can be treated with ultrasmall AuNPs (80). The daptomycin
(Dap)-Au NCs hybrid structure demonstrates a stronger bactericidal
effect toward MRSA which is a representative of multidrug-resistant
bacteria, over the physically mixed Au NCs and daptomycin (Dap+Au
NCs) (81).

It has been shown that the co-delivery of B-lactam antibiotics
and B-lactamase inhibitors as nAbts, based on metal-carbenicillin
framework-coated mesoporous silica NPs (MSN), is an effective
method against MRSA. The constructed B-lactamase inhibitor-
loaded nAbts are stable under physiological conditions. These nano
formulations are capable of simultaneously releasing antibiotic
molecules and the inhibitors at the site of bacterial infection. Thus,
they achieve more effective elimination of ARB strains and biofilms.
Ultimately, B-lactamase inhibitor-loaded nAbts exhibit greater
penetration into biofilms, making them more effective at inhibiting
MRSA (82). Folic acid tagged chitosan NPs are designed to function
as “Trojan horses” to deliver vancomycin into bacterial cells.
Since these NPs are biocompatible, biodegradable, semisynthetic
polymers, they serve as valuable tools. Nanosized chitosan derivative
loaded with vancomycin improves the transport of vancomycin
across epithelial surfaces, thereby display antibacterial activity on
vancomycin resistant S. aureus (83). Chitosan-capped AuNP coupled
with ampicillin nAbt exhibited a two-fold increase in antimicrobial
effectiveness compared with free ampicillin, while the antibiotic
dosage was reduced to 50% of conventional usage (84). Ampicillin-
functionalized AuNPs utterly demolish ampicillin-resistant bacteria
(85). Similarly, the MIC of vancomycin-AuNPs against S. aureus is
lower than that of free-form vancomycin. Therefore, the growth of
intracellular S. aureus is successfully inhibited in vancomycin-AuNPs-
engulfed macrophages (86). The combined antimicrobial effects
of composite NPs and conventional antibiotics are more effective
against bacteria resistant to conventional antibiotics. Although
two different NPs are effective against the multidrug-resistant
pathogens, each is difficult to functionalize with biomolecules and
drugs. However, doxycycline-conjugated bimetallic NPs demonstrate
substantially higher bactericidal activity against Pseudomonas
aeruginosa (P. aeruginosa), E. coli, and S. aureus. This finding
reveal that synergy of antibiotic with bimetallic NPs present a
greatly efficient application (87). Compared to the ciprofloxacin,
functionalized single-walled carbon nanotubes-ciprofloxacin show

substantial increment in the antibacterial activity by 16-fold for S.
aureus and P. aeruginosa and by 8-fold for E. coli (88). In the majority
of bacterial infections, virulence factors account for the rapid
proliferation of microorganisms within the host. Therefore, novel
therapeutic nAbts are designed with diverse linkers to confer novel
functionalities, such as pH-sensitivity, temperature-sensitivity, light-
sensitivity, redox-sensitivity, and enzyme-sensitivity. Stimulatory
mechanisms launched by NPs increase the selectivity of nAbts
activation and the inhibition of bacteria within the biofilm (89,90)
(Figure 2).

Considering that the antimicrobial mechanism of conventional
antibiotics is generally simple, bacterial resistance emerges
rapidly. Contrarily, majority of the traditional antibiotic resistance
mechanisms are void for metal NP (mNP)-based strategies (91).
Based on existing data, nAbts provide a novel type of attack against
which the bacteria currently lack a defense mechanism. Despite
the resembling antibacterial efficiency, nAbts display lower toxicity
in comparison to free-drug administration (92). Additionally, the
protein corona formation significantly influences the uptake,
biotransformation and biocompatibility as well as the cytotoxicity of
NPs (93-95) (Figure 3). Opsonization of therapeutic NPs by protein
adsorption results in substantial removal by reticuloendothelial
cells, decreasing the bioavailability of circulating NPs at the targeted
application site. Significantly reducing the immunotoxicity of NPs
makes the NP carriers beneficial for antibiotic delivery (96,97).

In fact, antibiotic susceptibility characteristics define the relationship
between a microorganism’s in vitro susceptibility to the drug and
the in vivo exposure of the microorganism to the drug (98). Metal
oxide NPs used in conjunction with antibiotics not only reduce the
toxicity of antibiotics but also improve their antibacterial efficacy
(99). Antibiotic-loaded nanocarriers are designed to deliver drugs
to infection sites, and mNP carriers protect antibiotics against
resistance mechanisms developed by target bacteria (100) (Figure
3). Within mNP carriers, drugs are kept safe from harmful chemical
reactions until they arrive their target in vivo, thus those carriers
preserve the efficacy of the drugs and from antibiotic resistance
mechanisms (101).

NP-based antibacterial drug delivery systems deliver the drug
directly to the target site, thereby side effects are reduced. By proper
NP carrier-mediated drug release, blood levels of the antibiotic at
the targeted infection site can be sustained at the required effective
concentrations for a prolonged period. This leads to improved
stability and reduced frequency of antibiotic administration.
Compared with the free drug at the same concentration, the
drug delivered via an NP carrier has been shown to have a much
greater inhibitory effect on cellular growth and is accompanied by
prolonged drug release (102) (Figure 4). nAbts are administered
alone or in combination with antibiotics to increase the likelihood
of biofilm eradication or shorten the duration of treatment. Since
polysaccharides and extracellular DNA (eDNA) associated proteins
in the extracellular polymeric substance (EPS) matrix participate in
the biofilm structural integrity, deoxyribonucleases (DNases) disrupt
biofilms (103). EPS matrix-degrading enzymes facilitate dispersion of
bacteria within biofilms, leading to more effective bacteriolysis when
combined with antimicrobial agents. Dispersin, glucanohydrolases,
glycoside hydrolases, and DNases enhance delivery of antimicrobial
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agents. Thereby they improve the killing potential of antibiotics
or antimicrobial peptides, if they are administered in combination
against pre-formed biofilms. Ciprofloxacin-loaded poly (lactic-co-
glycolic acid) NPs, functionalized with DNase, exhibit antibiofilm
activity against P. aeruginosa biofilms. Apart from releasing
ciprofloxacin in a controlled manner, those NPs are capable of
disassembling the biofilm by degrading the eDNA that stabilize the
biofilm matrix (104). Drug delivery by lipid or polymer NPs is used
to overcome biofilm resistance. The fusogenic liposomes maintain
the release of antimicrobial agents in close proximity to the bacterial
cells. These nanocarriers protect the antimicrobial compound from
deleterious interactions with the matrix, enzymatic inactivation,
and degradation by various bacterial and host components at the
targeted infection site. Thereby, these nAbts are readily penetrate
the biofilm (105). Anti-biofilm peptides have broad-spectrum
activity against both Gram-positive and Gram-negative bacteria
within biofilms. Furthermore, they present vigorous synergy with
conventional antibiotics (106). The polyethylene glycol shell,
combined with its surface-adaptive charge, allows the mixed-
shell polymeric micelles (MSPMs) to penetrate and accumulate
extensively in Staphylococcal biofilms. After the binding of micellar
nanocarriers to the Staphylococcal cell surface, bacterial enzymes
degrade the MSPM core, and thus the nAbt releases its antimicrobial
content resulting in the killing of bacteria in the deep layers of a
biofilm. This mechanism creates an extremely effective pathway to
control blood-accessible Staphylococcal biofilms with antimicrobials,
through bypassing biofilm recalcitrance to antimicrobial penetration
(107) (Figure 5). Through this novel technology, NP-based carriers
can deliver antibiotics with improved biofilm penetration, thereby
combating bacterial resistance.
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CONCLUSION

Since current European legislation does not include limits on
antimicrobial concentrations in treated wastewater from WTPs,
various antimicrobials have been detected at concentrations
above acceptable levels in numerous WTPs across many European
countries. Therefore, agricultural workers and their families, product
traders, agricultural product consumers, residents of areas and
eco-system irrigated with wastewater are exposed to wastewater
containing high levels of ARGs (108). Hence, antimicrobial resistance
is a significant public health problem worldwide. Given the
important and interdependent aspects of this resistance affecting
humans, animals, and the environment, a “One Health” approach
is necessary to combat it. The One Health concept encompasses
environmental transmission pathways and ecological selection
pressures that sustain resistance beyond host organisms. Whole
genome sequencing performed to determine the ARG profile and
phylogenetic relationship in strains isolated from humans and eco-
system has revealed a significant overlap between major antibiotics
and ARGs (109). This finding indicates that the pharmaceutical
industry and healthcare systems will continue to struggle against ARB
strains. Reducing the spread of antibiotic resistance and alleviating
its burden in humans are critical. Combating antibiotic resistance
and preventing the transmission of ARB and ARG to humans require
implementing control strategies in four areas: (1) Diminishing the
colonization capacity of exogenous ARB; (2) improving human
colonization resistance and reducing HGT of ARG; (3) reversing ARB
antibiotic resistance (110), and (4) determining the permissible
antibiotic concentrations in wastewater discharged from wastewater
plants and legally regulating wastewater treatment systems
accordingly. Although new antibiotics have significantly reduced the
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persistence of bacterial infections, the development of resistance
and biofilm formation generally reduce their effectiveness. Thus,
newly synthesized antimicrobials lack the potential to provide a long-
term solution. Combining antibiotics with NP-based carriers offers
substantial advantages in overcoming antibiotic resistance, which is
a global problem. Currently, only a small number of NP-based and
hybrid nAbts have entered clinical practice. However, to address the
problem of antibiotic resistance—which arises from the overuse
of prophylactic or therapeutic antibiotics without appropriate
medical indications, from the inappropriate selection of alternative
antimicrobials, and from frequent switching between antimicrobial
treatments—more clinical trials are needed to incorporate NP-based
and hybrid nAbts into clinical practice.
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ABSTRACT

Peroral endoscopic myotomy (POEM) is an established treatment
for achalasia and selected spastic esophageal motility disorders, but
several aspects of care remain highly operator-dependent. These
include early diagnosis, patient selection, procedural planning,
myotomy length, intra-procedural safety, training assessment, and
prediction of post-procedure reflux. Artificial intelligence (Al) may
help address these limitations by integrating endoscopic video,
high-resolution manometry, timed barium esophagram, EndoFLIP,
clinical variables, procedural data, and follow-up outcomes into
more personalized decision-support tools. This narrative review
critically examines the evidence for Al across the POEM pathway and
distinguishes direct achalasia or POEM evidence from adjacent and
conceptual applications. Early Al applications are most likely to emerge
in achalasia detection during diagnostic endoscopy, automated motility
interpretation, video-based procedural assessment, and prediction of
clinical response or post-POEM reflux. More ambitious applications,
such as real-time tunnel orientation, vessel recognition, mucosal
injury alerts, and personalized myotomy planning, remain largely
investigational. Most Al-specific POEM applications remain at an early
or conceptual stage and require multicenter validation, standardized
outcomes, and careful clinical governance. Al should support, rather
than replace, expert judgment, and an Al-derived reflux estimate
cannot replace standard follow-up or objective reflux assessment.

6z

Peroral endoskopik miyotomi (POEM), akalazya ve segilmis spastik
o6zofagus motilite bozukluklarinin tedavisinde yerlesik bir yontem
olmakla birlikte, tedavi siirecinin gesitli asamalari halen biyik ol¢tide
uygulayici deneyimine baghdir. Bu asamalar; erken tani, hasta segimi,
islem planlamasi, miyotomi uzunlugunun belirlenmesi, islem sirasinda
guvenligin saglanmasi, egitim dizeyinin degerlendirilmesi ve islem
sonrasi refli gelisiminin 6ngorilmesini kapsamaktadir. Yapay zeka
(YZ); endoskopik video goruntleri, yliksek ¢ozinurlikli manometri,
zamanli baryumlu 6zofagus grafisi, EndoFLIP, klinik degiskenler, isleme
iliskin veriler ve takip sonuglarini blttinlestirerek daha kisisellestirilmis
karar destek araglarinin gelistirilmesine katki saglayabilir. Bu anlatisal
derlemede, POEM sirecinin farkli asamalarinda YZ kullanimina
iliskin kanitlar elestirel olarak incelenmekte ve dogrudan akalazya
veya POEM’e iliskin kanitlar, komsu alanlardaki ve kavramsal
dizeydeki uygulamalardan ayrilmaktadir. YZ’'nin erken dénemdeki
uygulamalarinin; tanisal endoskopi sirasinda akalazyanin saptanmasi,
motilite bulgularinin otomatik olarak yorumlanmasi, video tabanli
islem degerlendirmesi ve klinik yanitin veya POEM sonrasi refliintin
o6ngoriilmesialanlarinda ortaya gikmasi beklenmektedir. Tlinel yéniinln
gercek zamanli olarak belirlenmesi, damarlarin taninmasi, mukozal
yaralanma uyarilarinin olusturulmasi ve kisisellestirilmis miyotomi
planlamasi gibi daha ileri uygulamalar ise buyik o6lgiide arastirma
asamasindadir. POEM’e 6zgli YZ uygulamalarinin ¢ogu halen erken
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ABSTRACT

Keywords: Artificial intelligence, peroral endoscopic myotomy,
achalasia, computer  vision, high-resolution manometry,
gastroesophageal reflux disease

0z

veya kavramsal asamadadir ve cok merkezli dogrulama galismalarina,
standardize edilmis sonug Olgltlerine ve dikkatli bir klinik yonetisim
yaklasimina ihtiya¢ duymaktadir. YZ, uzman klinik degerlendirmesinin
yerine gegmekten ziyade onu desteklemelidir. Ayrica YZ araciligiyla
elde edilen refli tahmini, standart takip strecinin veya objektif refli
degerlendirmesinin yerini alamaz.

Anahtar Sozciikler: Yapay zeka, peroral endoskopik miyotomi, akalazya,
bilgisayarli gorl, yuksek ¢ozindrlikli manometri, gastroozofageal
reflii hastalig

INTRODUCTION

POEM as a Platform for Precision Endoscopy

Peroral endoscopic myotomy (POEM) has transformed the
management of achalasia and selected spastic esophageal motility
disorders. Since its introduction as a natural-orifice endoscopic
alternative to laparoscopic Heller myotomy, POEM has moved from
an experimental third-space endoscopy technique to an established
therapeutic option for idiopathic achalasia, type Ill achalasia, distal
esophageal spasm, jackhammer esophagus, and selected cases of
failed prior therapy (1,2). Its main appeal lies in its ability to provide
a flexible, endoluminal myotomy without external incisions, while
allowing the endoscopist to tailor the length and orientation of the
myotomy according to the underlying motility pattern.

Contemporary guidelines and reviews support POEM as a safe and
effective treatment for achalasia, with outcomes comparable to
established alternatives such as laparoscopic Heller myotomy and
generally superior efficacy to pneumatic dilation in many clinical
settings (2-4). However, POEM remains a highly operator-dependent
procedure. Important decisions are still based on endoscopist
experience, center practice, and interpretation of heterogeneous
pre-procedural data. These include whether POEM is the best
treatment for a given patient, how long the esophageal and gastric
myotomy should be, whether an anterior or posterior approach
is preferable, how to manage sigmoid or advanced achalasia, and
how to balance symptom relief against the risk of post-POEM
gastroesophageal reflux disease (GERD) (2,4).

This shift creates a strong rationale for artificial intelligence
(Al). In achalasia care, clinicians already integrate multiple data
streams, including symptoms, endoscopic findings, high-resolution
manometry (HRM), timed barium esophagram (TBE), functional
lumen imaging probe (FLIP; commonly performed with the EndoFLIP
system) measurements, prior interventions, anatomical complexity,
and patient-specific reflux risk. However, these variables are rarely
combined in a systematic or quantitative way. Al may help convert
this fragmented information into clinically useful predictions,
supporting earlier diagnosis, improved patient selection,
personalized procedural planning, objective intra-procedural
guidance, and tailored follow-up (5). In this review, more precise
terms such as machine learning, clinical prediction model, deep
learning, computer vision, or transformer model are used when the
specific method is known.

The earliest Al applications relevant to POEM are likely to emerge
before and after the procedure rather than during the procedure

itself. For example, computer vision models may assist in recognizing
subtle endoscopic features of achalasia, while clinical prediction
models may help estimate the probability of symptom response,
recurrence, or post-POEM reflux. A recent proof-of-concept
study showed that a model using upper endoscopy videos could
detect achalasia with diagnostic accuracy comparable to expert
endoscopists, supporting the concept that routine endoscopic video
contains clinically useful information that may be under-recognized
during standard visual assessment (6).

Nevertheless, Al in POEM remains at an early stage. Most available
work relates to achalasia diagnosis, general Al in endoscopy, or
outcome prediction rather than real-time Al-guided myotomy.
Therefore, the purpose of this review is not to claim that Al is ready
to perform or direct POEM, but to critically examine where it may
add value across the POEM pathway. The central argument is that
POEM is an ideal model for precision therapeutic endoscopy: it is
technically complex, data-rich, outcome-driven, and vulnerable to
variation in decision-making. Al may eventually help standardize this
pathway while preserving the endoscopist’s central role in judgment,
technique, and patient-centered care.

Methods: Narrative Search Strategy and Evidence
Classification

PubMed, MEDLINE, Embase, Scopus, Web of Science Core Collection,
and Google Scholar were searched from database inception
through April 2026. Search concepts combined “achalasia,” “peroral
endoscopic myotomy” or “POEM” with “artificial intelligence,”
“machine learning,” “deep learning,” “computer vision,” “clinical
prediction model,” “risk score,” “nomogram,” “technical difficulty,”
“adverse event,” “complication,” “clinical failure,” “poor responder,”
“high-resolution manometry,” “functional lumen imaging probe,”
“FLIP” “EndoFLIP” “outcome prediction,” “reflux,” “training,”
or “video assessment.” Relevant studies published through the
April 2026 cutoff were considered, and reference lists of relevant

guidelines, reviews, and eligible studies were also examined.

” o«

English-language, peer-reviewed human studies directly addressing
achalasia or POEM were prioritized. Conventional regression-based
POEM risk scores were included when they addressed treatment
response, technical difficulty, adverse events, or reflux because they
are methodological precursors to Al-enabled prediction; they were
described separately and were not treated as deployable Al systems.
Studies from endoscopic submucosal dissection (ESD), minimally
invasive surgery, or general endoscopy were included only when they
addressed an analogous video or workflow task and were labeled
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as adjacent evidence. Reports were selected purposively for clinical
relevance and methodological detail. This was a narrative review;
duplicate independent screening, protocol registration, formal risk-
of-bias assessment, and meta-analysis were not undertaken.

Evidence was classified as clinically evaluated when a complete
system or conventional prediction model had been tested in a patient
cohort, reader study, or clinical prediction cohort; proof of concept
when evaluation was image-level, preclinical, a small feasibility
study, or limited to a component task rather than a complete clinical
model; adjacent when evidence came from a different procedure;
and conceptual when no direct POEM evaluation was available.
Retrospective design and internal validation were recorded as
limitations rather than overriding the clinically evaluated label for
completed prediction models. Conventional regression-based scores
were identified explicitly so that clinical evaluation was not mistaken
for Al-specific integration or readiness for routine care. These labels
describe the maturity of evaluation and do not imply deployability.

Current Evidence Base and Maturity

The strongest direct evidence concerns recognition of achalasia
during diagnostic endoscopy. Kaklamanos et al. (6) assembled 1,229
videos from 1,203 patients investigated for dysphagia at one center.
Their transformer model used 1,036 videos from 1,010 patients for
training, 98 patients and videos for validation, and 95 patients and
videos for testing, with HRM as the reference standard. In the held-
out test set, model accuracy was 0.926, F1 score 0.821, sensitivity
0.800, and negative predictive value 0.947; two expert endoscopists
had accuracy 0.905, F1 score 0.710, sensitivity 0.550, and negative
predictive value 0.893 (6). The single-center, enriched dysphagia
cohort, exclusions, and small number of achalasia cases in the test
set limit generalizability to routine unselected endoscopy.

Shiwaku et al. (7) conducted a multicenter reader study involving
83 endoscopists from 27 centers. Readers assessed 50 selected
videos, including 25 with achalasia, before and after computer-aided
detection. Sensitivity increased from 74.2% to 91.2% overall and from
66.9% to 91.9% among less-experienced readers (7). The artificial
disease prevalence, repeated case set, and video-reading design do
not establish performance in a live workflow. Both diagnostic studies
are vulnerable to spectrum and selection bias when results from
enriched cohorts and selected videos are extrapolated to routine
endoscopy.

Evidence for automated physiological testing is less mature.
HRM remains the diagnostic reference standard under Chicago
Classification version 4.0 (8), and existing machine-learning work
has mainly addressed component tasks rather than complete clinical
interpretation (9). Czako et al. (10) used single-center, markedly
imbalanced image datasets and an internal image-level split without
external patient-level validation of a complete motility diagnosis.
Carlson et al. (11) studied FLIP panometry in 180 treatment-naive
patients with achalasia, using 140 for training and 40 for testing. Test
accuracy was 78% for spastic versus non-spastic achalasia and 55%
for all three HRM subtypes, supporting a preliminary phenotype
model rather than a replacement for HRM.

Conventional regression-based POEM prediction models provide
direct clinical precursor evidence. Urakami et al. (12) developed
a poor-response score in 244 patients and internally validated
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it by bootstrapping [area under the curve (AUC) 0.78]. Liu et al.
(13) developed a major-adverse-event score in 3,135 patients
with bootstrap internal validation (AUC 0.795), while a separate
3,385-patient study used a 1,693-patient training cohort and
1,692-patient internal validation cohort to develop a technical-
difficulty nomogram (validation AUC 0.743) (14). These retrospective
models are not deployable Al systems and lack independent
prospective validation.

The principal direct machine-learning outcome-prediction study
included 1,824 treatment-naive patients across multiple Japanese
centers, 1,778 of whom underwent POEM. The area under the
receiver operating characteristic curve was 0.70 for persistent
symptoms and 0.61 for reflux esophagitis, indicating moderate and
poor discrimination, respectively (15). No independent geographic
validation or prospective decision-impact evaluation was reported.
Figure 1 maps these direct findings alongside proof-of-concept,
adjacent, and conceptual applications.

Al-assisted Diagnosis and Patient Selection Before POEM

Accurate diagnosis and careful patient selection are central to
successful POEM. Although POEM is highly effective for achalasia,
it is not appropriate for every patient with dysphagia or esophageal
outflow obstruction. The decision to proceed with POEM requires
integration of symptoms, endoscopic findings, HRM, TBE, FLIP data,
previous interventions, anatomical complexity, patient preference,
and reflux risk. Current diagnostic frameworks, including the
Chicago Classification version 4.0, provide a structured approach
to esophageal motility disorders, but interpretation can remain
challenging in borderline cases, spastic disorders, opioid-associated
dysmotility, and patients with prior therapy (8,16).

Al may improve the earliest stage of the POEM pathway by supporting
recognition of achalasia during routine upper endoscopy. Achalasia
can be missed because endoscopic findings are often subtle,
including retained saliva or fluid, mild esophageal dilation, abnormal
contractions, resistance at the esophagogastric junction (EGJ), or a
tight-appearing lower esophageal sphincter. Recent computer-vision
work suggests that Al can identify achalasia from upper endoscopy
videos with performance comparable to expert endoscopists. This
is clinically relevant because many patients experience delayed
diagnosis and may receive repeated endoscopy or empirical reflux
therapy before manometry confirms the disorder (6,7).

Al may also support interpretation of HRM, which remains the
diagnostic cornerstone for achalasia and other esophageal motility
disorders. Manometric interpretation requires specialist expertise
and may be affected by artifacts, catheter position, patient tolerance,
and interobserver variability. Machine-learning tools could help
classify motility patterns, identify achalasia subtypes, distinguish
true spastic disease from artifact, and flag complex studies for
expert review. This is important for POEM because manometric
phenotype influences procedural planning, particularly in type IlI
achalasia and spastic disorders, where a longer proximal myotomy
is often required (9,10).

Patient selection should extend beyond confirming the diagnosis. A
244-patient regression-based score used the pretreatment Eckardt
score, previous treatment, sigmoid esophagus, and esophageal
dilation grade to estimate poor response after POEM, but it was only
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Artificial intelligence across the peroral endoscopic myotomy pathway

Evidence maturity and clinical readiness at each stage

CLINICALLY EVALUATED

Computer vision can flag features
suggestive of achalasia in routine video. -’

Diagnostic endoscopy

Evidence: 1,203 dysphagia patients;
held-out test set and reader comparison.

Limit: single-center, enriched cohort;
\__ no prospective live-workflow validation. J

E———————a————————]

PROOF OF CONCEPT

HRM and FLIP phenotyping

Machine learning can automate selected
tasks and classify FLIP patterns.

Evidence: internal HRM image sets;
180-patient FLIP model (40 test).

Limit: image-level or small internal
\_ Validation; not a full diagnostic pathway. J

CLINICALLY EVALUATED

Clinical prediction models may support
-’ counseling and follow-up prioritization.

Outcome estimation

Evidence: 1,824-patient multicenter cohort;
AUC 0.70 symptoms, 0.61 reflux.

Limit: modest discrimination and no
\__independent geographic validation. J

PROOF OF CONCEPT

Risk estimates may help prioritize review
after POEM, if prospectively validated. "

Follow-up and reflux risk

Low predicted risk must not reduce standard
clinical or objective reflux assessment.

Required: calibration, external validation
\__and post-deployment monitoring. g

° PROOF OF CONCEPT/CONCEPTUAL

Guidance and training

Candidate uses include phase recognition,
safety alerts and video-based feedback.

Retrospective POEM instrument analysis;
adjacent ESD systems.

Limit: Prospective safety and clinical benefit
\_ ©f Al-guided POEM remain unproven. )

CONCEPTUAL

Future models could integrate phenotype,
<‘ anatomy and prior treatment history.

Personalized planning

No validated Al model prescribes myotomy

length, orientation, depth or gastric extension.
Required: prospective impact studies with

\__ Ppatient-centered efficacy and safety outcomes. J

Evidence status: @ clinically evaluated @ proof of concept @ conceptual

Clinical safeguard: all outputs are clinician-facing decision support; responsibility remains with the treating team.

Abbreviations: AUC, area under the receiver operating characteristic curve; ESD, endoscopic submucosal dissection;
FLIP, functional lumen imaging probe; HRM, high-resolution manometry; POEM, peroral endoscopic myotomy.

Figure 1. Evidence maturity across the proposed artificial intelligence-assisted peroral endoscopic myotomy pathway. “Clinically evaluated” denotes
testing in a patient, reader, or prediction cohort and does not indicate readiness for routine care. Direct clinical evidence includes diagnostic endoscopy,
retrospective machine-learning outcome estimation, and conventional regression-based POEM risk scores that are methodological precursors rather than
deployable Al systems. Automated high-resolution manometry and functional lumen imaging probe interpretation remain proof of concept; personalized
myotomy prescription, real-time intra-procedural guidance, and automated training assessment remain conceptual for peroral endoscopic myotomy. A
low predicted reflux risk must not replace standard clinical follow-up or objective reflux assessment.

Al: Artificial intelligence, AUC: Area under the receiver operating characteristic curve, ESD: Endoscopic submucosal dissection, FLIP: Functional lumen imaging probe, HRM:
High-resolution manometry, POEM.: Peroral endoscopic myotomy. (This original figure was created by the authors for this review.)

internally validated and did not compare POEM with alternative
treatments (12). A clinically useful model would ideally estimate
the likely benefit of POEM compared with pneumatic dilation,
laparoscopic Heller
toxin injection, redo myotomy, or conservative management.
Contemporary guidelines support POEM as a safe and effective
treatment for achalasia, with particular value in type Il achalasia
because the myotomy can be extended proximally according to the

myotomy with fundoplication, botulinum

spastic segment. However, treatment selection remains complex
in patients with advanced sigmoid achalasia, severe esophageal
dilation, previous interventions, frailty, high reflux risk, or discordant
symptoms (2,3,16).

Functional assessment may further strengthen Al-assisted selection.
FLIP can assess EGJ distensibility and provide complementary
information before, during, and after myotomy. Persistently low
distensibility after treatment has been associated with poorer
symptomatic outcomes, while excessive disruption of the antireflux

barrier may increase reflux risk. Future clinical prediction models
could combine distensibility metrics with HRM, TBE, endoscopic
findings, and symptom scores to identify patients most likely to
benefit from POEM and estimate the degree of myotomy needed
to achieve adequate outflow relief without unnecessary disruption
(11,17).

A practical Al-assisted pre-POEM workflow could include three
levels. First, computer vision could flag suspected achalasia during
diagnostic endoscopy. Second, automated analysis of manometry
and functional testing could support disease phenotyping and
identify complex or discordant cases. Third, clinical prediction
models could estimate treatment response, technical difficulty,
recurrence risk, and post-POEM reflux risk. Conventional regression
scores already provide internally validated precursor evidence for
several of these tasks, but they are not Al systems and have not
shown prospective decision impact. An Al-assisted approach would
not replace clinical judgment, but it could standardize decision-
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making and reduce variation between centers, particularly where
access to expert motility interpretation is limited (6,7,9-15).

At present, Al-specific pre-POEM assessment remains early and
should be viewed as investigational rather than practice-changing.
Most Al studies are proof of concept, retrospective, or focused
on diagnosis rather than treatment selection; conventional POEM
risk scores are clinically evaluated but remain internally validated
precursors. The key question is not simply whether a model can
classify achalasia, but whether it improves outcomes by helping
clinicians select the right patient, intervention, and procedural
strategy.

Al for Procedural Planning: Toward Personalized Myotomy

Procedural planning is one of the most attractive but least developed
applications of Al in POEM. Although the procedure is often
described in standard technical steps, the optimal strategy varies
substantially between patients. The endoscopist must decide the
orientation of the tunnel, the entry site, the length of esophageal
and gastric myotomy, the depth of myotomy, and the degree of
extension required across the EGJ. These decisions are usually based
on endoscopic judgment, manometric subtype, anatomical features,
and local expertise rather than objective prediction models (18).

The most important planning question is myotomy length. In type |
and type Il achalasia, shorter myotomy strategies may be adequate
in selected patients, while type Ill achalasia and spastic esophageal
disorders often require a longer myotomy that extends proximally
to cover the spastic segment. This is a natural area for Al because
a future model could integrate HRM, TBE, FLIP findings, endoscopic
anatomy, symptom pattern, and prior treatment history to estimate
the minimum effective myotomy length for each patient (19).

Al may also help reduce unnecessary procedural variation. A
recent meta-analysis showed substantial heterogeneity in reported
myotomy length across POEM studies, with longer pooled myotomy
lengths in type Il achalasia than in non-spastic achalasia. This
variation reflects differences in disease phenotype, operator
preference, and evolving procedural strategy. A validated prediction
model could help distinguish patients who need extended myotomy
from those in whom shorter myotomy may achieve adequate
symptom relief while potentially reducing procedural time, tissue
disruption, and reflux risk (20).

Functional assessment could make procedural planning more
objective. FLIP provides real-time information on EGJ distensibility
and may help assess whether the myotomy has achieved adequate
physiological disruption. Studies have shown that distensibility
changes during POEM can be measured incrementally and may
correlate with clinical outcomes. In the future, a model could
combine baseline and intra-procedural distensibility data with
manometric phenotype to guide whether additional proximal or
gastric extension is required (21,22).

Another planning issue is the risk of post-POEM reflux. Unlike
laparoscopic Heller myotomy, POEM is not routinely combined with
fundoplication, and reflux remains a major limitation. Proposed
predictors remain plausible but heterogeneous candidates. In a
92-patient cohort, loss of inspiratory augmentation was associated
with GERD in the evaluable HRM subgroup. Shorter intra-abdominal
lower esophageal sphincter length and type Ill EGJ morphology
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showed nonsignificant trends; myotomy length and orientation were
not significantly associated (23). These findings require external
validation and cannot support routine model-based planning.

Al may also assist in predicting technical difficulty. Direct conventional
evidence already exists: a regression nomogram developed in 3,385
patients and internally validated in 1,692 identified age, disease
duration, sigmoid esophagus, mucosal edema, submucosal fibrosis,
and tunnel length as predictors (14). This model is not an Al system
and lacks independent prospective validation, but it establishes
that technical-difficulty prediction is not entirely conceptual.
Future models could integrate procedural videos, endoscopic
images, radiology, and clinical variables to support operator, center,
equipment, and backup-plan selection (18).

Al-guided prescription of myotomy length, orientation, depth, or
gastric extension remains conceptual, whereas conventional models
for technical difficulty and major adverse events have undergone
internal clinical evaluation (13,14). No validated Al tool can prescribe
a POEM strategy in routine practice. Future studies should develop
clinically actionable models using multicenter datasets, standardized
procedural variables, objective reflux testing, and long-term clinical
outcomes, followed by external and prospective validation. The aim
should not be to replace expert endoscopists, but to make planning
more reproducible, transparent, and personalized (18-22).

Al for lintra-procedural Guidance and Training

Al-assisted intra-procedural guidance represents the most ambitious
future application in POEM. Unlike diagnostic endoscopy, POEM
requires continuous recognition of dynamic procedural steps,
including mucosal incision, submucosal tunnel creation, myotomy,
hemostasis, extension across the EGJ, and mucosal closure. In theory,
computer vision could provide real-time support by identifying
the procedural phase, maintaining orientation within the tunnel,
highlighting vessels, warning of mucosal injury, and prompting
reassessment before closure. The main potential applications across
the POEM pathway are summarized in Table 1.

The rationale for intra-procedural Al is strengthened by progress in
adjacent therapeutic endoscopy. In ESD, computer-vision systems
have been developed for workflow recognition, anatomical structure
delineation, and real-time orientation support. Although these
models cannot be directly transferred to POEM, they show that Al
can analyze complex therapeutic endoscopy videos and provide
cognitive assistance beyond simple lesion detection (24,25).

The supporting evidence remains preliminary and procedure-
specific. Cao et al. (24) developed an ESD workflow-recognition
system from 201,026 frames across 47 cases, performed a small
external evaluation, and demonstrated real-time operation in an
animal study. Scheppach et al. (25) trained anatomical segmentation
on 1,011 still images from 30 ESDs and evaluated real-time use in 12
porcine procedures. These studies demonstrate technical feasibility
in an adjacent procedure, not safety or benefit during human POEM.

A key intra-procedural target is recognition of the correct submucosal
plane. Loss of orientation, difficult tunneling, fibrosis, bleeding, and
inadvertent mucosal injury can increase technical difficulty and
procedural risk. A model could be trained to distinguish the mucosal
layer, submucosal tunnel, circular muscle fibers, longitudinal
muscle, vessels, and areas of poor visibility. Zhu et al. (26) reported
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Table 1. Evidence maturity of potential Al applications across the POEM pathway.

Stage of care

Potential Al
application

Expected clinical
value

Evidence status

Representative
study or data
type

Validation status

Current limitation

Diagnosis

Patient
selection
and risk
stratification

Procedural
planning

Intra-procedural
guidance

Training

Follow-up

Detection of
achalasia from
endoscopic images
or videos

Prediction of poor
response, technical
difficulty, major
adverse events, and
benefit from POEM

Prediction of optimal
myotomy length,
orientation, and
gastric extension

Instrument analysis,
tunnel orientation,

vessel detection and
mucosal injury alerts

Automated video-
based assessment of
procedural steps and
technical errors

Prediction of clinical
recurrence and post-
POEM reflux

Earlier recognition
and referral for
manometry

Better counseling,
case selection,
operator
assignment,

and procedural
preparation

More personalized
and reproducible
POEM strategy

Improved safety
and procedural
consistency

Objective
competency
assessment and
feedback

Tailored
surveillance and
acid-suppression
strategy

Clinically evaluated

Clinically evaluated
conventional
prediction models;
Al-specific
integration and
external validation
remain unavailable

Conceptual for
Al-prescribed
planning

Direct POEM
instrument proof
of concept;
navigation/safety
remain conceptual

Automated
competency
scoring unvalidated

Clinically evaluated
prediction cohorts;
no deployable Al
system

Kaklamanos et
al. (6); Shiwaku
etal. (7)

Urakami et

al. (12); Liu
etal. (13,14);
Takahashi et al.
(15)

Clinical

POEM and

FLIP cohorts;
no direct Al
planning model

Zhu et al. (26);
adjacent ESD
studies (24,25)

POEM
assessment
tool: 12
assessors and
10 videos (30)

Urakami et al.

(12); Takahashi
et al. (15); Kim
et al. (23)

Single-center
held-out test;
multicenter reader
study

Retrospective
bootstrap, split-
sample internal,
or multicenter
development
evaluation

No validated Al
system

Retrospective
POEM video
analysis; no
prospective safety/
benefit validation

Initial human-
rating validation
only

Retrospective
internal or
development-
cohort evaluation;
no decision-impact
study

Selected, enriched
videos; no prospective
live-workflow
validation

No independent
prospective validation;
conventional regression
models are not
deployable Al systems
or comparative
treatment selectors

No evidence that an
Al-prescribed plan
improves efficacy or
safety

Different anatomy and
error costs; false-alert
risk

The assessment tool
is not Al; automated
scoring remains
unvalidated

Heterogeneous
predictors; low
predicted risk cannot
replace standard
follow-up or objective
assessment

Al: Artificial intelligence, ESD: Endoscopic submucosal dissection, FLIP: Functional lumen imaging probe, POEM: Peroral endoscopic myotomy.

retrospective instrument-based analysis of POEM videos; general
surgical Al reviews provide adjacent evidence (27).

Al may also help standardize recognition and documentation of
adverse events. Mucosal injury, bleeding, insufflation-related events,
pain, and aspiration are recognized complications during or after
POEM, although major adverse events are uncommon in experienced
centers. A conventional regression score developed in 3,135 patients
predicted major adverse events with bootstrap internal validation,
but it was not an Al system and was not independently validated
(13). Video-based models could automatically flag bleeding
episodes, prolonged hemostasis, suspected mucosal breach,
repeated loss of tunnel orientation, or difficult closure. Such systems
must be evaluated against established prevention, recognition, and
management standards before clinical use (28).

Training is likely to be a more realistic near-term application than
real-time procedural control. POEM has a significant learning
curve and requires both cognitive and technical skills, including
patient selection, tunnel creation, controlled myotomy, hemostasis,
complication recognition, and closure. Existing training guidance
emphasizes structured curricula, expert supervision, simulation,

animal models, and competency-based assessment rather than
reliance on case numbers alone (29).

Recent work on video-based POEM assessment provides an
important foundation for this direction. The POEM assessment tool
was developed as a structured human rating instrument, not an
Al system. In its initial validation, 12 assessors rated 10 procedural
videos, with variable inter-rater reliability across domains (30). It may
provide a competency framework for future automated assessment,
but automated scoring has not yet been prospectively validated.

In the future, the most practical model may be a staged approach.
Early tools could support retrospective video review and training
assessment. More advanced systems could undergo silent-mode
evaluation before carefully bounded phase-recognition or safety
alerts are introduced. Only after robust prospective and human-
factors validation should Al be considered for real-time decision
support during active myotomy.

Al Prediction of Post-POEM Outcomes and Reflux

Prediction of post-POEM outcomes is clinically relevant because
technical success does not always guarantee durable symptomatic
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benefit. Most patients improve after POEM, but a minority develop
persistent symptoms, recurrent dysphagia, need for retreatment, or
clinically significant reflux. Conventional regression and machine-
learning cohorts provide direct POEM-specific prediction evidence,
although current models remain insufficient for routine decision-
making (12,15). Outcome assessment relies on symptom scores,
endoscopy, pH testing, TBE, HRM, and FLIP, but these data are
often interpreted separately rather than integrated into a single
personalized risk estimate.

Al could help predict clinical response by combining baseline and
procedural variables. Relevant candidates include age, symptom
duration, Eckardt score, achalasia subtype, esophageal diameter,
sigmoid morphology, prior pneumatic dilation or Heller myotomy,
lower esophageal sphincter pressure, integrated relaxation
pressure, FLIP distensibility, myotomy length, gastric extension, and
intra-procedural complications. Existing conventional and machine-
learning models show that such estimation is feasible, but their
internal or development-cohort performance is insufficient for
individual treatment decisions without independent prospective
validation (12,15).

Post-POEM reflux is particularly important because objective reflux
can occur even when symptoms are mild or absent. Reported
candidate predictors are heterogeneous rather than established. In
a 92-patient retrospective cohort, loss of inspiratory augmentation
was associated with GERD in the evaluable HRM subgroup; intra-
abdominal lower esophageal sphincter length, EGJ morphology,
myotomy length, and orientation were not significantly associated
(23). Other cohorts have proposed different baseline and procedural
variables, and differences in reflux definitions and testing further
limit comparability. No reflux-prediction model is ready for routine
use, and objective follow-up remains necessary (4,31).

The value of a reflux-prediction model would be greatest ifitinformed
counseling and surveillance without weakening established care. A
high predicted risk could support careful counseling, avoidance of
excessive gastric extension, consideration of sling-fiber-preserving
techniques or emerging antireflux POEM concepts, and structured
post-procedure surveillance (32). Conversely, a low predicted
risk must not be used to omit standard clinical follow-up, acid-
suppression decisions, endoscopy, or objective reflux assessment
when otherwise indicated.

Longitudinal prediction is another important opportunity. Some
patients remain asymptomatic early after POEM but later develop
recurrent symptoms, reflux esophagitis, abnormal acid exposure, or
need for retreatment. A future model could update risk estimates
using serial Eckardt scores, medication use, endoscopic findings,
pH testing, TBE, and functional measurements. This could support
risk-adapted follow-up, provided that standard surveillance is not
withheld on the basis of an unvalidated estimate.

However, outcome prediction models must avoid overfitting
and clinically misleading conclusions. Many POEM studies are
retrospective, single-center, and heterogeneous in follow-up
duration, reflux definitions, pH testing protocols, and outcome
thresholds. Models trained on such data may perform well internally
but fail when applied to different populations, operators, devices,
and follow-up pathways. Future models should therefore use
standardized definitions of clinical success, objective reflux testing,
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adequate follow-up, external validation, and transparent reporting
and risk-of-bias standards (33,34).

The ideal Al-assisted POEM pathway would begin before the
procedure and continue into follow-up. Al could flag suspected
achalasia during endoscopy, support manometric phenotyping,
predict benefit from POEM, assist with procedural planning, provide
video-based quality assessment, and estimate the risk of recurrence
or reflux after treatment. Such a system would not replace the
endoscopist but could create a more consistent and data-driven care
pathway. Figure 1 summarizes this proposed workflow, while Table 1
summarizes the evidence status of the major applications.

Safety, Generalizability, and Governance

Dataset shift is a central safety problem. A model trained in a high-
volume expert center may fail when case mix, disease prevalence,
endoscope manufacturer, processor, image enhancement, catheter,
FLIP protocol, operator technique, or annotation practice changes.
Class imbalance may conceal poor sensitivity for uncommon but
consequential events such as mucosal injury. Validation should
therefore include geographically and technically distinct centers,
temporal testing, calibration plots, and prespecified subgroup
performance by sex, age, ethnicity, disease subtype, previous
treatment, and procedural complexity.

Fairness cannot be inferred from a single overall accuracy.
Underrepresented groups may receive less reliable estimates,
and missing data may encode unequal access to specialist testing.
Explainability should be matched to the clinical task. False alerts
can distract the operator, whereas false reassurance can delay
recognition of a complication. Automation bias, alert fatigue, and
the effect of Al on trainee skill acquisition require direct human-
factors evaluation.

Governance must address lawful data use, privacy protection for
endoscopy video and physiological data, cybersecurity, version
control, audit logs, regulatory responsibility, and clear assignment of
accountability when the clinician and system disagree. Institutions
should define who may override an output, how failures are
reported, and how performance is monitored after deployment.
Prospective surveillance should assess drift, near misses, subgroup
harm, and workflow effects, with a predefined withdrawal or
recalibration process.

Prediction-model reports should follow the transparent reporting
of a multivariable prediction model for individual prognosis or
diagnosis plus Al statement, and risk of bias should be assessed with
the prediction model risk of bias assessment tool plus Al (33,34).
Early live clinical studies should address the developmental and
exploratory clinical investigations of decision-support systems
driven by Al guidance, while the fairness, universality, traceability,
usability, robustness, and explainability for Al framework informs the
wider lifecycle (35,36). Table 1 summarizes the evidence maturity,
validation status, and principal limitation of each application.

Novelty of This Review

The novelty of this narrative review is its stage-specific evidence-
maturity framework across the complete POEM pathway. It
distinguishes direct achalasia or POEM evidence from adjacent
therapeutic-endoscopy research and conceptual proposals, and it
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links each application to its validation status, principal limitation,
and required clinical safeguards. This approach provides a clinically
oriented research agenda without implying that conceptual
procedural tools are ready for patient care.

CONCLUSION

Al-specific applications across the POEM pathway remain at an early
stage, although conventional regression models provide internally
validated precursor evidence for poor response, technical difficulty,
and major adverse events. The most realistic near-term Al uses are
clinician-facing detection support during diagnostic endoscopy,
bounded assistance with HRM or FLIP interpretation, retrospective
video review, and cautiously calibrated outcome stratification.
Even these uses require external and prospective validation in
representative populations before routine adoption.

Personalized myotomy prescription, real-time tunnel navigation,
vessel or mucosal-injury alerts, and automated training assessment
remain speculative for POEM. Progress requires multicenter
datasets, standardized outcomes, calibration and subgroup analyses,
human-factors and clinical-impact studies, regulatory clarity, and
post-deployment monitoring. Al should augment expert judgment
and must not weaken established diagnostic, procedural, or reflux
follow-up safeguards.
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