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Letter to the Editor / Editore Mektup

COMMENT ON: “FRAGMENTED QRS PATTERN PREDICTS POOR
PROGNOSIS IN SEPSIS AND SEPTIC SHOCK”

YORUM: “FRAGMENTE QRS PATERNI SEPSIS VE SEPTIK SOKTA KOTU PROGNOZU

ONGORUR”

@ Ayse Ayyildizt, M@ Ozge Turgay Yildirm?*

Department of Intensive Care, Eskisehir City Hospital, Eskisehir, Turkiye. 2Department of Cardiology, Eskisehir City Hospital, Eskisehir, Tlrkiye.

Dear Editor,

We are writing to express our views on the recently
published article titled "Fragmented QRS Pattern Predicts
Poor Prognosis in Sepsis and Septic Shock" by Karabacak
et al.l We commend the authors for addressing an
important and clinically relevant topic that explores the
prognostic value of fragmented QRS (fQRS) patterns in
patients with sepsis and septic shock. The study provides
valuable insights into the association between fQRS
patterns and short-term overall survival in critically ill
patients. The authors' findings that fQRS patterns
independently predict worse outcomes, alongside the
need for mechanical ventilation and its duration, are
particularly noteworthy. This observation could
significantly influence the clinical management and risk
stratification of septic patients. However, we would like to
share some constructive comments and raise questions
that may further refine the understanding of this
important subject.?

While the study provides valuable insights into the
prognostic significance of fQRS patterns, the absence of
echocardiographic data is a notable limitation.
Echocardiography could have offered crucial insights into
the structural and functional cardiac abnormalities
associated with fQRS, such as myocardial scarring,
ischemia, or reduced left ventricular ejection fraction.
Including echocardiographic parameters would have
strengthened the association between fQRS and
myocardial dysfunction, providing a more comprehensive
understanding of the underlying mechanisms. Further-
more, this data could have helped differentiate whether

the fQRS patterns observed were primarily reflective of
sepsis-induced cardiomyopathy or pre-existing cardiac
conditions, thereby refining the study's conclusions.
Future research incorporating echocardiographic
assessment alongside ECG findings would significantly
enhance the robustness and clinical applicability of these
findings.

The lack of a control group of patients without sepsis limits
the study’s ability to isolate the impact of sepsis on
fragmented QRS (fQRS) patterns and their prognostic
implications. Including a comparison group without sepsis
but with similar cardiovascular risk factors, such as
patients with stable chronic conditions, could have
clarified whether fQRS patterns are specific markers of
septic myocardial dysfunction or merely reflective of pre-
existing cardiac abnormalities.? For example, fQRS
patterns have been linked to myocardial scarring and
ischemia in non-septic conditions like coronary artery
disease and dilated cardiomyopathy.>* A comparative
analysis might have revealed whether the observed fQRS
patterns are amplified in septic states due to inflamma-
tory and hemodynamic derangements unique to sepsis.
This would also help differentiate sepsis-induced changes
from baseline cardiac abnormalities present in critically ill
patients. Future studies could benefit from stratifying
participants into septic, non-septic critically ill, and
healthy cohorts to establish the incremental predictive
value of fQRS in sepsis. Such an approach would enhance
the clinical utility of fQRS patterns as a specific marker for
septic cardiomyopathy.
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THE RELATIONSHIP BETWEEN ANXIETY LEVELS OF MOTHERS OF LATE

PRETERM AND TERM INFANTS AND BREASTFEEDING SELF-EFFICACY AND

BREASTFEEDING SUCCESS

GEC PRETERM VE TERM BEBEK ANNELERININ KAYGI DUZEYLERI iLE EMZIRME
OZYETERLILIK VE EMZIRME BASARISI ILISKISI
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ABSTRACT

Objective: The aim of this study was to determine anxiety levels of
mothers who gave birth to late preterm and term infants
hospitalized in the Neonatal Intensive Care Units (NICU) and evaluate
the associations with breastfeeding outcomes.

Methods: The descriptive cross-sectional and comparative study was
carried out in two hospitals between June 2019 and December 2021.
The research sample consisted of 50 late preterm and 50 term infant
mothers. The state and trait anxiety scale, the LATCH Breastfeeding
Diagnosis and Evaluation and the Breastfeeding Self-Efficacy Scale
were administered to the mothers.

Results: While no statistically significant difference was found
between mothers of late preterm and term infants in terms of trait
anxiety scale scores in the study (p>0.05). The state anxiety scale
scores of mothers of late preterm infants were found to be lower
(p<0.05). When trait and state anxiety scale scores were compared,
it was determined that the mean state anxiety scale score was
3.8049.26 points less than the trait anxiety scale mean (p<0.001). No
statistically significant difference was found between the research
groups in the scores of the LATCH Breastfeeding Diagnosis and
Evaluation and the Breastfeeding Self-Efficacy Scale (p>0.05).
Conclusion: In this study, the babies need for NICU did not increase
the mothers' anxiety levels. Although state-trait anxiety negatively
affect breastfeeding self-efficacy, breastfeeding support of NICU
staff could positively affect breastfeeding success in mothers with
babies in need of intensive care.

Keywords: Neonatal intensive care units, preterm infants, term
infants, anxiety, breastfeeding
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Amag: Amag: Bu g¢alismanin amaci; bebegi Yenidogan Yogun Bakim
Unitelerinde (YYBU) yatan ge¢ preterm ve term annelerin kaygi
diizeylerini belirlemek ve bebeklerinin emzirmelerini
degerlendirmektir.

Yontem: Tanimlayici kesitsel ve karsilastirmali arastirma, iki hastanede
Haziran 2019-Aralik 2021 tarihleri arasinda gergeklestirilmistir.
Arastirma 6rneklemi 50 geg preterm ve 50 term bebek annesinden
olusturulmustur. Annelere durumluk ve surekli kaygi 6lcegi, LATCH
Emzirmeyi Tanilama ve Degerlendirme Olgegi ve Emzirme Oz yeterlilik
Olgegi uygulanmistir.

Bulgular: Arastirma grubundan geg¢ preterm annelerinin durumluk
kaygi olgegi puanlari daha dustkken, strekli kaygi olgegi puanlari
yoniunden gruplar arasinda istatistiksel olarak anlaml farklilik
saptanmamistir (p>0,05). Strekli ve durumluk kaygi 6lgek puanlari
karsilagtirildiginda durumluk kaygi 6lgegi puani ortalamasinin streklil
kaygi 6lgegi ortalamasindan 3,80+9,26 puan az oldugu ve bu durumun
istatistiksel olarak anlamli oldugu belirlenmistir (p<0,001). Arastirma
gruplari arasinda LATCH Emzirmeyi Tanilama ve Degerlendirme Olgegi
ve Emzirme Oz yeterlilik Olgegi puanlari arasinda istatistiksel olarak
anlaml farklilik saptanmamistir (p>0,05).

Sonug: Bu calismada bebeklerin YYBU'ye ihtiyag duymasi annelerin
kaygi duzeylerini artirmamigtir. Durumluk ve strekli kaygisi emzirme
ozyeterliligini olumsuz etkilemekle birlikte, yenidogan yogun bakim
personelinin emzirme destegi, yogun bakim ihtiyaci olan bebekleri
olan annelerde emzirme basarisini olumlu etkileyebilmektedir.
Anahtar Kelimeler: Yenidogan yogun bakim Uniteleri, preterm
bebekler, term bebekler, kaygi, emzirme
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Introduction

Premature infants make up the majority of the Neonatal
Intensive Care Units (NICU) patient population. The vast
majority of premature infants are also late preterm
infants. The term late preterm was used to describe
infants at 34 (0/7 days) - 36 (6/7 days) gestational weeks.!
Due to the fact that the birth occurred before the
expected date and and babies had health problems, the
relatives of the patients may be anxious during the
intensive care unit hospitalization of their babies.>*
Breastfeeding success in the early postpartum period is
influenced by breastfeeding knowledge and physical and
mental well-being.>® While positive attitudes such as
excitement or satisfaction increase breastfeeding self-
efficacy; negative attitudes such as pain, fatigue, anxiety
or stress reduce the perception of breastfeeding self-
efficacy.” Pregnancy and postpartum stages involve
complex processes that can increase daily stress and
make breastfeeding difficult.® Researchers have shown
that maternal psychosocial factors such as stress and
social support are also the main determinants of
successful breastfeeding.®°

It is important for NICU nurses to evaluate parents'
anxiety, perception and care competencies with a holistic
approach to care. Studies on the effect of anxiety level of
mothers with premature babies on breastfeeding success
and self-confidence are limited. This study was planned
to determine anxiety levels of mothers who gave birth to
late preterm and term infants hospitalized in the NICU
and evaluate the associations with breastfeeding
outcomes. Determining the anxiety levels of mothers in
the postpartum period and knowing the consequences of
anxiety in terms of newborn nutrition will increase the
quality of care given by nurses to mother and baby,
expand their holistic perspective and provide nursing
care that will produce positive health outcomes in the
newborn.

Methods

The descriptive cross-sectional and comparative study
was carried out in a training-research hospital and
gynecology branch hospital between June 2019 and
December 2021. In both hospitals, NICU nurses provide
breastfeeding support to mothers. Nurses provide
information to mothers about the benefits of
breastfeeding, breastfeeding techniques, positions, and
skin-to-skin contact with the baby. Every mother's
situation is different, so each mother is provided with
individual support according to her needs. Nurses closely
monitor the baby's sucking strength and weight gain,
helping the breastfeeding process progress. In addition,
both hospitals have maternal adjustment rooms, in
which mothers are individually trained by nurses on
breastfeeding and care. All babies are accepted directly
from the delivery room.

Two groups were formed as mothers of late preterm and
term infants. For sample calculation, a similar research
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reference!! was taken and 41 individuals from each group
(mothers of late preterm and term infants) were required
(confidence interval: 0.95, margin of error: 0.05, size of
effect: 0.815). Data loss was calculated and a total sample
of 100 mother was formed (50+50).

The data were obtained from the self-report of mothers
who met the inclusion criteria (the baby was hospitalized
in the NICU, the gestational week of the baby was 34.0-
36.6 in the late preterms, 37.0-41.6 in the term, has not
been breastfed the baby yet, there was no health
problem in the baby (congenital malformation,
necrotizing enterocolitis) that may prevent feeding, no
psychiatric disease, who agreed to participate in the
study, and who did not have communication problems).
The data were collected by the researcher by face-to-face
interview method, which lasted 20 minutes. The data
collection form consisted of five parts.

In the first part; according to the literatire
(sociodemographic characteristics, obstetric
characteristics,  breastfeeding  experience,  birth
characteristics, infant characteristics) were questioned.
In the second part, The State-Trait Anxiety Inventory
(STAI) was used. State anxiety is the subjective fear that
an individual feels due to the stressful situation. Trait
anxiety is the tendency of the individual to experience
anxiety. STAl was developed by Spielberger et al. It was
adapted into Turkish by Oner and Le Compte in 1970. It
is a 4-point Likert-type scale consisting of 20 questions
measuring state and trait anxiety levels.1®

While direct statements in the scales indicate negative
emotions, reversed statements indicate positive
emotions. There are ten reversed statements (items 1, 2,
5, 8,10, 11, 15, 16, 19, and 20) in the state anxiety scale
and seven reversed statements in the trait anxiety scale
(21, 26, 27, 30, 33, 36 and 39) exists. In the calculation,
the total weight score of the reverse expressions is
subtracted from the total weight score expressed directly
and the predetermined constant value is added. This
constant value is 50 for the state anxiety scale and 35 for
the trait anxiety scale.’® The most recent value is the
individual's anxiety score. A high score indicates a high
level of anxiety. In our study, the Cronbach's alpha value
was found to be 0.86 for the state anxiety scale and 0.75
for the trait anxiety scale.

In the third part; The LATCH Breastfeeding Diagnostic and
Evaluation Scale was used. The LATCH scale was
developed in 1993 and is one of the widely used scales.
The scale includes assessing holding the breast,
seeing/hearing the baby's swallowing, nipple type,
mother's comfort with regard to the breast and nipple,
and the position of holding the baby. A high score from
the scale indicates high breastfeeding success. The
Turkish reliability of the scale was made by Yenal and
Okumus and it was found to be a suitable and reliable
diagnostic tool for use. The Cronbach alpha value of the
original tool was 0.93, while the Turkish version of the
tool was found to be 0.95.Y7 In our study, the Cronbach's
alpha value was 0.62.

In the fourth chapter; The Breastfeeding Self-Efficacy
Scale was used. This scale is a 33-item scale developed by

2,11-15
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Dennis in 1999 that measures breastfeeding self-efficacy.
It was later reduced to 14 items in 2003. The scale isin a
5-point Likert type and the minimum score is 14 and the
maximum score is 70. The scale has no cut-off point and
an increase in the score means that breastfeeding self-
efficacy is high. Dennis stated that it is appropriate to
apply this scale in the postnatal period.'® The Cronbach
alpha value of the Turkish version of the scale by Alush-
Tokat and Okumus (2010) was 0.86.2° In our study, the
Cronbach's alpha value was found to be 0.91.

In the fifth section, data on nutritional characteristics at
discharge werw included. Based on the literature to
determine the nutritional characteristics of the baby
whose discharge was planned before discharge #11.14:20-22
questions are included. Gestational age, length of
hospital stay, number of breast feeding/day, weight,
height, diet at discharge, and food type at discharge were
evaluated.

Small for gestational age (SGA) infants were evaluated at
birth and at discharge using the Fenton's growth curve
for premature infants.2® A birth weight below the 10th
percentile was defined as SGA. Reaching birth weight at
discharge was also evaluated with Fenton's growth curve
for premature infants.

Ethics committee approval was obtained from the Ankara
Yildirim Beyazit University ethical committee with date
29.05.2019, number 55. Consent was obtained from
mothers of late preterm and term infants by giving
information about the study and having the informed
consent form signed.

The analysis of the data was made in SPSS (Statistical
Package for the Social Sciences) 20.0 ready-made
statistical program. In the evaluation of the data;
Number, percentage, mean and standard deviation were
used as descriptive statistics, parametric (t test) and
nonparametric (Mann-Whitney U test) methods were
used in dependent and independent groups according to
data characteristics. The appropriate one from the
Pearson and Spearman Correlation Analysis was used in
the relationship between the scales. The results were
evaluated at the level of significance p<0.05 at the 95%
confidence interval.

Results

No statistically significant difference was found between
mothers of late preterm and term infants in terms of
sociodemographic characteristics (age, employment
status, income, family type, social security, place of
residence) except education (p>0.05). There was a
statistically significant difference between the groups in
terms of education level (p<0.05) and mothers of term
infants were more likely to graduate from primary school
than mothers of late preterm infants (Table 1).

There was no statistically significant difference between
the study groups in terms of general health and obstetric
characteristics (first gestational age, time between
previous birth and current birth, breastfeeding status of
the previous baby, type of delivery, number of births,
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number of living children, current smoking status)
(p>0.05) (Table 2).

There was no statistically significant difference between
the research groups in terms of number of milk
expression (day), intention to breastfeed, duration (year)
of intention to breastfeed, milk expression status,
feeding route and nutritional properties after
hospitalization, feeding route and nutritional properties
at the time of interview (p>0.05). When the reasons for
hospitalization were examined, the most common causes
of hospitalization in term infants were jaundice,
respiratory distress, hypoglycemia and infection, while
jaundice, prematurity and intrauterine growth restriction
(IUGG) in the late preterm group (Table 3).

The median week of gestation at birth for mothers of
term infants was 38.3 (37.0-41.0)/75.5, and the median
week of gestation at birth for mothers of late preterm
babies was 35.0 (34.0-36.6)/25.5. When the newborn
characteristics of the research group were examined, the
mean birth weight of term infants and late preterm
infants was 3195.0+581 and 2324.7+576 grams,
respectively.

Late preterm infants have a longer hospital stay than
term babies and the difference between them was
statistically significant (p<0.001). There was no
statistically significant difference between the research
groups in terms of the number of breastfeeding/day,
food route, and food type (p>0.05) (Table 4).

The gestational age at discharge was 39.2+3.2 for term
babies and 36.3+1.2 for late preterm babies. The mean
birth weight of term babies and late preterm babies at
discharge was 3173.24592 and 2390.92+567 grams,
respectively While no difference was found between
term infants (n=7, 43.8%) and late preterm infants (n=8,
56.3%) in terms of SGA at birth (p= 0.59), there was a
statistically significant difference between term infants
(n=8, 32.0%) and late preterm infants (n=17, 68.0%) in
case of failure to reach birth weight at discharge (p=
0.04).

While there was a significant difference between the
state anxiety scale scores of the research group (p<0.05),
no statistically significant difference was found between
the trait anxiety scale scores (p>0.05). When trait and
state anxiety scale scores were compared, it was
determined that the mean of the state anxiety scale was
3.849.3 points less than the mean of the trait anxiety
scale, which was statistically significant (p<0.001). There
was no statistically significant difference between the
research groups in the scores of the LATCH Scale (p>0.05)
(Table 5).

In the correlation analysis, there was a moderate,
significant and positive relationship between the state
and trait anxiety scales (r=0.50, p<0.001). There was a
moderate, significant and negative relationship between
the state anxiety scale and the breastfeeding self-efficacy
scale (p= -0.35, p<0.001) and moderate, significant and
negative relationship (p=-0.48, p <0.001) between the
the trait anxiety scale and breastfeeding self-efficacy
scale. Significant, negative but weak relationship was
found between income and trait anxiety scale. (r=-0.23,
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Table 1. Sociodemographic characteristics

Term Infant Mother Late Preterm Infant Mother Total Analysis
n MeantSD n MeantSD n MeantSD
Age 50 29.48+6.02 50 29.36+5.39 100 29.4245.68 t=0.11
p=0.92
n Med((min-max) n Med((min-max) n Med((min-max)
/Mean Rank /Mean Rank
BMI (before pregnancy) 50 24.91(17.26-42.10) 50 24.87(17.26-35.42) 100 24.91 (17.26-42.10) z=-0.28
/51.32 /49.68 p=0.78
n % n % n %
Education level
Primary education 24 48.0 12 24.0 36 36.0 ¥*=6.42
High school 13 26.0 21 42.0 34 34.0 p=0.04
University and above 13 26.0 17 34.0 30 30.0
Working status
Working 7 14.0 8 16.0 15 15.0 ¥2=0.08
Not working 43 86.0 42 74.0 85 85.0 p=0.78
Health insurance
There is 43 86.0 44 88.0 87 87.0 %= 0.09
None 7 14.0 6 12.0 13 13.0 p=0.78
Income status
Income less than expenses 17 34.0 14 28.0 31 31.0 Fish. Ex. T
Income equals expense 29 58.0 33 66.0 62 62.0 p=0.73
Income more than expenses 4 8.0 3 6.0 7 7.0
Family type
Nuclear family 38 76.0 38 76.0 76.0 76.0 ¥2=0.00
Wide family 12 24.0 12 24.0 24 24.0 p=1.00
Living place
Provincial center 32 64.0 29 58.0 61 61.0 ¥x%*=0.38
County, village, town 18 36.0 21 42.0 39 39.0 p=0.54
Total 50 100.00 50 100.00 100 100.00
Table 2. General health and obstetrics characteristics
Term Infant Mother Late Preterm Infant Total Analysis
Mother
n Med((min- n Med((min- n Med((min-max)
max)/Mean Rank max)/Mean Rank
Mother's age at first pregnancy 50 21.5(16-36)/45.0 50 24.0(18-40)/56.0 100 23.0(16-40) z=-1.89
p=0.06
n MeantSD n Mean+SD n Mean+SD
Time between previous and current 50 56.9+36.2 50 45.7+27.0 100 46.9132.4 t=1.40
birth (months) p=0.17
n % n % n %
Number of births
1 17 34.0 19 38.0 36 36.0 ¥*=0.17
2 18 36.0 17 34.0 35 35.0 p=0.92
3 and above 15 30.0 14 28.0 29 29.0
Number of living children
1 17 34.0 19 38.0 36 36.0 ¥*=0.25
2 18 36.0 18 36.0 36 36.0 p=0.88
3 and above 15 30.0 13 26.0 28 28.0
Current smoking status
No 43 86.0 41 82.0 84 84.0 Fish. Ex. T
Yes 1 2.0 5 10.0 6 6.0 p=0.23
Left 6 12.0 4 8.0 10 10.0
Type of birth
Vaginal birth 23 46.0 18 36.0 41 41.0 ¥x%=1.03
Cesarean section 27 54.0 32 64.0 59 59.0 p=0.31
Total 50 100.00 50 100.00 100 100.00
Breastfeeding status in a previous birth
No 1 3.0 5 15.6 6 9.2 Fish. Ex. T
p=0.11
Yes 32 97.0 27 84.4 59 98.8
Total 33 100.00 32 100.00 65 100.00
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Table 3. Newborn and nutritional characteristics

Term Infant Mother Late Preterm Infant Total Analysis
Mother
Med((min-max Med((min-max .
n /M(e(an Rank ) n /M((-.fan Rank ) n Med|((min-max)
Number of milking (days) 50 4(1-12)/36.8 50 5(1-12)/46.0 100 5(1-12) Z;_'Olgs
n Mean+SD n Mean+SD n MeantSD
Intended time to breastfeed 49 27414 50 26413 99 27413 t=0.38
(years) p=0.71
n % n % n %
Nutritional route during hospitalization
Vascular access 7 12.1 17 23.0 24 18.2
- More than
Gastric tube 2 3.4 9 12.1 11 8.3 one option
Mouth 49 84.5 48 64.9 97 73.5 has been
Total 58 100.0 74 100.00 132 100.0 ticked.
Nutritional route during the interview
Vascular access 1 2.0 1 2.00 2 2.0 More than
Gastric tube 0 0.0 0 0.0 0 0.0 one option
Mouth 50 98.0 50 98.0 100 98.0 has been
Total 51 100.00 51 50.0 102 100.0 ticked.
Food type during hospitalization
breast milk 19 38.0 22 44.0 41 41.0 .
Breast milk + formula 25 50.0 25 50.0 50 50.0 Fish.Ex. T.
Formula 6 12,0 3 6.0 9 9.0 p=0.58
Type of food during the interview
breast milk 29 58.0 37 74.0 66 66.0 Fish. Ex. T
Breast milk + formula 21 42.0 10 20.0 31 31.0 b= '0.0'1
Formula 0 0.0 3 6.0 3 3.0
Milking status
No 10 20.0 9 18.0 19 19.0 x2=0.07
Yes 40 80.0 41 82.0 81 81.0 p=0.80
Intention to breastfeed
No 1 2.0 0 0.0 1 1.0 Fish. Ex. T
Yes 49 98.0 50 100.0 99 99.0 p=1.00
Total 50 100.00 50 100.00 100 100.00
Reason for hospitalization
Jaundice 21 42.0 21 41.2 42 41.6
Respiratory distress 12 24.0 7 13.7 19 18.8
Hypoglycemia 5 10.0 1 2.0 6 5.9 More  than
Infection 4 8.0 1 2.0 5 5.0 one  option
: : : has been
UGG 1 2.0 7 13.7 8 7.9 ticked
Prematurity 0 0.0 10 19.6 10 9.9
Other* 7 14.0 4 7.8 11 10.8
Total 50 100.00 51 100.00 101 100.0

*Other: Heart rhythm problems, birth with meconium, cleft palate, dehydration, groaning, fetal anomaly, weight loss
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Table 4. Newborn and Nutritional Characteristics at Discharge

Term Infant Mother Late Preterm Infant Total Analysis
Mother
MeantSD .
n Med((min-max) n ma)l(\;llel\‘:l(é;nr:r;ank n Med((min-max)
/Mean Rank
z=-3.25
Length of stay in NICU (day) | 50 5(1-23)/41.1 50 7(1-35)/59.0 100 5(1-35)
p=0.001
z=-0.61
Number of breastfeeds/day | 50 8(3-24)/48.4 50 8(6-15)/51.7 100 8(3-24)
p=0.54
n % n % n %
Nutritional route at discharge
Breast-feeding 50 80.6 49 81.6 99 81.1 More than
Bottle 12 19.4 11 18.4 23 18.9 one option
has been
Total 62 100.00 60 100.00 122 100 ticked.
Type of food at discharge
breast milk 32 64.0 36 72.0 68 68.0
Fish. Ex. T
Breast milk + formula 18 36.0 13 26.0 31 31.0
p=0.39
Formula 0 0.0 1 2.0 1 1.0
Total 50 100.00 50 100.00 100 100.00
Table 5. State Anxiety Scale, Trait Anxiety Scale, LATCH and Breastfeeding Self-Efficacy Scale Scores of the Research Group
Term Infant Mother Late Preterm Infant Mother
MeantSD MeantSD
Scales n . n . Analysis
Med((min-max)/Mean Rank Med((min-max)/Mean Rank
N . t=2.06
State Anxiety Scale 50 38.6+10.7 50 34.6+8.7 0=0.04
. . t=0.76
Trait Anxiety Scale 50 41.0£9.0 50 39.748.0
p=0.45
LATCH Breastfeeding z=-1.17
Diagnosis And Assessment 50 10 (5-10)/53.2 49 9 (4-10)/46.8 p=0.24
Scale
Breastfeeding Self-Efficacy z=-0.28
50 63 (34-70)/49.2 49 63 (27-70)/50.8
Scale p=0.78
State anxiety scale Trait anxiety scale
MeantSD MeantSD
36.619.9 40.418.5 t= -4.10%*
State anxiety scale - Trait anxiety scale Mean%SD = -3.8+9.3 p<0.001

p<0.05). There was a weak, significant and positive
relationship between the LATCH scale and the
breastfeeding self-efficacy scale (p=0.28, p<0.05).

Discussion

In this study, we determined the anxiety levels of
mothers who were hospitalized in NICU and delivered
late preterm and term infants. Studies have found that
mothers with premature infants hospitalized in the NICU
experience more psychological discomfort than mothers
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with term infants.*?* In Zanardo's study, trait and state
anxiety were found to be higher in late preterm mothers
compared to term mothers.* In our study, no statistically
significant difference was found between the trait
anxiety scale scores of the groups (p>0.05) and the state
anxiety scale was found to be higher in the mothers of
term infants (p<0.05). Similarly, in the study of Celen and
Tas, it was determined that mothers of preterm infants
had a low mean score on the state anxiety scale and did
not experience anxiety, and their trait anxiety levels were
moderate.? In the study of Akgiin Caliskanyiirek et al., it
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was determined that the level of state anxiety increased
as the gestational week progressed.? In our study, it was
determined that the state anxiety level of term infant
mothers was high and this difference due to term infants
mother's lower education level. In the study of Miles et
al.,, mothers' anxiety about their babies' health status was
found to be higher in those with low education levels.
When trait and state anxiety scale scores were compared
in our study, it was determined that the mean of the state
anxiety scale was 3.80+9.26 points less than the trait
anxiety scale (p<0.001). In this study, the babies need for
NICU did not increase the mothers' anxiety levels, on the
contrary, anxiety decreased in the process. It can be
reasoned they were have resulted from the support of
NICU nurses. The cut-off score of the Spielberger state
and trait anxiety scale is 40 points.?® In our study, the
groups' trait anxiety scale was at the cut-off point, but the
state anxiety scale score was below the cut-off point.?’
However, as trait anxiety increased, state anxiety also
increased.

In this study, we examined the effects of anxiety on early
breastfeeding in mothers whose babies were in the
intensive care unit. The great benefits of breastfeeding
preterm infants and the resulting increased survival rates
have led to research on how to optimize the
breastfeeding performance of mothers with premature
infants.?830 |n a systematic review, evidence correlated
newborn nutritional outcomes with maternal mental
health indices.'* The study of Ziomkiewicz et al., showed
that maternal stress has a significant and negative effect
on the composition of breast milk in the postpartum
period.3! Trait anxiety inhibits the release of oxytocin and
prolactin, which are hormones that support the milk let-
down reflex.3>3® Also, acute emotional stress (state
anxiety) is associated with high cortisol and glucose
levels. These hormones are effective in delaying the
fullness of the breast and decreasing the first milk volume
at birth. Second, it provides evidence that lactation
results in endocrinological changes that buffer anxiety
symptoms.3® In our study, as state and trait anxiety
increases, breastfeeding self-efficacy decreases, but
there was no difference between the groups in
breastfeeding success and self-efficacy.

Studies and clinical experience show that late preterm
babies and their mothers have factors that that put them
at risk for unsuccessful lactation that may result in
breastfeeding failure.?>3* In the study of Zanardo et al.,
only 21% of the late preterm sample was found to be
exclusively breastfed.! In our study, while the feeding
route and feeding type of newborns were similar after
hospitalization, the rate of breastfeeding was higher in
late preterm babies at the time of interview. In the
evaluation at the time of discharge, the rate of exclusive
breastfeeding of term mothers decreased and the rate of
taking breastmilk + formula increased compared to the
first intervention time, while the rate of taking only
breast milk in preterm mothers was higher at discharge.
This may be due to the high level of state anxiety and low
education level of term infant mothers. In the study of
Akgiin Caliskanylrek et al., it was determined that one
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unit increase in the state anxiety level decreased the
breastfeeding attitude by 0.54 units.!? It may be logical
that the higher education level of preterm mothers in our
study may have provided knowledge and interest in
breastfeeding. In the study of He et al.,, it is stated that
when mothers with late preterm infants believe in their
ability to breastfeed, they will overcome the difficulties
of doing so, have confidence in their abilities, and can
correctly interpret and respond to the needs of their
infant.3®

In the study of Gupta et al., the rate of breastfeeding at
discharge was 43.8% in late preterm infants.’ In the
study of Crippa et al., it was 16.0%.%¢ Anticipating the help
a mother may need to manage the first feeding at the
breast, Casey et al. indicate in their study that NICU staff
can improve the level of breastfeeding to these high-risk
premature infants who need their therapeutic effects
most.2% In our study, breast feeding rates of late preterm
and term infants (64.0% and 72.0%) were higher
compared to other studies.’®® Breastfeeding among
term-late preterm groups the similarity of success and
breastfeeding self-efficacy was the reason for the
presence of "mother adaptation" services in both
hospitals and the support of NICU nurses about
breastfeeding, and the interventions made increase the
success of breastfeeding. In addition, in our study, it was
determined that while the LATCH score observed in the
first breastfeeding increased, breastfeeding self-efficacy
also increased. Successful breastfeeding can be achieved
by providing mothers with information on the normal
physiology of breastfeeding and the correct methods of
knowing whether the baby is receiving enough milk,
increasing their confidence in breastfeeding, and
receiving support from healthcare professionals when
mothers encounter any breastfeeding problems. Thus,
the use of formulas can be minimized and even
avoided.*’

In this study, the intention to breastfeed in mothers of
late preterm infants (98.0%) and mothers of term infants
(100.0%) were positive, the intended duration of
breastfeeding in mothers of late preterm infants was
2.7141.35 year and term mothers were 2.61+1.0 year. In
this study, it was deduced that the intention to
breastfeed positively affects the breastfeeding success of
mothers in both groups.

In this study, it was determined that the rate of reaching
birth weight at discharge was lower in late preterm
infants than in term infants. Preterm infants may
experience greater weight loss by suckling, and this is
related to maturity. Considering that extrauterine weight
gain is slower in preterm infants,? feeding this group
with breast milk is important.

Breastfeeding self-efficacy may improve breastfeeding
among mothers with late preterm infants.®® It has been
shown that breastfeeding self-efficacy is related to the
duration of breastfeeding.?? A Hong Kong study among
199 postpartum Chinese women with term babies found
that breastfeeding self-efficacy significantly predicted
the duration of breastfeeding.®® In this study,
breastfeeding self-efficacy of mothers in both groups was
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similar (p>0.05) and it was concluded that this similarity
led to similar results in breastfeeding success. (p>0.05).
In the study of Gupta et al., the hospitalization period was
5.0 weeks in very preterm infants and 1.2 weeks in late
preterm infants.!® In our study, the median hospital stay
was 7(1-35)/day for late preterm infants and 5(1-23)/day
for term infants, and the difference between them was
statistically significant (p<0.001). When the reasons for
hospitalization were examined, the most common
reasons for hospitalization in term infants were jaundice,
respiratory distress, hypoglycemia and infection, while
jaundice, prematurity and IUGG in the late preterm
group. In the study of Arayici et al., the reason for
hospitalization to the NICU was respiratory distress in
both groups, while IUGG and nutritional deficiency in late
preterm infants; term infants have jaundice and
polycythemia.?

In conclusion, in this study, the babies need for NICU did
not increase the mothers' anxiety levels. Although state-
trait anxiety negatively affect breastfeeding self-efficacy,
breastfeeding support of NICU staff could positively
affect breastfeeding success in mothers with babies in
need of intensive care.

Developing appropriate strategies for ensuring the
breastmilk intake of NICU infants and encouraging the
interest of health care providers in certain demographics
and psychological characteristics can assist mothers
improve breastfeeding.

Breastfeeding self-efficacy and postnatal support
positively affect breastfeeding success in mothers with
babies in need of NICU. Nurses-midwives and health
professionals should evaluate breastfeeding self-efficacy
and create self-efficacy-enhancing breastfeeding support
interventions to successfully exclusively breastfeed
infants in need of NICU.

Limitations: The data were limited to the self-reports and
observations of the mothers whose babies were
hospitalized in the NICU in two hospitals.
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Amag: Meme kanseri kadinlarda gorilen en sik kanser olup gorilme
sikhgl giderek artmaktadir. Ginumizde meme kanserinin
tedavisinde cerrahi tedavi, radyasyon tedavisi ve kemoterapi gibi
bircok ydntem vardir. Kemoterapi tedavisinde yaygin olarak
kullanilan kemoterapétiklerden birisi olan doksorubisin (DOX) belirli
bir dozun tizerinde tehlikeli yan etkilere ve ilag direncine neden olur.
Mevcut tedavilere kiyasla kombinasyon tedaviler son zamanlarda bu
sorunlarin  Ustesinden gelmek icin ©6nem kazanmistir. Bir
fotoduyarlastirici ile uygulanan fotodinamik terapi klinikte birgok
kanser turiinde uygulanmaktadir. Bu calisma ile meme kanseri
tedavisinde kullanilan DOX’u fotodinamik terapi (PDT) ile aktive
edilen metilen mavisi (MB) ile kombinasyon uygulayarak DOX’un
uygulanmasinda dusuk toksisite ile yiksek etkinlik alinmasi
amaglanmistir.

Yontem: MCF-7 meme kanseri hiicre hatti Uzerinde farkli
konsantrasyonlarda DOX, MB, MB-PDT, DOX-PDT, MB-PDT+DOX ve
DOX+MB-PDT olacak sekilde ayri ayri ve kombinasyon tedaviler
denenmistir. Hicre canliigini  belirlemek igin  MTT testi
gergeklestirilmis ve hiicrelerin %50 canlilk gosterdigi ICso degerleri
hesaplanmistir. Ayrica, MB ve DOX arasindaki etkilesimin derecesini
belirlemek igin kombinasyon indeksi (CI) degeri bulunmustur. Ayrica
DOX ve fotodinamik terapi kombinasyonunun meme kanseri
hicrelerine karsl apoptotik potansiyelini belirlemek igin apoptotik ve
antiapoptotik  belirteglerin  (Bax, Bcl-2) mRNA ekspresyon
seviyelerine RT-PCR ile bakilmistir.

Bulgular: MB-PDT ve ardindan disik konsnatrasyonda DOX (428.4
nM) kombinasyonunun, tek basina DOX'a ve 6nce DOX ardindan MB-
PDT’ye kiyasla kanser hiicresi 6limini indiklemede daha iyi bir
etkiye sahip oldugunu gostermistir. Ayni zamanda bu kombine
uygulama Bcl-2 gen ekspresyonunu dugurirken, Bax gen
ekspresyonunu yukselterek apoptotik potansiyelini géstermistir.
Sonug: Doksorubisin ve metilen mauvisi ile indiklenmis fotodinamik
terapi kombine tedavisi meme kanseri hiicreleri Gzerinde sinerjik,
sitotoksik ve apoptotik etkiler gostererek, umut verici bir yaklagim
sunmustur.

Anahtar kelimeler: Meme kanseri, doksorubisin, fotodinamik terapi,
metilen mavisi, kombinasyon tedavi.
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ABSTRACT \

Objective: Breast cancer is the most common cancer in women and
its incidence is increasing. Today, there are many methods in the
treatment of breast cancer, such as surgery, radiation therapy and
chemotherapy. Doxorubicin (DOX), one of the chemotherapeutics
commonly used in chemotherapy treatment, causes dangerous side
effects and drug resistance above a certain dose. Thus, it reduces the
effect of the treatment. Compared to existing treatments,
combination therapies have recently gained importance to overcome
these problems. Therefore, this study aimed to reduce the dose of
DOX used in breast cancer treatment and increase the effectiveness
of the treatment by combining it with methylene blue (MB) activated
by photodynamic therapy (PDT).

Methods: Different concentrations of DOX, MB, MB-PDT, MB-PDT,
DOX-PDT, MB-PDT+DOX and DOX+MB-PDT were tested separately
and in combination on MCF-7 breast cancer cell line. MTT assay was
performed to determine the cell viability and IC50 values were
calculated where cells showed 50% viability. In addition, the
combination index (Cl) value was found to determine the degree of
interaction between MB and DOX. In addition, mRNA expression
levels of apoptotic and antiapoptotic markers (Bax, Bcl-2) were
analysed by RT-PCR to determine the apoptotic potential of DOX and
photodynamic therapy combination against breast cancer cells.
Results: The combination of MB-PDT followed by low concentrations
of DOX (428.4 nM) had a better effect in inducing cancer cell death
compared to DOX alone and DOX followed by MB-PDT. At the same
time, this combined treatment showed its apoptotic potential by
decreasing Bcl-2 gene expression and increasing Bax gene expression.
Conclusion: The combined treatment of doxorubicin and methylene
blue-induced photodynamic therapy has shown synergistic, cytotoxic
and apoptotic effects on breast cancer cells, offering a promising
approach.

Keywords: Breast cancer, doxorubicin, photodynamic therapy,
methylene blue, combination therapy.
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Girig

En yaygin ve olduriici hastaliklardan biri olan kanser,
hicrelerin  kontrolsiiz  bir sekilde ¢ogalmasi ve
bulunduklari bolge disina yayilarak metastaz yapmasi ile
gelisir. Akciger kanserinden sonra ikinci siklikta goriilen
kanser ¢esidi olan meme kanseri, kadinlarda en sik
gorilen kanser tiiriiniin basinda gelir.?

Cesitli kriter ve siniflandirmalar olmasina ragmen, en
temel meme kanseri tirleri Gg gruba ayrilabilir; meme
kanseri eksprese eden hormon reseptorii (Ostrojen
reseptori (ER+) veya progesteron reseptori) (PR+)),
insan epidermal reseptori 2'yi eksprese eden meme
kanseri (HER2+) ve Ugli negatif meme kanseri (TNBC)
(ER-, PR-, HER2-).2 TNBC, ER, PR veya HER2 eksprese
etmez ve meme kanserlerinin  %15-20'sinde
gorilmektedir. HER2 ise meme kanserlerinin %20-25'ini
olusturur.®> Meme kanseri tiirleri icerisinde en agresif
olani olan TNBC ¢ogunlukla beyin, kemikler, akcigerler ve
karacigere metastaz yapar. Bununla birlikte, cogu zaman
tani aninda ileri evrelerde fark edildiginden yiksek niiks
oranina ve diisiik hayatta kalma oranina yol acar.*
Cerrahi miidahale, radyasyon ve kemoterapi kanser
tedavisinde kullanilan 3 temel tedavi yontemidir.
Kullanilan en yaygin yéntem olan kemoterapi siirecinde
birden fazla anti-kanser ilag uygulanarak basariya ulasma
hedeflenir. Ancak kanserin mutasyona ugramasi,
hastalarda ila¢ direncinin gelismesi, cesitli yan etkilerin
gorilmesi ya da metastatik meme kanserinin son evrede
tanisinin konmasi bu basariy1 gélgelemektedir.”> Bu
nedenle pek ¢ok anti-kanser ilag, hastalar Uzerinde
beklenen etkisini gosterememekte ve hastaligin
ilerlemesine neden olmaktadir. Bu kapsamda kombine
tedaviler 6nem kazanmaktadir.

Fotodinamik terapi (PDT) malign timorlere karsi segici
sitotoksik aktivite gosterirken normal dokuya dulsuk
toksisite gosteren bir tedavi olup son vyillarda kanser
tedavisinde biyik ilgi gérmistiir.® Ug temel bileseni
vardir; 1siga duyarlilastiricilar (photosensitizer), belirli
dalga boylarinda isik ve oksijen. Tek baslarina toksik
degillerdir. Ancak, belirli bir dalga boyundaki isikla
uyarilan 1siga duyarhlastiricilarin - oksijenle molekiiler
reaksiyona girmesiyle hedef dokuda reaktif oksijen
turlerini olusturur. Boylece apoptoz veya nekroz yoluyla
timor hicrelerinin 6limiine yol acar.” Metilen mavisi
(MB), PDT tedavisinde i1siga duyarlastirici olarak kullanilan
bir boyadir. MB, metiltiyoninyum klorir olarak da bilinir.
Hidrofilik ve fenotiyazin tirevidir. 660 nm'de maksimum
optik absorpsiyon sunar.®2 MB sk varliginda aktive
olurken karanlikta toksisite Gretmez. MB ayrica disuk
maliyetli bir 1si8a duyarhlastiricidir. MB, tim bu
ozellikleriyle PDT’de kullanilan iyi bir 1s1ga duyarlastirici
secenegidir.’

Doksorubisin (DOX), Streptomyces peucetius turlerinden
izole edilen bir antrasiklin antibiyotiktir. Adriamisin
olarak da bilinir ve bir¢ok kanser gesidinde antikanser ilag
olarak kullanilmaktadir. DOX enterkalasyon yoluyla DNA
ile etkileserek DNA polimerazi inhibe eder. Boylece
niikleik asit sentezini durdurur. Ayrica, DNA
replikasyonunda 6nemli roli olan topoizomeraz Il ile
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etkilesime girerek enzimin ilerlemesini engeller.?® Ne
yazik ki DOX oldukga etkili olmasina ragmen kanser
hicreleriicin segici degildir ve toksisitesi kullanimini ciddi
sekilde sinirlamaktadir. Bu toksisite sonucunda kalp,
beyin, karaciger ve bobrekler etkilenir ve bu etkilerin
goérilmesi yillar alabilir.?

Apoptozun molekiiler = mekanizmalarindaki kilit
dizenleyicilerden biri Bcl-2 ailesidir. Bu proteinler hiicre
membraniyla iliskili veya sitozolde serbest halde bulunur.
intrinsik apoptozu diizenleyen mitokondrinin hiicre igi
membranlarinda iglev gorurler. Bu aile Bax gibi
proapoptotik ve Bcl-2 gibi antiapoptotik Uyeleri igerir.
Hem sitozolik hem de mitokondriyal Bcl-2 ailesi
Uyelerinin ekspresyon seviyelerindeki degisime bagli
olarak aralarindaki iletisim, hiicrenin 6lim veya hayatta
kalma kaderini belirler'%3,

Kombinasyon tedavisinde iki veya daha fazla tedavi
kullanilarak tedavinin etkinligini arttirmak amaclanir.
Birgok arastirma kombine tedavinin timor biyumesini ve
ilag direncini azaltabilecegini géstermistir.'*!> Bu yiizden
bu calismada MCF-7 meme kanseri hiicre hattinda DOX
ve MB ile aktive edilen PDT’nin kombine tedavisi
uygulanarak DOX toksisitesini ve yan etkilerini azaltmak
amaglanmistir.

Yontem

Hiicre Kultiirii

Ticari olarak temin edilen MCF-7 hiicre hatti (HTB-22, The
American Type Culture Collection;ATCC, Manassas, VA,
USA). 37°C'de, %5 CO?’li ve %95 nem iceren ortamda %10
fetal bovin serumu (FBS, 12103C, Sigma-Aldrich, USA),
yuksek glikozlu Dulbecco modifiye Eagle's besiyeri
(DMEM, ECB7501L, Euroclone S.p.A, Italy) ve 1%
Penicillin- streptomycin (10,000 U/mL, Capricorn
Scientific, Germany) iceren besiyerinde kiltiire edilmistir.
%80-90 yogunluga ulasan MCF-7 Dulbecco’s fosfat buffer
saline (DPBS, ECB4004, Euroclone S.p.A, Italy) ile yikanip
%0.25 Tripsin-EDTA (T4049, Sigma-Aldrich, USA) ile
kaldirilmistir. Tripsin-EDTA-hicre karigimi 1200 rpm’de 3
dk santriflij edilmistir. Santriflij sonrasinda siipernatant
uzaklastirilmis ve taze besiyeri eklenmistir. Hiicreler 96
kuyucuklu plakalara (6x10* hicre/kuyucuk, Euroclone
S.p.A., Italy) ekilerek inkibe edilmistir.

MTT Testi

MTT (3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolyum
bromir) kolorimetrik bir yontemdir. Hiicre canhhginin,
¢ogalmasinin ve sitotoksisitenin bir gostergesi olarak
hicrelerin metabolik aktivitesini 6lgmek icin kullanilir.
MTT sari renkli bir tetrazolyum tuzudur ve metabolik
olarak aktif hicreler tarafindan mor formazan
kristallerine indirgenir. Belirli bir miktar formazanin
DMSO icerisinde ¢6zlinmesiyle olusan bu mor ¢bzeltinin
absorbansi 570 nm'de spektrofotometrik olarak
Olgilebilmektedir. Olusan mor rengin miktari canh hiicre
sayisiyla dogru orantihdir.®

Kombine olarak kullanimda Doksorubisinin ve MB’nin
etkin dozunu (ICso) belirlemek igin MCF-7 hiicreleri 96
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kuyucuklu plakalara 6x10* hiicre/kuyucuk sekilde
ekilmistir. Hucrelerin 24 saat kuyucuklara tutunmasinin
ardindan DOX ve MB igin 32-16-8-4-2-1-0,5-0,25 pM
konsantrasyonlarda 5 tekrar olacak sekilde 24 saat
boyunca inkiilbe edilmistir.  Etken = maddenin
uygulanmadigi hiicre grubu kontrol grubu olarak kabul
edilmistir. Deney siliresi sonunda tim kuyucuklardan
besiyeri uzaklastirilip kuyucuklara 100 pL besiyeri ile 20
pL (5 mg/mL) MTT sollisyonu (T0793(DB0362),Bio Basic
Inc., Markham ON, Canada ) eklenmistir. 3 saat
inkiibasyonun ardindan her kuyucuga 100 pL DMSO
(MERCK) ilave edilmistir. Absorbans degerleri 570 nm’de
ELISA okuyucuda (Multiskan GO-Thermo) olgilmustdr.
Sonuglar GraphPad Prism 9 (California, USA) programi
kullanilarak hiicre canliliginin %50 azalmasini saglayan
doz (ICso) degerleri hesaplanmistir. Tum istatistiksel
analizler GraphPad Prism 9 (California, USA) kullanilarak
gerceklestirilmistir. £ SD olarak ifade edilmistir. Veriler
One-Way ANOVA ile analiz edilmistir. 0.05'ten kuglk p-
degerleri istatistiksel olarak anlamli kabul edilmistir.

Fotodinamik Terapi

Hicreler taze kiltiir ortami uygulanarak 96 kuyucuklu
plakaya ekilmis ve ardindan 37°C'de 24 saat boyunca %5
CO2 altinda inkiibe edilmistir. Ardindan, hiicrelere farkli
konsantrasyonlarda MB (32-16-8-4-2-1-0,5-0,25 uM) ve
DOX (32-16-8-4-2-1-0,5-0,25 uM iceren besiyerinde 1
saat inkiibe edilmistir. inkiibasyon sonrasi hiicreler PBS
tamponuile yikandi ve ardindan 660 nm ile 60 sn isinlama
yapilmistir. 24 saat inkiibasyon sonrasinda Hicrelerin
canliigini belirlemek igin MTT testi uygulanmigtir. Her
deney 5 kez tekrarlanmigtir. Lazer ve ilag uygulanmayan
hicreler kontrol olarak eklenmistir.

MCF-7 Hiicrelerinde MB-PDT ve DOX ile Kombinasyon
Tedavi
Bu calismalar igin iki farkli kombinasyon yapilmistir.

Once MB-PDT Ardindan DOX ile Tedavi

96 kuyucuklu plakalara 6x10* hiicre/kuyucuk olacak
sekilde ekilen MCF-7 hicreleri tutunmasi igin 24 saat
37°C'de, %5 CO2'de inkiibe edilmistir. 24 saat sonunda
hicrelere MB igin hesaplanan ICso degerinin altindaki bir
konsantrasyon (3,5 uM) 5 tekrar olacak sekilde taze
besiyeri ile eklenmis ve 1 saat inklbe edilmistir.
inkiibasyonun ardindan tiim kuyucuklardan besiyeri
uzaklastirihp PBS ile yikanmistir. Hiicrelere 660 nm dalga
boyu ile 60 saniye lazer 15181 uygulanmistir. Daha sonra
hicrelere farkli konsantrasyonlarda DOX (32-16-8-4-2-1-
0,5-0,25 pM) ilave edilip ve 24 saat inkibasyona
birakilmistir. inkiibasyonun ardindan hiicre canlihigini
belirlemek icin MTT testi gergeklestirilmistir.

Once DOX Ardindan MB-PDT ile Tedavi

MCF-7 hiicreleri 6x10* hiicre/kuyucuk olacak sekilde 96
kuyucuklu plakalara ekilmis ve 24 saat inkiibe edilmistir.
Daha sonra hticrelere farkli konsantrasyonlarda DOX (32-
16-8-4-2-1-0,5-0,25 pM) ilave edilip ve 24 saat
inkiibasyona birakilmistir. inkiibasyonun sonunda tiim
kuyucuklardan besiyeri uzaklastiriip PBS ile yikanmistir.
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3,5 uM MB iceren taze besiyeri ile 1 saat inklbe
edilmistir. Ardindan hicrelere 660 nm dalga boyu ile 60
saniye lazer g1 uygulanmig olup hicre canhhgini
belirlemek icin MTT testi gergeklestirilmistir.

Ayrica tedavileri daha iyi karsilastirmak amaciyla
DOX+PDT (lazer), MB+PDT, MCF-7+PDT tedavileri
uygulanmistir. Uygulanan DOX ve MB dozlari 32-16-8-4-
2-1-0,5-0,25 puM’dir. 5 tekrar olacak sekilde 24 saat
boyunca inkiibe edilmistir. inkiibasyon sonrasi 660 nm
dalga boyu ile 60 saniye lazer 15181 uygulanmig ve hicre
canliligini belirlemek icin MTT testi yapilmistir.

Kombinasyon indeksi (Cl) Hesaplanmasi

MB ve DOX arasindaki sinerjik etki, CompuSyn yazilim
programi (Chou and Martin, 2005, Compusyn Inc, USA)
kullanilarak hesaplanmistir. Kullanilan formal CI =
D1/(Dx)1 + D2/(Dx)2. (Dx)1 ve (Dx)2, belirlenen bir
konsantrasyonda hiicre biylmesini inhibe etmek igin
gereken ve tek basina uygulanan MB ve DOX dozlaridir.
D1 ve D2 ise, kombinasyon halinde uygulanan DOX ve MB
dozlaridir. 1'in altindaki ClI degerleri sinerjiyi (Cl < 1), 1’e
esit olan Cl degerleri (C=1) aditif etkiyi ve 1'in Gzerindeki
Cl degerleri antagonizmi (Cl>1) gosterir. Etkilenen
fraksiyon (Fa) dozdan etkilenen blyime inhibisyonunu
belirtir.!” Fa’ya iliskin ortalama Cl degerleri, DOX ve
MB'ye ait sekiz kombinasyonu hesaplamak igin kullanildi.

Gene Ekspresyon Analizi
MCF-7 hicresinde anti-apoptotoik, pro-apoptotik
genlerin (Bax ve Bcl-2) mRNA ekspresyon seviyeleri

sadece DOX, DOX+MB-PDT ve MB-PDT+ DOX
kombinasyonu kullanilarak gPCR ile belirlenmistir.
Hicrelere 24 saatlik inkiibasyonda belirlenen IC50

degerlerinde DOX, MB ve 660 nm lazer uygulanmistir.
Ardindan, total RNA izolasyonu ve ardindan cDNA sentezi
gerceklestirilmistir.  Referans gen olarak GADPH
kullanilmistir. Primerler, Bax ve Bcl-2 Gen Bankasinda
yayinlanan gen dizisine gére Primer3 yazilimi kullanilarak
tasarlanmistir. Primer setleri Tablo 1'te verilmistir. ifade
diizeyleri 2-AACt yontemi ile hesaplanmistir.

Tablo 1. Primer dizileri

Primer Dizi

Bax-F TCAGGATGCGTCCACCAAGAAG
Bax-R TGTGTCCACGGCGGCAATCATC
Bcl-2-F ATCGCCCTGTGGATGACTGAGT
Bcl-2-R GCCAGGAGAAATCAAACAGAGGC
GADPH-F GTCTCCTCTGACTTCAACAGCG
GADPH-R ACCACCCTGTTGCTGTAGCCAA

istatiksel Analiz
Tum istatistiksel analizler GraphPad Prism 9 (California,
USA) kullanilarak gercgeklestirilmistir. = SD olarak ifade
edilmistir. Veriler One-Way ANOVA ile analiz edilmistir.
0.05'ten kiguk p-degerleri istatistiksel olarak anlamh
kabul edilmistir.
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Bulgular

DOX'un ve MB’nin MCF-7 Hiicre Hattindaki Etkisi

Farkh konsantrasyonlarda (32-16-8-4-2-1-0,5-0,25 uM)
uygulanan DOX'un meme kanseri hiicre hatti MCF-7'nin
canlilig tzerindeki etkisi arastirilmistir. Sonuglar, DOX ve
MB’nin konsantrasyonunun artmasiyla hiicre canhhginin
azaldigini, inhibisyon degerinin arttigini gostermistir.
DOX’un 24 saatte MCF-7 hiicre hattindaki |Cso degeri 6,8
UM ve MB’nin ise 5,42 uM olarak hesaplanmistir (Sekil 1).

MCF/7

sokkok

DOX 24H

MB 24H
MB+PDT
DOX+PDT
DOX+MB-PDT
MB-PDT+DOX

sk

KAk

AR

7+ TR

BEBEBER

IC50 Degeri

Sekil 1. Doksorubisin (DOX), metilen mavisi (MB) ve
kombinasyon tedavilerin (MB+ fotodinamik terapi (PDT),
DOX+PDT, DOX+MB-PDT, MB-PDT+DOX) ICso degerleri
(**+*%p<0.0001).

DOX+PDT’nin ve MB+PDT’nin MCF-7 Hiicre Hattindaki
Etkisi

DOX’un ardindan yapilan lazerin etkisi 32-16-8-4-2-1-0,5-
0,25 uM konsantrasyonlarda uygulanarak incelenmistir.
Sadece DOX uygulamasi ile karsilastirildiginda 32-16-8-4-
2-1-0,5-0,25 pM’da %77, %67, %57,6, %43,2, %31,1,
%27,8, %22,1, %18,6 olan inhibisyon degerleri %80,9,
%77,1, %68,2, %59,4, %48,1, %37,8, %31,4, %23,7'ye
yukselmistir (Sekil 2). Sadece DOX'un 24 saatteki ICso
degeri 6,8 uM iken bu deger DOX+PDT'nin birlikte

uygulamasinda 2,26 uM  olarak  bulunmustur
(##*%p<0.0001).
MCF/7
100
© DOX 24H
ot = MB 24H
——— -+ MB+PDT
_ o F T o DOX+PDT
&3 DOX+MB-PDT
§ —— MB-PDT+DOX
0 10 23 ;0 43
Konsantrasyon (uM)
Sekil 2. Doksorubisin (DOX), metilen mavisi (MB), ve
kombinasyon tedavilerin (MB+ fotodinamik terapi (PDT),
DOX+PDT, DOX+MB-PDT, MB-PDT+DOX) MCF-7 hiicre

hattindaki inhibisyon grafigi.
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Sonuglar, 32-16-8-4-2-1-0,5-0,25 uM konsantrasyonlarda
MB ardindan uygulanan lazerin etkisi tek basina
uygulanan MB’ye gore inhibisyon degerini daha da
arttirdigini géstermistir. %85,4, %85,2, %77,2, %48,8,
%35,6, %29,6, %23,1, %16,1 olan inhibisyon degerleri
%89,8, %82,8, %77,7, %54,8, %47,8, %39,7 %35,4 ve
%26,9’a yukselmistir. Ek olarak, 5,42 uM olan ICso degeri
lazerin etkisi ile 3,57 uM’a gerilemistir.

DOX+MB-PDT’nin MCF-7 Hiicre Hattindaki Etkisi

Sekil 2. ye gbre 24 saatlik DOX tedavisinden sonra
uygulanan MB-PDT’'nin DOX+PDT’ye goére inhibisyon
degerinde ¢ok 6nemli bir artma goriilmese de ICso degeri
2,26 uM’dan 1,32 uM’a dismustar.

MB-PDT+DOX’un MCF-7 Hiicre Hattindaki Etkisi
MB-PDT ardindan uygulanan DOX tedavisi sonucunda
inhibisyon degeri %85,5, %81,1, %77,6, %71,6, %64,5,
%60,6, %58,3, %45,1‘'yve 6nemli Olglide artmistir. I1Cso
degeri 428.4 nM bulunmustur. Boylece MB+PDT
tedavisinde elde edilen ICso degeri (3,57 uM) DOX etkisi
ile 428.4 nM’a gerilemistir. Sonug olarak tim tedaviler
karsilastirildiginda, en yiiksek 6liim ve inhibisyon yizdesi,
hicreler MB-PDT ve ardindan DOX tedavisi
uygulandiginda gozlenmistir (***+p<0.0001).

MB-PDT+DOX Tedavisinin MCF-7 Hiicreleri Uzerindeki
Kombinasyon indeksi (Cl) Analizi

MB-PDT ardindan 32-16-8-4-2-1-0,5-0,25 UM
konsantrasyonlarda uygulanan DOX tedavisinin MCF-7
hiucrelerindeki kombinasyon indeksi (Cl) analiz grafigi
Sekil 3'te gosterilmistir. Cl <1, =1 ve >1 degerleri sirasiyla
sinerjistik, aditif ve antagonistik etkileri temsil eder.
inhibitér oranini ise etkilenen fraksiyon (Fa) gdsterir.

:

Cl

Fa

Sekil 3. MB-PDT'den (Metilen mavisi-Fotodinamik terapi) sonra
uygulanan farkli konsantrasyonlardaki doksorubisin (DOX)
tedavisinin  MCF-7 hiicrelerinde biyime inhibisyonunun
kombinasyon indeksi (Cl) analizi.

Analiz sonucu MB-PDT ardindan DOX kombinasyonunun
0,25 uM harig tim konsantrasyonlarda Cl degerinin 1'den
dusik ve sinerjistik oldugunu ortaya gikarmistir (Tablo 2).
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Tablo 2. MB-PDT'den (Metilen mavisi-Fotodinamik terapi)
sonra uygulanan farkli konsantrasyonlardaki doksorubisin
(DOX) tedavisinin kombinasyon indeksi (Cl) analizi.

MB Dozu DOX Dozu Cl Degerleri Etkisi

(uM) (»M)

3,5 32 0,41378 Sinerjizm
3,5 16 0,44999 Sinerjizm
3,5 8 0,44732 Sinerjizm
3,5 4 0,56188 Sinerjizm
3,5 2 0,75277 Sinerjizm
3,5 1 0,85384 Sinerjizm
3,5 0,5 0,91456 Sinerjizm
3,5 0,25 1,75517 Antagonizm

DOX+MB-PDT Tedavisinin MCF-7 Hiicreleri Uzerindeki
Kombinasyon indeksi (CI) Analizi

DOX ardindan uygulanan MB-PDT tedavisinin MCF-7
hicrelerindeki kombinasyon indeksi (Cl) analiz grafigi
Sekil 4’te gosterilmistir.

2 1 DOR+hM

Cl

[olo]

Fa

Sekil 4. Farkh konsantrasyonlarda uygulanan doksorubisin
(DOX) tedavisi ardindan yapilan MB-PDT (Metilen mavisi-
Fotodinamik terapi) tedavisinin MCF-7 htcrelerinde blyime
inhibisyonunun kombinasyon indeksi (Cl) analizi.

Analiz sonuglari DOX ardindan uygulanan MB-PDT
tedavisinin 32-16-8-4-2 uM’da Cl degeri 1'den dusik ve
sinerjistik etki, 1-0,5-0,25 uM’da Cl degeri 1'den biylk ve
antagonist etki gostermistir (Tablo 3).

Tablo 3. Farkli konsantrasyonlarda uygulanan doksorubisin
(DOX) tedavisi ardindan yapilan MB-PDT (Metilen mavisi-
Fotodinamik terapi) tedavisinin kombinasyon indeksi (Cl)
analizi.

MB Dozu DOX Dozu . ) .
Cl Degerleri Etkisi
(uMm) (1m)
3,5 32 0,67315 Sinerjizm
3,5 16 0,65838 Sinerjizm
3,5 8 0,80353 Sinerjizm
3,5 4 0,85953 Sinerjizm
3,5 2 0,92748 Sinerjizm
3,5 1 2,30276 Antagonizm
3,5 0,5 3,19629 Antagonizm
3,5 0,25 6,88738 Antagonizm
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Gen Ekspresyon Sonuglari

MCEF-7 hiicrelerinde tek bagina DOX uygulnmasina kiyasla
kombine DOX ve MB aracili fotodinamik terapi tedavisi
MCF-7 hicrelerinde Bcl-2 ve Bax genlerinin mRNA
ekspresyon seviyelerini degistirmistir. Bu degisim Once
MB-PDT sonra DOX uygulanmasinda daha fazla olmustur.
Sonuglar kontrole goére normalize edilmis ve istatiksel
acidan anlamh olmasi degerlendirilmistir.

Bcl-2'nin mRNA gen ekspresyon seviyeleri yalnizca Dox
icin MCF-7'de istatistiksel olarak anlamli bir sekilde
kontrole gore 0.86 kat, DOX+MB-PDT kombinasyonu igin
0.63 kat ve MB-PDT +DOX kombinasyonu igin 0.53 kat
azalmistir (Sekil 5).
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Sekil 5. DOX tek basina ve kombinasyon halinde 24 saatlik
inkiibasyonda Bcl-2 mRNA ekspresyon seviyeleri Uzerindeki
etkisi. Veriler kontrole normalize edilmistir. (n=3, **p < 0.01,
*xkxp < 0.0001).

Bax icin mRNA ekspresyon seviyeleri sadece hiicerelere
DOX uygulandiginda kontrole goére gen ifadesi 1.37 kat,
once DOX ardindan MB-PBT uygulandiginda 1.57 kat ve
once MB-PDT ardindan DOX uygulandig§inda 1.81 kat
artmistir (Sekil 6). Bu artislar Gg grup icinde kontrole gére
istatiksel agidan anlamli bulunmustur.

Tartisma

Antrasiklin antibiyotik doksorubisin (DOX) yillardir meme
kanseri, yumurtalik kanseri, akciger karsinomu, akut
I6semi gibi pek ¢ok kanser gesidinde kullanilan bir anti-
kanser ajandir'®. Klinikte kullanimi yaygin olmasina
ragmen sitostatik etkisi genellikle terapotik dozlarda
yetersizdir. Daha yiksek dozlarda kullanimi ise kalp,
beyin, karaciger ve bobrekler dahil olmak Uzere ¢esitli
organlarda gesitli olumsuz etkilere neden olabilir. Ayrica
kanser hiicrelerinde DOX direncinin gelismesi tedavinin
etkinligini azaltmaktadir.®® Bu sorunlarin Ustesinden
gelmek ve DOX'un etkinligini artirmak igin c¢esitli
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¢alismalar yapilmistir. Bu ¢alismalardan bir tanesi PDT ile
kombinasyon tedavidir.
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Sekil 6. DOX tek basina ve kombinasyon halinde 24 saatlik
inkiibasyonda Bax mMRNA ekspresyon seviyeleri Uzerindeki
etkisi.  Veriler kontrole normalize edilmistir. (n=3,
*%%%p<0.0001).

Metilen mavisi (MB), fotodinamik terapide (PDT) isiga
duyarhlastirici olarak kullanilan bir fenotiyazinil boyadir
ve antikanser tedavisi i¢cin umut verici olmustur. Akridin
boyalarina benzer diizlemsel yapisi nedeniyle MB, DOX
ile benzer sekilde DNA ile kolayca etkilesime girebilir.’® Bu
yuzden bircok calisma PDT ile DOX'u kombinasyon
uygulayarak tedavi etkisinin arttirabilecegini
gostermistir.

Aniogo ve ark.?’ DOX ile siilfonatl ¢inko ftalosiyanin
(ZnPcS ) PDT ile anti-kanser etkisini MCF-7 hiicre hattinda
ayri ayri ve kombinasyon halinde incelediler. DOX ve
ZnPcS konsantrasyonlari giderek arttirildi. Bu galismanin
sonuglari, DOX-PDT kombinasyon tedavisinin MCF-7
hicrelerinin ¢ogalmasini ve biyimesini daha etkili bir
sekilde engelledigini gosterdi. Ayrica PDT’nin daha diisik
dozlarda DOX ile kombinasyonunun meme kanseri
tedavisinde umut verici bir kombinasyon terapi stratejisi
oldugunu goéstermektedir. Zakaria ve ark.’®* MCF-7
hiicrelerinde DOX ile 5-Aminolevulinic acid (ALA)‘nin PDT
ile etkisini arastirdilar. DOX + ALA/PDT ile tedavi edilen
hiicrelerde, bireysel etkileriyle karsilastirildiginda daha
fazla hiicre 6limu gorilda.

Dos Santos ve ark.?? {ic meme epitel hiicre hattinda MB
kullanarak  PTD'nin  hiicre 6ldirme potansiyelini
degerlendirdi. MDA-MB-231 (TNBC), MCF-7 hiicre
hatlarinda ve neoplastik olmayan MCF-10A hiicre
hattinda MB varlginda ve yoklugunda 660 nm'de PDT
uygulandi. En ylksek olim malign hicrelerde sirasiyla
MDA-MB-231, MCF-7 ve MCF 10A hatlarinda gozlendi.
Yousefi Sadeghloo ve ark.? farkli konsantrasyonlarda
DOX, MB ve MB-DOX'un kombinasyon terapisinin MDA-
MB-231 hiicre hatti Uzerindeki etkisini arastirdi. Once
DOX ardindan MB-PDT tedavisi ve dnce MB-PDT sonra

118

DOX tedavisi olacak sekilde iki farkl uygulama yapilmistir.
Sonuglar, MB-PDT ve ardindan DOX'un (dusuk
konsantrasyonlarda bile) kullanildigi kombinasyonun,
kanser hiicresi 6limini tetiklemede tek bagina DOX'tan
daha etkili oldugunu géstermistir.

Bu calismada DOX'un MCF-7 meme kanseri hiicreleri
Gzerinde ayri ayri ve MB-PDT varliginda DOX'un etkilerini
degerlendirdik. Boylece MB ile fotodinamik tedavinin
etkinligini arttirarak hiicre 6lim oraninin arttiriimasi ve
ilag dozunu azaltarak yan etkilerinin azaltilmasi
hedeflenmistir. DOX, MB, MB-PDT, DOX-PDT, MB-
PDT+DOX ve DOX+MB-PDT olacak sekilde ayri ayri ve
kombinasyon tedaviler denenmistir. Sonuglar MB-PDT
ardindan uygulanan DOX tedavisinin DOX ardindan MB-
PDT tedavisine gore ve tek basina uygulanan her tedaviye
gore MCF-7 hicrelerinde en yiiksek 6lim ve inhibisyon
gosterdigini  ortaya  koymustur.  Ayrica, MCF-7
hicrelerinin  6nce DOX ardindan MB-PDT tedavisi
sonucunda 32-16-8-4-2 uM’da sinerjizm, ve 1-0,5-0,25
uM’da antagonist etki gosterse de MCF-7 hicrelerinin
once MB-PDT ve daha sonra DOX ile tedavi edilmesi
durumunda terapide sinerji olusmus ve disuk
konsantrasyonlarda da (1 ve 0,5 uM) DOX'un artan
etkisiyle sonuglanmistir. Bdylece bu g¢alismanin sonuglari
onceki yapilan sonuglar ile uyumlu olmustur ve yapilan
calismalara benzer sekilde MB, DOX ile kombinasyon
halinde etkinligi arttirmis ve ilag konsantrasyonunu
azaltmistir.

Doksorubisin gibi sitotoksik ajanlar, duyarli hedef
hicrelerde o6lim sinyal yollarini baslatarak apoptozu
indiikleyebilirler. Apoptoz belirtegleri olarak bilinen
cesitli genlerin ekspreyon seviyeleri ile ajanlarin apoptoz
surecindeki etkisi belirlenmektedir. Bunlardan Bcl-2 geni
apoptozun baslmasini aktive ederken, Bax geninin
ekspresyondaki artis apoptozu indiiklemektedir. Cok
cesitli deneysel ve klinik raporlar doksorubisin igin
biyolojik etkiler gdstermistir. Benzer sonuglar Bcl-2
ekspresyonunda azalmaya ve Bax ekspresyonunda artisa
neden olan doksorubisin ile de gdsterilmistir®3.

Bu c¢alismada, MCF-7 hicrelerinde doksorubisin ile
apoptozisin uyarilmasini takiben ayrica fotodimamik
terapi uygulanarakl Bcl-2 (anti-apoptotik), Bax (pro-
apoptotik) genlerinin ekspresyonu, seviyesindeki degisim
rapor edilmistir. Sonuglara bakildiginda DOX ile tedavi
edilen MCEF-7 hicrelerinde Bcl-2 geninin
ekspresyonundaki azalma (0.86 kat) fotodinamik
terapinin DOX ile muamelesinden 06nce yada sonra
verilmesine bagli olarak degismistir. Once MB+PDT sonra
DOX uygulandigi zman Bcl-2 gen ekspresyonununda
azalma (0.53 kat) olmustur. Ancak hicrelere 6nce DOX
sonra MB+PDT uygulanmasiyla bile (0.63 kat) sadece DOX
muamelesine gore Bcl-2 geni daha fazla asag regile
olmustur.

Ayni sekilde Bax geninin ekpresyon seviyelerina
baktigimiz zaman gruplae arasindaki degisimler Bcl-2 gen
degisimleriyle ayni paterni gostermistir. Bax geni
hiicreleri apoptoza yoénlendiren bir aktivatoér olarak rol
oynadigl i¢in ekspresyonda yilkselme goézlenmesi
vaptigimiz calismayi desteklemektedir. Yalniz DOX
uygulandigl zaman Bax ekspresyonu 1.37 kat, 6nce DOX
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sonra MB+PDT uygulandiginda 1.57 kat ve 6nce MB+PDT
sonra DOX uygulandigi zaman ise 1.81 kat artmistir.

Gen ekspresyonundaki bu degisimler literatiirde daha
dnce yapilan c¢ahsmalari ?* destekledigi gibi yalnizca
doksorubisin kullanimi degil beraberinde fotodinamaik
terapinin de uygulnmasi hem doksorubisinin etkinlgini,
artirmis  ve  hicrelerin daha fazla apoptoza
suriklenmesini sagladigini desteklemistir.

Sonug olarak, MB-PDT ardindan uygulanan DOX’un ICso
degeri (428.4 nM) tek basina uygulanan DOX'un ICso
degerine (6,8 uM) goére oldukga disik bir deger
bulunmus ve DOx ile fotodinamik terapi sinerjik bir etki
gostermistir. Bu etkiye parelel olarak antiapoptotik ve
proapoptotik gen degisimleri de bu sonuglarla korele
olarak artis ve azalis gostererek sitotoksisite sonuglarini
desteklemistir. Bdylece bu calismanin sonuglari PDT
tedavisinde MB ile kombine olarak uygulanan DOX
dozunun azaldigini goéstermistir.  Bu, DOX'un yan
etkilerinin en aza indirilmesiyle sonuglanabilir. Dolayisiyla
bu yaklasim gelecekte meme kanserinin tedavisi igin
umut verici bir strateji olabilir. Daha fazla gen ve protein
ekspresyon seviyelerindeki degisimler yolak analizleri
floresan gériintiilemelerde bu sonuglarin dogrulugu daha
artirilabilir. Ayrica meme kanserinin farkli alt tiplerindeki
hicre hatlarinda daha ¢ok ¢alismaya ihtiyag vardir.
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ABSTRACT

Objective: Anti-CD20 therapies may increase the risk of hepatitis B
virus (HBV) reactivation, particularly in patients with prior HBV
exposure. Despite the recognized preventive measures for
managing HBV reactivation, specific data regarding the safety of
anti-CD20 therapies in this context remain limited. This
retrospective study aims to evaluate the risk of HBV reactivation
with prior HBV exposure among patients with neurological
disorders treated with anti-CD20 therapies in a single-center
cohort from Tirkiye.

Methods: We reviewed the records of 580 patients who received
at least one dose of anti-CD20 therapies between July 2018 and
March 2024. Patients were stratified according to their HBV
serostatus, with particular emphasis on anti-HBc positive
individuals, who are considered at risk for HBV reactivation.
Quantitative anti-HBs titers and rates of antiviral prophylaxis were
also documented.

Results: Among the 71 patients who were anti-HBc positive
(12.24% of the total cohort), anti-HBs positivity was detected in 50
patients (70.42%). The majority of patients received antiviral
prophylaxis (78%), while 22% did not, reflecting some physicians’
preference to withhold prophylaxis based on high anti-HBs titers.
In contrast, all anti-HBs negative patients (n=21) were
administered prophylaxis (100%). Importantly, no cases of HBV
seroconversion or clinically meaningful HBV DNA elevation were
observed in any subgroup, including anti-HBs positive patients
who did not receive prophylaxis.

Conclusion: Our findings suggest that anti-CD20 therapy does not
confer a detectable risk of HBV reactivation in anti-HBc positive
patients, including those who are anti-HBs positive and did not
receive prophylaxis.

Keywords: Anti-CD20 Therapies, HBV Reactivation, Multiple
Sclerosis, Ocrelizumab, Antiviral Prophylaxis
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Amag: Anti-CD20 tedaviler, immun aracili noérolojik hastaliklarin
tedavisinde yaygin olarak kullaniimaktadir. Ancak bu tedaviler,
ozellikle daha 6nce hepatit B virtisti (HBV) ile karsilasmis hastalarda
HBV reaktivasyon riskini artirabilir. HBV reaktivasyonunun
o6nlenmesine yonelik cesitli stratejiler mevcut olsa da, anti-CD20
tedavilerinin bu baglamdaki glvenligiyle ilgili 6zgul veriler sinirlidir.
Bu retrospektif calismada, Tlrkiye’de tek merkezde izlenen bir hasta
kohortunda, nérolojik hastaliklar nedeniyle anti-CD20 tedavisi alan
ve daha once hepatit B virtisu ile karsilasmis bireylerde HBV
reaktivasyon riskini degerlendirmeyi amagladik.

Yontem: Temmuz 2018 ile Mart 2024 tarihleri arasinda en az bir doz
anti-CD20 tedavisi almig 580 hastanin verileri retrospektif olarak
incelendi. Hastalar HBV serolojik durumlarina gore siniflandirildi;
ozellikle HBV reaktivasyon riski tasiyan anti-HBc pozitif bireyler
degerlendirmeye alindi. Kantitatif anti-HBs titreleri ve antiviral
profilaksi oranlari belgelendi.

Bulgular: Anti-HBc pozitif olan 71 hastanin (toplam kohortun
%12,24’G) 50’sinde (%70,42) ayni zamanda anti-HBs pozitifligi
mevcuttu. Hastalarin goguna antiviral profilaksi uygulanmisti (%78),
ancak %22’lik bir gruba uygulanmamisti; bu durum, bazi hekimlerin
yuksek anti-HBs titresi temelinde profilaksiyi vermeme yonindeki
tercihlerini yansitti. Ote yandan, anti-HBs negatif olan tiim hastalara
(n=21) profilaksi verilmisti (%100). Takip stiresince, profilaksi
almayan anti-HBs pozitif hastalar da dahil olmak Uzere higbir alt
grupta HBV serokonversiyonu veya klinik olarak anlamli HBV DNA
artisi gézlemlenmedi.

Sonug: Bulgularimiz, anti-CD20 tedavisinin anti-HBc pozitif
hastalarda, anti-HBs pozitifliginde profilaksi almayan bireylerde dahi
belirgin bir HBV reaktivasyon riski olusturmadigini géstermektedir.

Anahtar Kelimeler: Anti-CD20 tedavileri, HBV
Multiple Skleroz, Okrelizumab, Antiviral Profilaksi
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Introduction

Hepatitis B virus (HBV) reactivation can occur in patients
treated  with immunosuppressive  medications.
Fundamentally, risk stratification for HBV reactivation
depends on HBV serology indicating past or chronic HBV
infection, the host immune response, and the type of
immunosuppression.’3 Although it is well-recognized
that this is a preventable consequence of hepatic decom-
pensation or acute liver failure, there are still unclear
aspects of preventive care.?

Recent advances in understanding the pathophysiology
of immune-mediated neurological disorders have led to
an increased use of B cell strategies, particularly through
anti-CD20 therapies. These therapies, such as
ocrelizumab, ofatumumab, and rituximab are
commercially available in Turkiye and play a considerable
role in our practice for immune-mediated neurological
disorders. Current guidelines from major societies
recommend screening for HBV in all patients planning to
receive anti-CD20 therapies. Given the potentially
serious outcomes of HBV reactivation, patients who are
supposed to be treated with anti-CD20 therapies with
either HBsAg positivity or anti-HBc positivity (regardless
of HBsAg status) are considered at elevated risk.>™
However, due to limited real-world data—particularly
concerning ocrelizumab—existing guidelines primarily
base their recommendations on rituximab and, to a
lesser extent, ofatumumab.

Based on the 2010 epidemiological study, which revealed
a high frequency of HBV infection in Tirkiye®, this article
is specifically tailored to explore the impact of anti-CD20
therapy on HBV courses in neurology practice. We focus
specifically on patients who are anti-HBc positive to
explore the relationship between anti-HBs status,
guantitative antibody titers, prophylaxis implementa-
tion, and the occurrence of seroconversion. Our findings
will be considered within the context of existing
literature to provide clinically relevant insights.

Methods

Sample collection

We conducted a retrospective study to analyze the data
from patients (n=580) who received at least one dose of
anti-CD20 therapies (ocrelizumab, n=469; ofatumumab,
n=12; rituximab, n=99) at our neuroimmunology clinic of
Sancaktepe Sehit Prof. Dr. llhan Varank Training and
Research Hospital between July 2018 and March 2024.
The study includes baseline and six-month follow-up
serological patterns for HBsAg, Anti-HBs, Anti-HBc IgM,
Anti-HBc Ig G, HBV DNA (if available), liver enzymes, and
antiviral prophylaxis. Basic demography for age, sex, and
indications for anti-CD20 therapy are also recorded. Data
was obtained from the hospital information manage-
ment system and the personal health record system of
the Turkish Ministry of Health.

Since the risk of HBV reactivation primarily affects HBsAg
carriers and anti-HBc positive individuals undergoing
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immunosuppressive therapy, seroconversion analyses
were specifically limited to these subgroups, which
represent the population at virological risk.? Baseline
HBV status was categorized into three groups: anti-HBc
positive, anti-HBs positive, HbsAg negative; anti-HBc
positive, anti-HBs negative, HBsAg negative, and anti-HBc
positive, anti-HBs negative, and HbsAg positive for each
treatment arm. This classification was created in
accordance with the recommended guidelines for a risk-
based approach. Use of prophylaxis and antiviral medica-
tion preference were also recorded for each category and
treatment arm.
Serological follow-up data, repeated every 3-6 months,
were reviewed for seroconversion*.
*Seroconversion analysis is based on the definition of
the American Association for the Study of Liver Diseases
(AASLD).3
The criteria for HBV reactivation are defined as the
following:
e For HBsAg positive and anti-HBc positive
patients: HBV DNA level that increases 100-fold
(2-log) or greater compared to the baseline
level; HBV DNA level of 1,000 IU/mL or greater
in a person with a previously undetectable level
(given that HBV-DNA levels fluctuate); or HBV
DNA level of 10,000 IU/mL or greater if the
baseline level is not available.
e For HBsAg negative and anti-HBc positive
patients: detectable HBV DNA or reappearance
of HBsAg.

Data Analysis

All statistical analyses were performed using GraphPad
Software. Descriptive statistics were used to summarize
the demographic and clinical characteristics of the study
population. Continuous variables were presented as
mean * standard deviation (SD) for normally distributed
data or as median with interquartile range (IQR) for non-
normally distributed data. Categorical variables were
expressed as counts and percentages. Comparisons of
anti-HBs titers between patients who received antiviral
prophylaxis and those who did not were made using the
Mann—-Whitney U test due to the non-normal distribution
of the data. Chi-square or Fisher’s exact test was used to
compare categorical variables. A two-tailed p-value of
<0.05 was considered statistically significant.

Results

A total of 580 patients treated with anti-CD20 therapies
(ocrelizumab n=469; rituximab, n=99; ofatumumab,
n=12) are retrospectively analyzed. HBV screening results
according to methodological category at baseline are
given in Table 1. At baseline, anti-HBc positivity was
identified in 71 out of 580 patients (12.24%). Specifically,
63 patients (15.57%) in the ocrelizumab group and 8
patients (8.08%) in the rituximab group tested positive
for anti-HBc. However, this difference was not
statistically significant (p=0.195), indicating a comparable
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distribution of prior HBV exposure between the two
treatment arms. As shown in Table 1, anti-HBc positive
patients—particularly those with or without anti-HBs or
with HBsAg positivity—represent the virologically at-risk
population for HBV reactivation. Accordingly, analyses
related to seroconversion and antiviral prophylaxis were
primarily concentrated on these subgroups. Since none
of the 12 patients receiving ofatumumab were anti-HBc
positive, this arm was excluded from HBV risk analysis.

HBsAg positivity was 1.21% (n=7) across all treatment
arms, with a rate of 9.86% in the anti-HBc positive
population. The mean age of the 71 patients showing
anti-HBc positivity was 50.05 +/- 9.13 years, with 40
(56.4%) of them being female. The median duration of
diagnosis that necessitates anti-CD20 therapy was 12
years (0.75-42 years). The patients were receiving a
median of 4 (1-13) cycles of anti-CD20 therapy. Table 2
provides a detailed summary of the basic demographic
data of patients with anti-HBc positivity, along with the
treatment arms of ocrelizumab and rituximab. Patients in
the ocrelizumab group were older on average (50.72 +
8.93 years) compared to the rituximab group (44.75 +
9.56 years). Both groups had a female predominance,
consistent with the gender distribution typically seen in
immune-mediated neurological diseases such as Multiple
Sclerosis (MS). Ocrelizumab was used exclusively in MS
patients (100%). In comparison, the rituximab group

included a heterogeneous mix: relapsing optic neuritis
(ON) (12.5%), MS (25%), Myelin Oligodendrocyte
Glycoprotein Antibody-Associated Disease (MOGAD)
(25%), and Neuromyelitis Optica (NMO) (37.5%)
reflecting a broader off-label use of rituximab in various
neuroimmunological conditions.

When all the groups were evaluated, the prophylaxis rate
was 84.51%. Among the anti-HBs positive group, the
prophylaxis rate was 78%, while it was 100% in the anti-
HBs negative side. Prophylaxis rates and preferred
treatments according to serological status are shown in
Table 3. All patients who were anti-HBs positive and did
not receive prophylaxis (n=11; 22%) were those who
received ocrelizumab (Anti-CD20 therapy cycles, median
(IQR) 3 (2-6). The median antibody titer of patients who
did not receive prophylaxis was 1000 IU/L (IQR: 340-
1000), which was higher than that of patients who
received prophylaxis (462 IU/L; IQR: 88—758.5), although
the difference did not reach statistical significance (p=
0.064).

Two patients who were HBsAg and anti-HBc positive and
were under prophylaxis showed detectable HBV DNA
levels during follow-up (18 and 40 IU/mL, respectively).
However, these levels did not meet the AASLD
seroconversion criteria, and there was no deterioration
in liver functions. No other patients were showing
detectable HBV DNA levels, suggesting seroconversion.

Table 1. HBV screening results according to methodological category at baseline

HBV screening

Anti-HBc positive

Anti-HBc negative

Anti-HBs positive

Anti-HBs negative

Anti-HBs negative

HBsAg negative HBsAg negative HBsAg positive

Rituximab 5 1 91
(n=99)

Ocrelizumab 45 12 6 406
(n=469)

Ofatumumab* 0 0 12
(n=12)

Total (n) 50 14 7 509

*Ofatumumab-treated patients were included for cohort representation but not analyzed for HBV reactivation risk due to absence of anti-HBc positivity

in this group.

Table 2. Detailed summary of the basic demographic data of patients with anti-Hbc positivity, along with the treatment arms of

ocrelizumab and rituximab

Patient characteristics

Anti-HBc positive patients in
ocrelizumab arm (n=63)

Anti-HBc positive patients in
rituximab arm (n=8)

Age, mean SD 50.72 +/-8.93 44.75+/-9.56
55.55% female 62.5% female
Sex %
44.45% male 37.5% male
Duration of diseases (years), median (IQR) 12 (1-42) 2 (0.75-26)
H . 0,
MS 100% Relapsing ON: 12.5%
Disease distribution MS: 25%
MOGAD: 25%
NMO: 37.5%
Anti-CD20 therapy cycles, median (IQR) 4 (1-13) 2 (1-11)

MS; Multiple Sclerosis, ON; Optik Neuritis, MOGAD; Myelin Oligodendrocyte Glycoprotein Antibody-Associated Disease, NMO; Neuromiyelitis Optica
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Three patients under prophylaxis with initial serum anti-
HBs positivity tested negative after receiving ocrelizumab
infusions during follow-up. Their antibody titers were low
at baseline (13, 14, and 17 IU/L, respectively). The total
number of anti-CD20 therapy cycles leading to anti-HBs
loss was 4, 1, and 1 cycles, respectively.

After the infusions, it's worth noting that one patient in

the ocrelizumab group experienced a loss of anti-HBc
after the second infusion, while three patients in the
rituximab group experienced anti-HBc loss after their first
infusions.

Considering all sera, seroconversion to HBsAg positivity
was not observed in any patient, regardless of whether
they were under prophylaxis or not.

Table 3. Prophylaxis rates and preferred treatments according to serological status

Anti-HBc positive

Anti-HBs positive

HBsAg negative (n=50)

HBsAg negative (n=14)

Anti-HBs negative Anti-HBs negative

HBsAg positive (n=7)

Prophylaxis in rituximab (100%) 50f 5 (1T* 4E**) 2 of 2 (2E%) 1of1(1E*)
Prophylaxis in ocrelizumab (82.54%) 34 of 45 (9T** 25E%) 12 of 12 (2T** 10E*) 6 of 6 (6E¥*)
Total prophylaxis (84.51%) 39 (78%) 14 (100%) 7 (%100)
Seroconversion 0 0 0

*(E): Entecavir; **(T): Tenofovir
Discussion

This study provides real-world data on the management
of patients with prior HBV exposure (anti-HBc positive)
undergoing anti-CD20 therapies for neurological
diseases, focusing on prophylaxis decisions, anti-HBs
antibody levels, and seroconversion outcomes. The
scarcity of data on HBV reactivation risk, particularly with
ocrelizumab treatment, highlights the potential of our
study to inform future research in this field.

In a study conducted by the Turkish Association for the
Study of the Liver between 2009 and 2010, 4% of adults
tested positive for HBsAg, and 30.6% tested positive for
anti-HBc, indicating a high prevalence of hepatitis in
Turkey.®> Our anti-HBc positivity was 12.24%, while the
HBsAg positivity was 1.21% across all treatment arms.
The decrease in positivity rates may be attributed to the
implementation of more comprehensive vaccination
policies over the years.

Our results demonstrate that none of the patients
experienced seroconversion to HBsAg positivity while
previously negative or showing significant HBV DNA
levels that met the reactivation criteria across all
serological subgroups. Additionally, among patients
treated with ocrelizumab, those who did not receive
prophylaxis (22%) due to their anti-HBs positivity also did
not show seroconversion. Generally, a person remains
antibody-positive for life following HBV infection.
However, under immunosuppressive conditions, both
anti-HBc and anti-HBs antibodies may become
negative.®’ In our sera, we observed a loss of anti-HBs in
three out of 50 patients (6%), particularly those with low
baseline antibody titers. This finding aligns with data
indicating that low antibody levels are a risk factor for
anti-HBs loss in individuals undergoing immunosuppress-
sion.®? Additionally, four out of 71 patients (5.63%)
experienced a loss of anti-HBc. However, it's important
to note that neither of these losses appeared to be a risk
factor for HBV reactivation.

To emphasize, the prophylaxis rate was 78% in the anti-
HBs positive group and 100% in the anti-HBs negative
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group. The 22% loss of prophylaxis rate in the anti-HBs
positive group can be attributed to the physician’s
discretion. In real-world clinical practice, the adminis-
tration of prophylaxis to patients who are anti-HBs
positive is inconsistent due to a lack of definitive,
universally accepted guidelines. In our study, prophylaxis
was not given according to a standardized protocol;
instead, it was determined at the physician's discretion.
Notably, some clinicians chose to start prophylaxis even
for patients with high anti-HBs titers, while others
decided against it in similar cases. This variability in
clinical practice may have introduced a selection bias,
potentially affecting the distribution of antibody titers
between the prophylaxis and non-prophylaxis groups.
Although the median anti-HBs titer was numerically
higher in the non-prophylaxis group, the difference was
not statistically significant. These findings highlight the
need for more specific guidelines for this subgroup.”?®
Although current evidence is insufficient to recommend
anti-HBs titers as a standalone criterion for prophylaxis
decisions, our findings suggest that the decision to
administer or withhold prophylaxis did not affect clinical
outcomes in our cohort.

Our findings are in line with those of a Spanish
prospective study, which demonstrated that anti-CD20
monotherapy (rituximab, n = 22; ocrelizumab, n = 6) did
not pose a detectable risk of HBV reactivation in HBsAg-
negative/anti-HBc-positive patients with NMOSD and
MS, even in the absence of antiviral prophylaxis.®
Similarly, data from an Italian cohort reported no cases
of HBV reactivation, despite the fact that 53% of patients
with anti-HBs levels below 100 mIU/mL and 30% with
levels above 100 miU/mL did not receive either
prophylaxis or active monitoring.'* A recent study from
our region presents findings that contrast with previous
results, including our own. Among three patients
undergoing ocrelizumab therapy who experienced HBV
reactivation, two out of seven (28.6%) had not received
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antiviral prophylaxis, while one patient failed to adhere
to the prescribed prophylaxis regimen.?

We achieved significant results in our study, though it is
important to recognize some limitations. First, as a
retrospective observational study, it has certain
constraints. While this research represents the largest
cohort of patients treated with ocrelizumab in the
available literature concerning hepatitis seroconversion,
the sample size in the rituximab treatment group was
comparatively small. Additionally, we lacked data on
vaccine-induced HBV immunity. Addressing these
limitations in future research could provide even more
comprehensive insights.

In conclusion, our research suggests that monotherapy
with anti-CD20 is not associated with a detectable risk of
HBV reactivation in our neuroimmunological practice.
Moreover, the absence of antiviral prophylaxis in
patients with anti-HBs positivity in the ocrelizumab group
was also not linked to a detectable risk of HBV
reactivation. However, prospective studies involving a
larger number of patients and extended follow-up
periods are needed to confirm these findings and clarify
the existing literature.
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ROSMARINIK ASITiN INSAN KOLON KANSERINDE OTOFAIJIK ETKISi

AUTOPHAGIC EFFECT OF ROSMARINIC ACID ON HUMAN COLON CANCER

@ilkay Gorumluoglu®”, @ Ebru Alimogullari

1Ankara Yildirim Beyazit Universitesi , Tip Fakiiltesi, Histoloji ve Embriyoloji Anabilim Dali, Ankara, Tiirkiye.
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Amag: Kolon kanseri en agresif kanser tiiridir ve tedavilerin
yetersiz olmasindan kaynakli ileri agsamalarda kot prognoz ile
karakterizedir. Rosmarinik asit (RA) kolon, pankreas, prostat,
karaciger ve multipl miyelom dahil olmak uzere gesitli
kanserlerdeki lezyonlara karsi etkili oldugu kanitlanmistir.
Calismamizda lipopolisakkarit (LPS) ile olusturulan hiicresel hasar
ve otofaji lizerine rosmarinik asitin kolon kanseri hicrelerine
etkisini aragtirmayi amagladik.

Yontem: Calismamizda insan kolon kanseri Caco-2 (HTB-37)
hicre hatti kullanildi. Kontrol, LPS, RA ve LPS+RA olmak tizere 4
grup dizayn edildi. Caco-2 igin 200 pug/mL RA dozu ve LPS dozu 10
ug/ml kullanildi. Caco-2 hiicre hatlari kiltire edildikten sonra
Beclin-1, p62 ve LC3 proteinlerinin hicresel lokalizasyonlarini
belirlemek igin immunohistokimyasal analizler gergeklestirildi.
Otofajik yolaktaki bu proteinlerin ifadesini belirlemek igin
western blot analizleri yapildi.

Bulgular: LPS hasari olusturulan grupta kontrol grubuna goére
otofajik protein ifadesi yiksek bulunmustur (p<0,05). LPS+RA
verilen grupta diger gruplar ile karsilastirildiginda istatistiksel
olarak anlamli fark bulunmustur (p<0,05).

Sonug: Sonug olarak, Caco-2 kolon kanser hiicrelerinde LPS ile
hasar olusturuldugunda otofaji yolagindaki Beclin 1, p62 ve LC3
6nemli proteinlerin ifadelerinde azalma ancak rosmarinik asit ile
tedavi edilen grupta protein ifadelerinde artis oldugunu tespit
ettik. Bu ¢alisma ile rosmarinik asitin kolon kanseri hicrelerinin
otofaji yolaginda 6nemli proteinlerin degredasyonuna karsi klinik
etkilerinin tespit edilebilmesi icin daha kapsamli galismalarin
yapilmasi gerektigini 6nermekteyiz.

Anahtar Kelimeler: Caco-2, rosmarinik asit, Beclin 1, p62, LC3,
LPS

ABSTRACT

Objective: Colon cancer is the most aggressive type of cancer and
is characterized by a inefficient prognosis in advanced stages due
to inadequate treatment. Rosmarinic acid (RA) has been shown to
be effective against lesions in various cancers, including colon,
pancreatic, prostate, liver and multiple myeloma. In our study, we
aimed to investigate the effect of rosmarinic acid on
lipopolysaccharide (LPS)-induced cell damage and autophagy in
colorectal cancer cells.

Method: The human colon cancer cell line Caco-2 (HTB-37) was
used in our study. 4 groups were formed: Control, LPS, RA and
LPS+RA. For Caco-2, an RA dose of 200 pg/ml and an LPS dose of 10
ug/ml were used. After the Caco-2 cell lines were cultured,
immunohistochemical analyzes were performed to determine the
cellular localizations of Beclin-1, p62 and LC3 proteins. Western
blot analyzes were performed to determine the expression of these
proteins in the autophagic pathway.

Results: Autophagic protein expression was found to be higher in
the LPS-damaged group compared to the control group (p<0,05). It
was found to be statistically significant in the LPS+RA group
compared to the other groups (p<0,05).

Conclusion: As a result, we found that when LPS-induced damage
was induced in Caco-2 colon cancer cells, there was a decrease in
the expression of important Beclin 1, p62 and LC3 proteins in the
autophagy pathway, but an increase in their protein expression in
the rosmarinicacid-treated group. In conclusion, with this study we
suggest that more comprehensive studies should be conducted to
determine the clinical effect of rosmarinic acid against the
degradation of key proteins in the autophagy pathway in colorectal
cancer cells.

Keywords: Caco-2, rosmarinic acid, Beclin-1, p62, LC3, LPS
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Corumluoglu ve Alimogullari, RA’nin Otofajik Etkisi

Girig

Kolorektal kanser (CRC), sindirim sisteminin sik goriilen
malign timorlerinden biridir ve gorilme sikhig mide ve
dzofagus kanserlerinden sonra ikinci siradadirl. Rektum
kanserlerinin  %90'Indan fazlasi, cerrahi eksizyonla
cikarilabilen  adenokarsinomlardir.  Ancak  cerrahi
eksizyonun sonuglari rektum kanserinin evresine baglidir.
Tek basina cerrahi eksizyonun ve cerrahi eksizyonu
takiben radyoterapi (RT) ile karsilastirildiginda, rektum
kanserinin lokal tekrarlama riskinin daha yiksek oldugu
bulunmustur?. Kolorektal kanser (CRC), erkeklerde
Uglincii, kadinlarda ise ikinci en sik gorulen tiimordir ve
diinya capindaki tim timor cesitlerinin %10'unu
olusturur. Erkeklerde goérilme sikligi %25 daha yiksektir
ve iilkeler arasinda buyiik farkhliklar gésterir®*.

Kanser hicrelerinde ubikuitin-proteazom sistemininde
(UPS) iginde oldugu protein hemostasizin (proteostaz)
sekteye ugradigl bilinmektedir®. Genom sekanslama
calismalari, kanser hiicre genomunun protein kodlama
sekanslarinda yizlerce nokta mutasyonlarinin oldugunu
ortaya ¢ikarmistir®. Bu durumda, kanser hiicrelerindeki bu
proteinler, protein kalite kontrol sistemine asirn yik
olusturacak ve UPS aracihigiyla yikima ugratilacaktir’.
Yapilan ¢alismalar, kanserin baslangicinda  otofaji
aktivitérlerinin kanser gelisimini engelledigi®, fakat ileri
diizey kanserlerde hem aktive edici hem de inhibe edici
ajanlarin tedaviye yénelik kullanimi énerilmistir®. Yine
kolorektal kanserli hastalarda p97/VCP (ATPaz valosin-
containing protein)'nin fazlaca ekspre oldugu ve bu
ekspresyonun hiicre biyimesi ve hticre canlihgi ile iliskili
oldugu belirlenmistirl®. Otofaji ve apoptoz, hiicre 8limii
ve hicre canhhginin diizenlenmesinde yer aldiklarindan,
baglantili ve korunmus siireclerdir!l. Otofaji proteinleri,
membrana bagh otofagozom olusumu ve
olgunlasmasinda rol oynar. Otofagozomlarin olusumu
Autophagy-related protein 8 (ATG8) / Microtubule-
associated protein light chain 3 (LC3) proteinlerini
gerektirir. LC3, otofagozomlarin en iyi bilinen belirtecidir.
Otofajinin aktivasyonu, LC3l'yi katalize ederek otofajik
membran ile iliskili LC3-Il'yi olusturur'?3. Bu reaksiyon,
molekiler agirhginin 18 kDa'dan 16 kDa'ya degismesine
neden olur ve bu, genellikle otofaji tespiti icin bir test
olarak kullanilir. P62/SOSMT1 (Polyubiquitin-binding
protein) proteini ayrica otofajik akiyr incelemek igin
kullanilan baska bir belirtectir ve otofajik bozunmayi
kolaylastirmak icin LC3ll'ye baglanir. Daha sonra,
otofagozomlar lizozomlarla birleserek otolizozomlar
haline gelirler ve burada icerikleri bozulur®.

iki ana hiicresel temizleme yolu olan UPS ve otofaji,
proteinlerin bozulmasini slirdirmek icin birbirleriyle
isbirligi  yapar'>'¢. UPS, substratlarin proteazom
tarafindan bozunmasi icin ubikuitin ile tanindigi ve
etiketlendigi bir proteolitik sistemdir. Otofaji ayni
zamanda proteinleri ve diger hiicresel materyalleri
parcalamak igin lizozomal hidrolazlari kullanan parcalayici
bir sistemdir. Hem UPS hem de otofajinin farkl,
birbirinden bagimsiz islevleri ve mekanizmalari vardir,
ancak protein bilesenleri ve her hiicrede bulunma gibi
bircok acidan benzerligi paylasirlar. Ubikuitin  (Ub)
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proteini, ubikuitin aktive edici (E1), ubikuitin konjuge
edici (E2) ve ubikuitin ligaz (E3) enzimlerinin ortak
aktivitesi yoluyla proteinlerin lizin kalintilarina konjuge
edilmis 76 amino asitli bir proteindir!’. BECN1 geni
tarafindan kodlanan protein olan beclin 1, otofaji icin
gereklidir. Beclin 1, endositotik yolakta ve LC3 (mikrotibdil
iliskili protein 1 hafif zincir 3) iliskili fagositoz dahil olmak
tizere diger yolaklarda da yer almaktadir®. Beclin 1, Bcl-2
ile etkilesen yeni bir protein olarak tanimlanan ilk memeli
otofaji proteinidir'®>. Beclin 1 ayni zamanda dénim
noktasi niteliginde bir otofaji proteini olarak da
tanimlanmaktadir’®2, BECLIN1, hem otofaji hem de
membran trafigi islevlerini, baslica vakuolar protein
siralama iliskili protein 15 (VPS15), VPS34, UV radyasyon
direnci iliskili gen triini (UVRAG) ve otofaji iliskili protein
14 (ATG14) olmak tizere birkag baska proteinle etkilesime
girerek gergeklestirir. Bunlar birlikte, sirasiyla ATG14 veya
UVRAG'In mevcut olup olmamasina bagl olarak iki farkli
Sinif 11l PI3K kompleksi, Kompleks 1 (C1) ve Kompleks 2
(C2) halinde birlesir. Bu kompleksler icinde, katalitik lipid
kinaz alt birimi VSP34, PtdIns'in fosforilasyonundan
sorumludur ve bu da daha sonra efektor proteinlerin ise
alinmasi yoluyla otofaji ve/veya membran trafigi
islevlerine aracilik eder?!. Otofajik fonksiyona ek olarak,
son c¢alismalarda Beclin 1'in tiimor proliferasyonunda
disuk ekspresyonu ve baskilayici fonksiyonu oldugu
gosterilmistir?®,

Biberiye  (Rosmarinus officinalis) labiat ailesine
(Lamiaceae) aittir. Bu bitki ailesinin aktif bilesenleri
fenolik diterpenler ve triterpenlerdir. Bu bilesiklerin
yuksek antioksidan etkileri vardir. Biberiyenin ana aktif
bilesikleri arasinda kafeik asit, rosmarinik asit (RA), ursolik
asit (UA), karnosik asit (CA) ve karnosol bulunur.
Biberiyenin toplam antioksidan aktivitesinin yaklasik
%90'I karnosol ve CA'dan tlretilmistir. Rosmarinik asit,
fenolik halkalarindan birini kafeik asit araciligiyla
fenilalaninden, diger halkasini ise 3,4-dihidroksifenillaktik
asit araciliglyla tirozinden elde eden kafeik tiirevlerden
biridir. Ursolik asit, antikanser ve anti-inflamatuar
dzelliklere sahip bir pentasiklik triterpenoiddir?.
Bakteriyel lipopolisakkarit (LPS), birgok doku ve organda
inflamasyona neden olur ve sistemik inflamasyonu
uyararak sepsise neden olabilir. LPS, gram negatif
bakterilerin hiicre duvarinin toksik bir bilesenidir. Gram
negatif bakterilerin hiicre duvari; bir i¢ peptidoglikan
tabakasi ve bir dis LPS, protein ve fosfolipid tabakasindan
olusur. LPS katmanindaki endotoksin molekili hiicre
zarinda kaldigi stirece etkisizdir. Hizli hiicre proliferasyonu
veya hiicre vyikimi sirasinda salinan endotoksin,
sepsis/endotoksemi  olaylarini baslatan  anahtar
molekdildiir. LPS, optimal bir bakteriyel enfeksiyon modeli
olusturmak icin yaygin olarak kullaniimaktadir?.

Caco-2 (HTB-37) hicre hattinda rosmarinik asit ve LPS
varliginda ilk olarak Beclin-1, p62 ve LC3 ekspresyonlari
immunohistokimya ve western blot yodntemleriyle
belirlenmesi amacglanmistir. Literatirde ilk kez kolon
karsinomlarinda rosmarinik asit ve otofaji arasindaki iliski
ortaya konulup, kanser hastaliklarinda otofajik
proteinlerin 6nemine dair 6n bilgiler elde edilmesi
hedeflenmistir.
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Yontem

Kimyasallar ve Antikorlar

Bu ¢alismada kullanilan rosmarinik asit Sigma Aldrich (St.
Louis, Mo., ABD) firmasindan satin alinmistir ve saflig
%95'tir (HPLC) (Sekil 1). Primer antikorlardan rabbit-LC3B
(BS-55120R, Bioss, USA), rabbit- p62 (bs-55207R, Bioss,
USA), rabbit Beclin-1 (PA5-20171, Invitrogen, USA), rabbit
beta-aktin (1:1000, rabbit, bs-0061R, Bioss, USA),
sekonder antikor olarak goat anti-rabbit IgG (H+L)
konjuge peroksidaz (UK293475, Thermo scientific, USA),
ve DAPI(2328994, Invitrogen, USA) kullaniimistir.

HO
0 OH
0
0 OH OH

Sekil 1. Rosmarinik asitin molekiler yapisi (C1gH160s).

Hiicre Kiiltiri Yontemi

Galismamizda ATCC (American Type Culture Collection)
tarafindan saglanan Caco-2 (ATCC® Cat. No. HTB-37™)
hicre hath kullaniimistir. Hicreler %1
penisilin/streptomisin ve %10 fetal sigir serumu (Hyclone,
ABD) ile desteklenen DMEM kiiltiir ortaminda (Gibco,
ABD) 37°C'de %5’lik CO: iceren inkibatorde kiltlre
edilmisti.  Western blot ve immunohistokimyasal
analizleri i¢in hiicreler, %70 ¢ogalma kapasitesine
ulastiginda %0,25 trypsin kullanilarak kiltir kaplarindan
ayrilmalari saglanip 6 kuyucuklu kiltlr kaplarina ekimleri
yapilmistir 2. On calismalar sayesinde Caco-2 hiicreleri
icin belirlenen 200 pg/mL RA dozu? ve LPS dozu (10
pg/ml)?e kullanilmistir. Calismamiz kontrol, LPS, RA ve
LPS+RA olmak lizere 4 gruba ayrilmistir.

immiinofloresan Calismalari

Caco-2 hucreleri coverslip (15x15mm, yuvarlak, Nest)
eklenen 6 kuyucuklu kiltir kaplarinda inkiibe edilmistir.
Caco-2 hicreleri 3 kez PBS (Phosphate-buffered saline) ile
yikandiktan sonra %4’lik formaldehit ile tespit islemi
gerceklestirilmistir. Fiksasyondan sonra 3 kez tekrardan
PBS ile yikandiktan sonra, 1 saat oda sicakhginda
bloklama soliisyonunda (%3’lik Bovine serum alblimin-
%10’luk rabbit serum) bekletilmistir. Caco-2 hiicrelerinin
Uzerine, bloklama sonrasinda yikama islemi yapilmadan
LC3B (1:300, BS55120R, Bioss, USA), p62 (1:200 bs-
55207R, Bioss, USA), Beclin 1 (1:200, PA5-20171,
Invitrogen, USA) primer antikorlari damlatilip 4°C’de gece
boyunca buzdolabinda inkiibe edilmistir. inkiibasyon
sonrasi 3 kez PBS ile yikandiktan sonra primer antikorlara
uygun sekonder antikorlar (Goat-anti-rabbit 1gG (H+L)
FITC konjuge peroksidaz, (UK293475, Thermo scientific,
USA) ile 1 saat oda sicakhginda inkiibe edilmistir. Sire
bitiminde 3 kez PBS ile yikanmistir. Hiicreler inklibasyon
sonrasinda immiunofloresan kapatma medyumu DAPI
(2328994, Invitrogen, USA) ile kapatilmistir. Olympus
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CKX41 marka floresan mikroskobu ile goriintiilenmesi
gergeklestirilmistir.

Western Blot Analizi

Western blotlama igin Caco-2 hiicreleri 6 kuyucuklu
kaltar kaplarina kiltire edilmistir. Protein
konsantrasyonunun belirlenmesi icin Bradford yontemi
kullanilmistir. Hiicreler 20 pg protein, gradyan jeline
(Invitrogen) yuklenmis ve bir nitroseliiloz membran
Uzerine yari kuru transfer gergeklestirilmisti. Membran
blokaji icin PBS igindeki %5 sut kullaniimistir ve ardindan
LC3B (1:300, BS-55120R, rabbit, Bioss, USA), p62 (1:200,
bs-55207R, rabbit, Bioss, USA), Beclin-1 (1:200, PAS5-
20171, Rabbit, Invitrogen, USA), beta-aktin (1:1000,
rabbit, bs-0061R, Bioss, USA) primer antikorlari ile gece
boyunca 4 °C'de membranlar inkiibe edilmistir. Ytkamanin
ardindan 1 saat oda sicakhginda HRP-konjuge-sekonder
antikorlar (anti-rabbit 1:2000 oraninda) ile inkibe
edilmistir. HRP Luminol/Enhancer ve Peroxide buffer
(Abcam) blotlanan membranlara 5 dakika boyunca
kemiliiminesans (ab133406, Abcam) uygulanmistir?’.
Western blot bantlar jel belgeleme sistemi (UVP) ile
gorsellestirilmis ve bant yogunluklari IMAGE J Versiyon
1.46 (NIH) ile degerlendirilmistir.

Biyoistatistiksel Analiz

Western blot analiz sonrasi band yogunluklari ve gruplar
arasi karsilastirmalar Image J analiz programi kullanilarak
analiz edilmistir. imminofloresans sonuclarinin analizi
GraphPad Prism version 8.4.2. programinda One-way
Brown-Forsythe testi uygulanarak belirlendi. Tim
gruplarin  tanimlayici istatistiksel ANOVA degerleri
yapilmistir. Western blot analiz sonuglari GraphPad Prism
version 8.4.2. programinda One-way ANOVA Tukey'nin
coklu karsilastirma testinde analizi yapiimistir. istatistiksel
anlamhilik diizeyi p<0,05 olarak kabul edilmistir.

Bulgular

immiinofloresans analizlerine gére LPS gruplarinda
otofajik yolaklardaki énemli belirteglerden Beclin-1, p62
ve LCB proteinleri sitoplazmada ve periniikleer alanlarda
yogun olarak gorilmistir. Kontrol grubu ile LPS, RA ve
LPS+RA gruplari arasinda Beclin-1, p62 ve LC3 protein
ifadelerinde  istatistiksel olarak anlamli  farklilik
bulunmustur (p<0,0001). LPS grubunda Beclin-1, p62, LC3
protein ifadelerinde artis tespit edilmistir. RA grubundaki
Beclin-1, p62, LC3 protein ifadelerinde azalma ve her iki
grup arasinda istatistiksel olarak anlamh farkhlik
bulunmustur (p<0,0001). Beclin-1, p62, LC3 proteinleri
RA grubunda yiiksek diizeyde ifade edilmistir. RA grubu,
LPS+RA grubu ile karsilastirildiginda  proteinlerin
ifadesinde azalma gorilmustlir ve istatistiksel olarak
anlamli fark bulunmustur (p<0,0001) (Sekil 2). Hicresel
hasar olusturulan LPS grubuna RA verildiginde otofajik
yolak proteinlerinde yikim normal olarak gerceklestigi
icin protein ifade diizeylerinde azalma gozlenmistir. RA
gruplarindaki her (i¢ proteinin kontrol grubuna gore
protein ifadelerinde azalma gorilmustdr.
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LPS Beclin-1 ile LPS LC3 (p=0,9375), LPS Beclin-1 ile LPS
p62 (p=0,9986), LPS LC3 ile LPS p62 (p=>0,9999), RA
Beclin-1 ile RA p62 (p=>0,9999), RA LC3 ile RA p62
(p=0,0573) ve LPS+RA LC3 ile LPS+RA p62 (p>0,9999)
gruplari arasinda protein ifadeleri agisindan istatistiksel

LPS Beclin-1 Y

Protein ifadesi (noktathiicre)

olarak anlamli fark bulunmamistir. Analiz sonuglarimiza
gore, hiicresel hasar olusturulan LPS grubuna verilen
etken maddenin rejeneratif etkisi oldugu hem gozlemsel
hem de istatistiksel olarak anlamlilik gostermistir (Sekil
2).

o

Gruplar

Sekil 2. immiinofloresans analiz fotomikrograflari. A) Kontrol, B) LPS Beclin-1 grubu, C) LPS p62 grubu, D) LPS LC3 grubu, E) RA Beclin-1
grubu, F) RA p62 grubu, G) RA LC3 grubu, H) LPS+RA Beclin-1 grubu, 1) LPS+RA p62 grubu, i) LPS+RA LC3 grubu, J) Proteinlerin nokta/hiicre
oranlari histogram grafiginde verilmistir. Hiicrelerdeki protein ifadesi nokta/hiicre seklinde image j programinda hesaplanmistir. Gruplar
arasindaki protein ifade duzeyleri istatistiksel olarak anlaml bulunmustur (p<0,05). Her grup 3 farkli alandan bagimsiz sekilde
degerlendirilmistir. Sari oklar protein ifadesinin yogun oldugu alanlari isaret etmektedir. (Olympus CKX41-biylitme 100x), Bar: 20 um.

Western blot analizinde bant yogunluklari incelendiginde
ozellikle LPS gruplarinda Beclin-1, p62 ve LC3
proteinlerinin ifadelerinde artis belirlenmistir. Hiicresel
hasar olusturulan LPS grubunda otofaji yolagindaki
bozukluklar sebebi ile hiicrede Beclin-1, p62 ve LC3
proteinlerinin birikime yol agmistir. Hicrelerdeki hasari
tamir etmek i¢in rosmarinik asit verilen LPS+RA grubunda
Beclin-1, p62 ve LC3 proteinlerinin ifadelerinde RA ve
kontrol gruplarina gére artis saptanmistir (p<0,0001).
LPS+RA grubunda otofaji yolagindaki protein yikiminin
dizelmesi sebebi ile jel bantlarinda LPS grubuna gére
daha az protein ifadesi gozlemlenmistir (Sekil 3). Beclin-1
protein ifadesine bakildiginda, kontrol ile LPS (p=0,0028),
LPS ile RA (p=0,0009) ve LPS ile LPS+RA (p=0,0161)
gruplarinda istatistiksel olarak anlamli  farklihk
bulunmustur. Kontrol ile RA (p=0,7327), kontrol ile
LPS+RA (p=0,5313) ve RA ile LPS+RA (p=0,1456) gruplari
karsilastirildiginda istatistiksel olarak anlamli bir farkhlik
bulunmamistir. LC3 ve p62 protein ifadeleri tiim gruplar
icerisinde birbirleri ile karsilastirildigi istatistiksel olarak
anlamli farklilik oldugu belirlenmistir (p<0,0001) (Sekil 3).
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Sekil 3. Western blot analizi. A) Beclin-1 (52 kDa), p62 (62 kDa),
LC3 (18 kDa ve 16 kDa) ve beta-aktin (42 kDa) protein ifadeleri
western blot analizinde gosterilmistir. Deneyler 3 kez
tekrarlanmigtir, image J programinda jel yogunluklari
Olgilmustlr ve istatistiksel olarak GraphPad prism 8.4.2
programinda degerlendirilmistir. B) Protein dlzeylerine (AU) ait
histogram grafigi verilmistir. Beclin-1 proteini (¥*LPS vs. LPS+RA,
p=0,0161; **Kontrol vs. LPS; p=0,0028; ***LPS vs. RA,
p=0,0009), p62 ve LC3 protein ifade dizeyleri gruplar arasinda
****¥1<0,0001 olarak gosterilmistir.
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Tartisma

Kolorektal kanserin ilerlemesi inflamasyon ile yakindan
baglantiidir®®, Kolorektal kanser genellikle adenomatdz
polipler adi verilen kanser &ncesi buylimelerden
kaynaklanir. Bu biiylimeler, kolorektal sistemi kaplayan
epitel hiicrelerinde asiri hiicre cogalmasina neden olur.
Apoptozis gibi programlanmis hiicre 6limini bozan
genetik mutasyonlarin birikmesi nedeniyle
adenokarsinomaya koétl huylu dénisim gegirebilir?®,
Kolorektal kanserin erken teshisi hastalarin klinik
sonuglarini 6nemli dlglide iyilestirebilse de, ileri evre IlI
veya evre IV hastalik tanisi konulanlar igin 5 yillik sagkalim
orani endise verici derecede disiik kalmaya devam
etmektedir®,

CRC insidansi giderek artmaktadir ve diinya ¢apinda en
yaygin kanserlerden biri haline gelmistir. Bu nedenle,
kolonla iligkili timorlerin yikici etkisini bastirmada etkili
olacak maliyeti ucuz, dogal olarak olusan bilesikleri
kesfetmek 6nemlidir. Bitkisel kdkenli bilesiklerden biri
olan RA, kanser 6nleme ve tedavisi i¢in bir ajan olarak
kullanilmak (zere cekici dzelliklere sahiptir3®. RA’nin
ozellikle fenolik bilesenlerinin, c¢esitli mekanizmalar
araciligiyla kolon kanseri ve diger kanser tirleri tizerinde
koruyucu etkiler gésterdigi de bulunmustur??,
Calismamizda, cesitli bitkilerde bol miktarda bulunan
polifenolik bir bilesik olan RA'nin, CRC hiicrelerine karsi
anti-kanser etkilerini gliclendirebilecegini gosterebilmek
hedeflenmistir. RA tedavisinin CRC hiicre hatti Caco-2’'de
otofaji yolagindaki Beclin-1, p62 ve LC3 gibi onemli
proteinlerin ifade diizeylerinde diizelme oldugunu tespit

ettik. Bir c¢alismada, RA'nin timoér olusumu ve
dolasimdaki oksidan-antioksidan durumu {zerindeki
etkisi degerlendirilerek, RA'nin azoksimetan (AOM)

kaynakl sican kolon karsinogenezisini dnleme yetenegi
arastirllmistir - ve  g¢alismamizla benzer sonuglara
ulagsmiglardir3:.

Programlanmis hiicre olimi olan apoptozis, doku
homeostazinin korunmasinda 6nemli bir rol oynar ve
dizensizligi kanser gelisimi ve ilerlemesine neden olur.
RA'nin diger kanser tiplerindeki pro-apoptotik etkilerine
iliskin énceki yayinlarla tutarli olarak?®3?, RA'nin sisplatin
ile birlikte kolorektal kanser hiicrelerinde apoptozu
tetikledigini, bunun da kaspazlarin ve pro-apoptotik
protein Bax'in aktivasyonu ve anti-apoptotik protein Bcl-
2'nin ifadesinin dlzenlenmesiyle kanitlandigini son
calismalarda goézlemlediler. Bu bulgular, RA'nin igsel
mitokondriyal yol araciligiyla apoptozu indiklemedeki
dnerilen mekanizma ile uyumlu oldugu bulunmustur?®.
RA, dogrudan sitotoksik etkilerinin yani sira tlimor
mikrocevresini diizenleyerek dolayli antikanser etkileri de
gosterebilir. Cok sayida ¢alisma, RA'nin anti-inflamatuar,
antioksidan ve antianjiyojenik ozelliklerini
vurgulamistir®3>, bu da timér promoting faktér,
oksidatif stres ve neovaskilarizasyonu baskilayarak anti-
kanser aktivitesine potansiyel olarak katkida bulunabilir.
LPS, bakteriyel orijinli bir endotoksindir ve viicutta septik
soku etkiledigi bilinmektedir. Bagisiklik hcreleri
tarafindan salgilanan 6nemli inflamatuvar olan Timor
Nekroz Faktér- a (TNF-a), interlkinler (IL-1B, IL-6 ve IL-
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10) ve pro- ve anti-inflamatuvar sitokinlerin LPS
hasarinda immin cevabin olusturulmasina neden oldugu
gosterilmistir®®. Bir calismada, MTT testi kullanarak
RA'nin MC38 hiicreleri lzerindeki metastazi onleyici
konsantrasyonu belirlenmis ve RA 150 pM'nin MC38
hicrelerinin gdgiini ve invazyonunu onemli oOlglde
engelledigi ve bunun in vitro tiimor metastaz inhibitori
olarak potansiyelini gdstermislerdir?8,

Karnosol (%1 diyette) kolorektal kanseri, bagirsak timér
cesitliligini azalttigl belirlenmistir®”. Ursolik asit (%0,11
diyette) kolorektal adenom gelisiminin en erken
onculerinden biri olan anormal kript odaklarinin ve
dzellikle timér baglangic evre insidansini azaltmistir3®,
Arastirilan diger kanser tirleri arasinda meme, karaciger
ve cilt kanseri yer almaktadir. Biberiye 6zti, karnosol ve
UA meme tUimorinin gorilme sikligini  ve/veya
coklugunu azaltmistir3®#!, Osakabe ve ark. tarafindan
bildirilen %68 RA iceren bir Perilla frutescens 6zlitunun,
iki asamali bir fare deri modelinde timér olusumunu
belirgin sekilde azalttigini bildirmistir2.

Otofaji, uzun 6mirli proteinlerin, sitozolik bilesenlerin
veya hasarli organellerin yenilenmesinde rol oynayan
olduk¢a dizenli bir sirectir®®. ROS'un ER stresini
indiiklemedeki roliine ek olarak, Yang ve ark. tarafindan
gerceklestirilen in vivo galismalar, bozulmus otofajinin de
ER stresine  katkida  bulundugunu ve otofaji
restorasyonunun  ER homeostazini iyilestirdigini
gostermistir. Son veriler ayrica hepatosit lipid birikiminin
azalmis otofajik islevle iliskili oldugunu ileri sirmustir; bu
da otofaji'nin  hepatositlerde lipid homeostazinin
dizenlenmesindeki roliini  gostermektedir. Mevcut
¢alismada HepG2 hicrelerinin oleik asitle muamele
edilmesiyle, LC3Il, Beclin 1, ATG5 ve ATG7'nin protein
ekspresyonunda azalma oldugu tespit edilmistir®*. LC3II,
otofagozomun karakterize edilmis bilesenidir ve
azalmasi, hepatositlerde lipid damlaciklarinin birikmesine
yol acabilecek olan otofagozom dénlsiminin azaldigini
gostermektedir. Benzer sekilde, Beclin 1, otofaji
surecindeki anahtar gendir ve otofaji aktivitesinin
miktarini temsil etmektedir®.

Calismamiz RA'nin etkili bir sekilde kolon kanserinde
hicresel otofaji yolaklarindaki defektleri
iyilestirebilecegini ve engelleyebilecegini gostermektedir.
LPS hasari olusturdugumuz Caco-2 hicre hasarinda
otofajik yikimdaki etkisine kargi RA’nin rejeneratif etkisini
tespit ettik. immiinofloresans analizinda LPS gruplarinda
otofajik yolaktaki Beclin 1, p62 ve LC3 proteinlerinin
yikimindaki hasar sonucu, bu proteinlerin hiicrenin
sitoplazmasinda ve perinikleer alanlarda yogunlastigini
belirledik. LPS+RA  verilen  gruplarda protein
degradasyonunda yikimin geri donistirebilir etkilerini
tespit ettik. Ek olarak, western blot analizi,
imminofloresans analizindeki sonuglarimizi
desteklemektedir ve istatistiksel olarak anlamli farkhhk
bulunmustur (p<0,05).

Sonug olarak, bulgularimiz RA'nin anti-kanser etkilerini
gliclendirirken, kullanilan in vitro hiicre modeli ile RA'nin
otofajik yolaktaki 6nemli proteinlerin degradasyonunda
rejeneratif etkilerini oldugunu tespit ettik. /n vivo
ksenograft modelleri ve hasta kaynaklh organoidler
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kullanilarak yapilacak gelecekteki galismalar, farkl ilag
kombinasyon yaklasiminin terapétik potansiyeli hakkinda
klinik agidan daha anlamh bilgiler saglayabilecegini
distinmekteyiz.

Etik Standartlara Uygunluk
Etik onay gerekliligi bulunmamaktr.

Cikar Catismasi
Yazarlar arasinda gikar gatigsmasi yoktur.

Finansal Destek
Calismamiz herhangi bir kurum ya da kurulus tarafindan
maddi olarak desteklenmemistir.

Yazar Katkisi

iC, EA: Calismanin fikrinin gelistirilmesi, hipotezin
olusturulmasi ve ¢alisma tasariminin hazirlanmasi; iC, EA:
Materyal hazirlama, veri toplama ve analizinin
gerceklestirilmesi; IC: istatistiksel degerlendirme; iC:
Makalenin ilk taslaginin yazilmasi; iC, EA: Makalenin nihai
halinin dlzenlenmesi ve yayin sirecinin elestirel
degerlendirilmesi.
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/ ABSTRACT 6z

Objective: Asymmetric dimethylarginine is a major inhibitor of
nitric oxide synthesis. Erectile dysfunction and chronic kidney
disease (CKD) are associated with elevated levels of asymmetric
dimethylarginine. This study aimed to examine the effects of
ADMA on erectile dysfunction in patients undergoing peritoneal
hemodialysis.

Methods: A total of 32 peritoneal, 32 hemodialysis patients, and
32 healthy male volunteers were included in the study. Serum
asymmetric dimethylarginine levels were measured, and clinical
and laboratory parameters were analyzed. The International
Index of Erectile Function-5 was used to evaluate sexual function
and the Pittsburgh Sleep Quality Index was used to evaluate
sleep quality. Depressive symptoms were assessed using the
Beck depression inventory.

Results: Asymmetric  dimethylarginine levels differed
significantly among the three groups (p<0.001). It was higher in
patients undergoing hemodialysis than in those undergoing
peritoneal dialysis (p <0.002). Erectile dysfunction was detected
more frequently in the patient group than in the control group
(p<0.001). However, correlation analysis revealed no significant
relationship between asymmetric dimethylarginine levels and
erectile dysfunction scores. There was a negative correlation
between the erectile dysfunction score, sleep quality, and
depression scale scores. Asymmetric dimethylarginine showed a
significant positive correlation with treatment duration,
phosphorus, calcium-phosphorous product, and parathormone.
A negative correlation was observed between albumin,
cholesterol, low-density lipoprotein (LDL), residual urine, and
asymmetric dimethylarginine levels. Residual urine amount in
the correlation analysis showed a negative correlation with
asymmetric dimethylarginine, phosphorus, and calcium-
phosphorus products and a positive correlation with total
cholesterol and low-density lipoprotein.

Conclusion: Residual renal function and urine amount are

important parameters that correlate with ADMA levels for
sustainable healthy erectile function in CKD.

Amag: Asimetrik dimetilarginin, nitrik oksit sentezinin major
inhibitorudur. Erektil disfonksiyon ve kronik bébrek hastalgi
(KBH), yliksek asimetrik dimetilarginin seviyeleriyle iligkili
bulunmustur. Bu galisma, ADMA'nin peritoneal hemodiyaliz
gegiren hastalarda erektil disfonksiyon tGzerindeki etkilerini
incelemeyi amaglamistir.

Yontem: Calismaya toplam 32 peritoneal, 32 hemodiyaliz hastasi
ve 32 saghkl erkek gonulli dahil edildi. Serum asimetrik
dimetilarginin seviyeleri olguldu ve klinik ve laboratuvar
parametreleri analiz edildi. Cinsel fonksiyonu degerlendirmek igin
Uluslararasi  Erektil Fonksiyon indeksi-5 ve uyku kalitesini
degerlendirmek igin Pittsburgh Uyku Kalitesi indeksi kullanildi.
Depresif semptomlar Beck Depresyon Envanteri Olgegi kullanilarak
degerlendirildi.

Bulgular: Asimetrik dimetilarginin seviyeleri (¢ grup arasinda
onemli olgtide farklilik gosterdi (p<0,001). Hemodiyalize giren
hastalarda peritoneal diyalizi yapanlara gore daha yuksekti (p
<0,002). Hasta grubunda erektil disfonksiyon kontrol grubuna gére
daha sik tespit edildi (p<0,001). Ancak korelasyon analizi asimetrik
dimetilarginin dizeyleri ile erektil disfonksiyon skorlari arasinda
anlaml bir iliski olmadigini ortaya koydu. Erektil disfonksiyon
skoru, uyku kalitesi ve depresyon o6lgegi skorlari arasinda negatif
korelasyon gosterdi. Asimetrik dimetilarginin tedavi suresi, fosfor,
kalsiyum-fosfor Uriini ve parathormon ile anlamli pozitif
korelasyon gosterdi. Alblmin, kolesterol, diistik yogunluklu
lipoprotein (LDL), rezidiel idrar ve asimetrik dimetilarginin
dlzeyleri arasinda negatif korelasyon goézlendi. Korelasyon
analizindeki rezidlel idrar miktari asimetrik dimetilarginin, fosfor
ve kalsiyum-fosfor drlinleri ile negatif korelasyon, toplam
kolesterol ve diisiik yogunluklu lipoprotein ile pozitif korelasyon
gosterdi.

Sonug: Kronik bobrek hastaliginda (KBH) strdurdlebilir saglikh
erektil fonksiyon igin rezidtel bébrek fonksiyonu ve idrar miktari,
ADMA diizeyleriyle korelasyon gosteren 6nemli parametrelerdir.

Anahtar Kelimeler: ADMA, Erektil Disfonksiyon

K Keywords: ADMA, Erectile Dysfunction
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Introduction

Asymmetric dimethylarginine (ADMA) is a significant
inhibitor of endothelial nitric oxide synthase (eNOS)
production and L-arginine entry into cells.!ADMA has
been discovered to significantly increase the uncoupling
of eNOS and generate free radicals. 23

Recent studies have demonstrated that ADMA plays a
crucial role in predicting the likelihood of cardiovascular
complications and death in individuals with chronic
kidney disease (CKD) who are either pre-dialysis or
dialysis-dependent.*> ADMA causes vasoconstriction and
inhibition of acetylcholine-induced vasorelaxation in the
brain.® This plays a significant role in the cognitive decline
in patients with CKD. ADMA has also been linked to the
development of many comorbidities affecting whole
human physiology.”** Studies have connected ADMA to
the activation of polymorphonuclear cells and expression
of adhesion molecules.®

Erectile dysfunction (ED) is a common problem in
patients with CKD and its frequency increases in patients
undergoing dialysis.'® Mental disorders, drug side effects,
decreased penile vascularity, and hormonal factors are
associated with its etiology. ¥’

Nonetheless, there is a lack of randomized clinical
research examining the possible impact of arginine on
erectile function in patients with CKD. This research
sought to explore the connection between ADMA and
erectile dysfunction in individuals receiving dialysis
treatment.

Methods

This study included patients receiving dialysis treatment
at the Kocaeli University Faculty of Medicine Hospital.
The inclusion criteria were as follows: age > 18 years,
male sex, married or having a sexual partner, having
undergone peritoneal dialysis (PD)/hemodialysis (HD) for
at least three months, and volunteering to participate in
the study. The exclusion criteria were female sex,
diabetes mellitus, psychiatric disorders, active infection,
alcohol and substance addiction, malignancy, serious
neurological diseases, and cardiac and hepatic failure.
Age, marital status, and routine habits were recorded by
meeting the patients one-on-one. The International
Index of Erectile Function-5 (lIEF-5), Pittsburgh Sleep
Quality Index (PSQl), and Beck Depression Inventory
(BDI) were used to evaluate erectile function, sleep
quality, and depressive symptoms, respectively. Blood
samples were collected from patients undergoing HD and
peritoneal dialysis to determine ADMA levels. Blood was
obtained from patients undergoing hemodialysis prior to
dialysis and peritoneal exchange.

Information such as the dialysis duration, body mass
index, the underlying cause of end-stage kidney disease
(ESKD), type of peritoneal dialysis (PD), frequency of daily
exchanges, daily ultrafiltration for hemodialysis (HD)
patients, weekly duration and frequency of hemodialysis,
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dry weight, and the volume of ultrafiltration was
extracted from the medical records.

Urea, creatinine, sodium, potassium, phosphorus,
calcium, alkaline phosphatase, total protein, albumin,
hemoglobin, sedimentation, C-reactive protein (CRP),
parathyroid hormone (PTH), iron, transferrin saturation,
ferritin, total cholesterol, low-density lipoprotein (LDL),
high-density lipoprotein (HDL), serum triglyceride (TG),
uric acid, hemoglobin, mean platelet volume (MPV),
platelets, FSH, LH, total testosterone, residual renal
function, and weekly Kt/V values are listed in the files. For
patients undergoing hemodialysis, the average Kt/V
values in the last 3 months were recorded. After
collecting blood samples for ADMA measurement, the
serum was stored at 80°C. The Immune Diagnostic ADMA
Xpress ELISA Kit (Bendheim, Germany) was used for the
ADMA measurements.

Statistical Analysis

Statistical analyses were performed using SPSS 20 for
Windows (SPSS Inc., Chicago, IL, USA). Made using the
latest version. To evaluate the significance level of the
differences between groups, a t-test was used between
the two groups, and one-way ANOVA was used between
the three groups for normally distributed variables. For
variables that were not normally distributed, the Mann—
Whitney U test was applied between two groups, and the
Kruskal-Wallis test was applied between three groups.
To evaluate the relationship between ADMA and the
clinical, biochemical, and quality of life scales, the
Pearson correlation test was wused for normally
distributed variables, and the Spearman correlation test
was used for normally distributed variables. Statistical
significance was set at p < 0.05.

Results

Ninety-six male participants, including 32 patients
undergoing HD, 32 undergoing PD, and 32 healthy
volunteers, were included in the study. All patients
undergoing PD exchanged 2000 ml four times a day. All
HD patients underwent dialysis for three days-four hours
per week. The mean age was 48.6 + 11.3 in PD patients,
48.8 £ 12.1 in HD patients, and 46.6 £ 7.4 in the control
group. The causes of ESKD in patients undergoing PD
included hypertension in 19, glomerulonephritis in two,
idiopathic in three, polycystic kidney disease in six,
vesicoureteral reflux in one, and nephrolithiasis in one.
The causes of ESKD in patients undergoing HD were
hypertension in 14 (of patient had both hypertension and
polycystic kidney disease), glomerulonephritis in 2,
polycystic kidney disease in 5, amyloidosis in 1, idiopathic
in 7, congenital renal hypoplasia in 1, nephrolithiasis in 2,
and vesicoureteral reflux in 1. In the group of patients
receiving hemodialysis, 27 individuals (84.37%) were
diagnosed with erectile dysfunction. Comparatively, 20
patients (62.5%) in the peritoneal dialysis category and 8
individuals (25%) in the control group were also affected.
Overall, 73.43% of those undergoing dialysis (both HD
and PD) experienced erectile dysfunction.
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Asymmetric dimethylarginine levels were measured in
PD patients: 0.74 = 0.42 micromol/L, in HD patients:
1.1+0.4 micromol/L, and in the control group: 0.47+0.2
micromol/L. The PSQl, BDI, and IIEF-5 values of PD, HD
patients, and the control group, as well as treatment
duration, residual urine amount, Kt/V values, and other
laboratory data of PD and HD patients, are shown in
Table 1. Upon examining the data, it was discovered that
there were statistically significant discrepancies in the
ADMA, BDI, PSQl, IIEF, and total testosterone levels
(Table 1).

A pairwise comparison was performed between the
groups to determine the group that had differences in
ADMA level, IIEF-5, PSQIl, and BDI scores. Bonferroni
correction was used, and a p-value <0.0167 was
considered significant. (Table 2)

When patients with PD and those with HD were
compared, no significant difference was observed
between the two groups in terms of IIEF-5, PSQl, BDI
scores, and total testosterone levels. ADMA levels were
significantly lower in patients undergoing PD than in HD

patients [0.740.4 micromol/L, respectively; 1.1+0.4
micromol/L (p=0.002)]. In patients with PD, ADMA levels
and PSQl scores were higher than those in the control
group (p=0.002, p=0.008, respectively), and the IIEF score
was significantly lower (p<0001). In patients undergoing
HD, the IIEF-5 scores were lower (p<0.001) and the
ADMA, BDI, and PSQI scores were higher than those in
the control group (ADMA, p=0.002; PSQl, p=0.002; BDI,
p<0.0001).

When the relationships between the laboratory values of
HD patients and PSQl, IIEF-5, BDI scores, and ADMA were
examined, a significant relationship was found between
transferrin and ADMA levels. When peritoneal dialysis
and HD patients were taken together as a patient group
and the relationship between laboratory values, PSQl,
IIEF-5, BDI scores, and ADMA were examined, a
significant relationship was found in the same direction
with treatment duration, phosphorus, parathormone,
MPV, and ferritin, and a significant reverse relationship
was found between residual urine amount and LDL.

Table 1. Comparison of variables in peritoneal dialysis and hemodialysis patient groups

PD patients HD patients

Mean SD Mean SD p value
Age (year) 486+11.3 48.8+12.1 0.945
Number of offspring 0.7+0.4 1.1+0.4 0.0002
IIEF-5 149+6.9 14,69+ 6.8 0.907
ADMA (umol/L) 0.7+0.4 1.1+0.4 0.0002
Psal 6.3+4.1 7.4+4.7 0.322
BDI 12.0+10 16.8+11.5 0.079
Total Testosterone (ng/dL) 357.5+103.1 263 +124.8 0.001
Duration of Dialysis (months) 52+34.7 106.1 +67.9 0.0002
Residual Urine (mL) 827.2+744.3 212.5+421.8 0.0001
UF Volume(mL) 1339.8 £692.6 3064.1£992.2 0.0001
Kt/V 2.10+0.9 1.4+0.2 0.0001
T. protein (g/dL) 6.2+0.8 6.7+0.6 0.006
Albumin (g/dL) 3.5+0.5 3.8+0.3 0.005
Calcium (mg/dL) 9.0+0.7 8.9+0.9 0.621
Phosphorus (mg/dL) 51+13 5716 0.104
Ca—P Product 46.4+13 50.7+£13.6 0.200
PTH (pg/mL) 603.5 + 662.4 (Median: 574.28) 683.4 + 468.7 (Median:727.130) 0.579
Total cholesterol (mg/dL) 169.9 £43.3 154.6 £35 0,125
LDL (mg/dL) 107.6 £ 34.9 80+30.3 0.001
BMI (kg/m?) 26.4+3.8 24.4+35 0.032
Hemoglobin (g/dL) 11.5+2.2 12.2+2 0.187
MPV (fL) 7311 8.8+1 0.0001
Platelet (cells/mm3) 254.281 +71.026 200.312 £ 68.263 0.002
Iron (mcg/dL) 72.9+30 66.9 +48.8 0.555
Transferrin saturation (%) 34.9+£20.9 46.8 £69.1 0.354
Ferritin (ng/mL) 341.5 £ 280.5 (Median:361.68) 791.6 £ 956 (Median:833.33) 0.013
Uric Acid (mg/dL) 57+1 6+1.7 0.392
CRP (mg/L) 1.2+15 1.7+2 0.262

Abbreviations: SD: Standard deviation, CRP: C-reactive protein, PTH: Parathormone, BMI: Body Mass Index, LDL: Low Density Lipoprotein, MPV: Mean

Platelet Volume, UF: Ultrafiltration, ADMA: Asymmetric dimethylarginine, IIEF -5: International Index of erectile Function-5, PSQI: Pittsburgh Sleep
Quality Index, BDI: Beck depression Inventory. T-test was used.
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Table 2. Comparison of Common Variables Between Groups

PD (n=32) HD (n=32) Control (n=32) P

Mean + SD Mean = SD Mean + SD
Age™ 48.6+11.3 48.8+12.1 46.6+7.4 0.645
1‘(’:agllzejt°5ter°"e 357.5+103.1 263+124.8 32141125 0.005

Median (IQR) Median (IQR) Median (IQR)
ADMA *(umol/L) 0.7 (0.4) 1.1(0.4) 0.5(0.2) <0.0001
PsQl* 6.3 (4.1) 7.4 (4,7) 4(3.1) 0.003
BDI" 12 (10) 16.8 (11.5) 6.7 (4.3) <0.0001
IIEF-5 * 14.9 (6.9) 14.7 (6.8) 22.3(2.8) <0.0001

Abbreviations: SD: Standard deviation, IQR: Interquartile range ADMA: Asymmetric dimethylarginine, IIEF -5: International Index of
erectile Function-5, PSQI: Pittsburgh Sleep Quality Index, BDI: Beck depression Inventory. *Kruskal Wallis, **One Way ANOVA

Table 3. Association between ADMA levels and other variables in HD and PD groups.

r

p

Age® 0.008
IIEF-5" 0.068
PsQl® 0.006
Total testosterone ? -0.200
Treatment period ® 0.251
Residual urine volume ® -0.413
Total protein ® -0.138
Albumin P -0.260
Calcium ® -0.187
Phosphorus @ 0.296
Calcium x phosphorus product ® 0.217
Parathormone ® 0.451
Total cholesterol ® -0.229
HDL® -0.234
LDL® -0.250
Hemoglobin ® -0.017
Transferrin saturation ® 0.059
Ferritin ® 0.276
Uric acid ? 0.114
CRP® 0.214

0.947
0.595
0.961
0.114
0.046
0.001
0.276
0.038
0.150
0.018
0.086
0.0001
0.069
0.062
0.047
0.892
0.642
0.027
0.368
0.089

Abbreviations: ADMA: Asymmetric dimethylarginine, IIEF-5: International Index of Erectile Function-5,
PSQl: Pittsburgh Sleep Quality Index, BDI: Beck Depression Inventory, CRP: C-reactive protein, LDL: Low

Density Lipoprotein, HDL: High Density Lipoprotein
2 Pearson correlation analysis, ® Spearman correlation analysis

Table 4. Residual urine volume and variables associated with residual
urine volume

Residual urine volume

ADMA -0.413"
Total testosterone 0.413"
Total cholesterol 0.249"

LDL 0.336™
Phosphorus -0,402™
Parathormone -0,329"
Calcium x Phosphorus Product -0,397**

Spearman correlation test was used. * p<0.05, ** p<0.01

ADMA: Asymmetric dimethylarginine, LDL: Low Density Lipoprotein
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Discussion

The ADMA levels were higher in the ESKD group than in
the control group. Furthermore, patients undergoing HD
had significantly higher ADMA levels than those
undergoing PD The results of this study are consistent
with those of previous studies. A study by Zhang et al.®
in 2010 revealed that ADMA levels were at their lowest
in healthy individuals, increased in patients undergoing
PD, and reached their peak in those receiving HD. ADMA
is linked to an increased risk of cardiovascular issues. In
patients with ESKD, the removal of high ADMA content
from the body may decrease the risk of morbidity and
mortality.!® In some instances, choosing peritoneal
dialysis could offer greater benefits in potentially
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lowering mortality rates when compared to
hemodialysis.

After evaluating patients with PD and HD individually, no
correlation was observed between ADMA and IIEF-5
scores. The outcomes remained consistent when the PD
and HD patients were combined into a single group.
Erectile dysfunction in individuals with ESKD can occur for
several reasons in addition to an increase in ADMA levels,
which impedes nitric oxide synthesis. Paroni et al.?°
examined patients who were exclusively monitored in
the ED. The findings revealed that both arteriogenic and
non-arteriogenic ED patients exhibited higher levels of
ADMA than the control subjects. ADMA levels were
higher in patients with arteriogenic ED than in those
without. Due to the limitations of performing penile
Doppler on patients who participated in the study, it was
not feasible to differentiate between arteriogenic and
non-arteriogenic ED. As a result, no remarks were made
regarding the relationship between IIEF score and ADMA
in patients undergoing dialysis with either type of ED.
Studies have indicated that people with ED often exhibit
a higher mean platelet volume, which indicates
heightened platelet activity. This points to a likelihood of
platelet aggregation, regardless of the root cause.?! In
this study, a connection was observed between ADMA
and MPV levels. Previous studies have not documented
this association or the impact of MPV on patients with
CKD 22,23,24

IIEF scores were significantly lower in patients with PD
and HD than in the control group, and erectile
dysfunction, depression, and sleep disorders were more
common in patients with ESKD than in the normal
population. 2> When patients undergoing PD and HD
were compared, no significant differences in the IIEF-5,
BDI, and PSQI scores were observed. Erectile dysfunction
is common in dialysis patients. Patients express sleep-
related and psychological distress, but have difficulty
expressing complaints about sexual dysfunction. This
situation also caused difficulties in filling out the
questionnaires and in daily practice. Quality of life
variables and sexual dysfunction experienced by patients
undergoing physical examination and laboratory tests
should be thoroughly assessed, particularly those that
are difficult to articulate. In this study, the incidence of
depression was higher in the patient group than in the
nonpatient group.

The frequency of erectile dysfunction in patients with
chronic kidney disease is approximately 20%—87.7%.
262728 The frequency of ED among patients included in
the study was 68.8% in the PD group and 81.3% in the HD
group. ED was more common in patients undergoing HD
than in those undergoing PD; however, this difference
was not statistically significant.

Several factors can cause ED in ESKD patients. Factors
such as vascular problems, medications, hormonal
changes, psychological stress, zinc deficiency, and
anemia play a role in the development of erectile
dysfunction. 22 In the analysis we conducted to determine
the factors affecting the IIEF-5 score of the patient group,
there was a negative correlation between the amount of
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residual urine, PSQl and BDI scores, and the IIEF score. In
addition, age correlated with erectile dysfunction. No
relationship was found between other laboratory
markers and IIEF-5 in the hemodialysis group.

In the peritoneal dialysis group, there was a significant
inverse relationship between ADMA and total protein
and albumin levels, which are nutritional markers. %
When the PD and HD groups were considered together,
no significant relationship was found with total protein,
whereas a significant negative correlation was found
between albumin and ADMA levels. Many studies have
shown a negative correlation between plasma albumin
concentration and a positive correlation between high
ferritin levels and morbidity in patients undergoing PD or
HD. 3° Given that both are significant indicators of
inflammation, it makes sense to comprehend this
connection.

When we examined the relationship between total
cholesterol, LDL, and ADMA in our patients, we found a
negative correlation. The negative correlation between
total cholesterol and LDL, which increases the risk of
atherosclerosis in the normal population, and ADMA,
which increases vascular endothelial damage in patients
with ESKD, is consistent with previous studies and once
again reveals the importance of nutritional status in
patients undergoing dialysis**32. Hypocholesterolemia is
a strong risk factor for mortality in patients undergoing
dialysis and a marker of poor nutritional status. 33 Similar
to hypoalbuminemia, hypocholesterolemia is thought to
be associated with inflammation.

In this study, ADMA was significantly associated with
inorganic phosphorus and PTH levels. ADMA is a
predictive marker of hyperparathyroidism. 34 Although it
cannot be concluded that ADMA causes PTH secretion,
an increase in ADMA and PTH values occurs together.®
No significant relationship was found between ADMA
and calcium and phosphorus levels, which are other
factors contributing to vascular calcification in this study,
probably due to the small number of patients.

The most significant data in this study were related to the
amount of residual urine volume. A significant negative
correlation was found between residual urine function
and ADMA, phosphorus, PTH, calcium phosphorus
product values, and treatment duration, whereas a
positive correlation was found between total cholesterol,
LDL, and total testosterone levels. A notable correlation
between ADMA and total testosterone levels has been
observed in patients with  hypogonadotropic
conditions.3®3” However, this association has not been
documented in patients with CKD.

Residual renal function is an important predictor of
survival in patients 3637 Very few large-scale studies have
been conducted on patients undergoing hemodialysis.
The CHOICE study showed that mortality was reduced in
patients undergoing hemodialysis with residual renal
function, regardless of the cause.3® Many studies have
shown that patients with residual renal function have
better nutritional status than those without residual
renal function®. Emphasizing the preservation of the
remaining kidney's function may play a crucial role in
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enhancing patients' overall quality of life and sexual
health.4

Conclusion

In conclusion, this study confirmed the elevated ADMA
levels in dialysis patients, which vary based on the type
of dialysis they undergo. Although a direct relationship
between ADMA and ED was not found, its associations
with nutritional markers, mineral metabolism, and
especially the impact of residual renal function on various
biochemical parameters, underscore the importance of a
multidimensional approach in managing this patient
population. Future studies should be conducted in larger
patient cohorts to understand better the role of ADMA in
the pathophysiology of CKD and to evaluate the long-
term effects of different dialysis modalities.
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Amag: CD5*CD19* malign B hiicrelerin kemik iligi ve kanda birikmesi
ile karakterize kronik lenfositik I6semi (KLL), Amerika ve Avrupa’da
yetiskinlerde en sk gozlenen I6semi tipidir. CD38, ZAP70
ekspresyonlari, immunoglobilin agir zincir degisken bolge (IgVH)
mutasyonlari hastaligin klinik seyri hakkinda bilgi saglasa da KLL
patogenezi heniiz net olarak tanimlanmamistir. Transmembran
proteini olan Notch reseptérleri hiicre gogalmasi, farklilasmasi ve
apoptozis sureglerinde immiin homeostazin saglanmasinda oldukga
o6nemlidir. Glncel c¢alismalar, Notch molekillerinin kanser
gelisiminde roli oldugunu gostemektedir. Bu galismada KLL tanisi
almis  hastalarda Notch seviyeleri analiz edilerek KLL
patogenezindeki rolleri incelenmistir.

Yontem: KLL tanili 15 hasta ve 9 saglikli bireyin periferik kanindan
izole edilen periferik kan monontkleer hiicrelerde akan hiicre olger
ile Notch1, Notch2, Notch3 ve Notch4 seviyeleri degerlendirildi.
Bulgular: KLL hastalarinda lenfosit, CD19* B ve CD3* T hiicrelerde
Notch1 ifadesinin arttigi, buna karsin Notch4 ifadesinin ise azaldigi
gozlendi. Hasta ve saglikli bireyler arasinda Notch2 ve Notch3
ifadeleri arasinda anlamli fark gézlenmedi.

Sonug: KLL hastalarinda yiksek Notchl mRNA ifadesinin koti
prognoz ile iliskili oldugu, Notch4 aktivasyonunun ise kemoterapiye
direng olusturdugu bildirilmektedir. Bulgularimiz akan hiicre 6lger ile
Notch ifadelerinin hastalarda hizli bir sekilde degerlendirilebilecegini
ve degisen Notchl ve Notch4 ifadelerinin KLL patogenezinde
potansiyel belirtegler olarak 6ne gikabilecegini géstermektedir.

Anahtar Kelimeler: Kronik lenfositik 16semi, Notchl, Notch2,
Notch3, Notch4

ABSTRACT

Obijective: Chronic lymphocytic leukemia (CLL), characterized by the
accumulation of CD5*CD19* malignant B cells in the bone marrow
and blood, is the most common type of leukemia in adults in the
United States and Europe. While CD38 and ZAP70 expression and
immunoglobulin heavy chain variable region (IgVH) mutations
provide insights into the clinical outcome of the disease, the
pathogenesis of CLL has not yet been fully elucidated. Notch
receptors, which are transmembrane proteins, play a critical role in
regulating cell proliferation, differentiation, and apoptosis. Recent
studies have demonstrated the involvement of Notch proteins in
various types of cancer. In this study, the levels of Notch molecules
were analyzed in CLL patients to investigate their roles in the
pathogenesis of the disease.

Methods: Notch-1, Notch2, Notch3, and Notch4 levels were
analyzed by flow cytometry in peripheral blood mononuclear cells
isolated from heparinized blood samples of 15 CLL patients and 9
healthy individuals.

Results: Compared to healthy individuals, increased Notchl and
decreased Notch4 levels were found in total lymphocytes, B cells,
and T lymphocytes in CLL patients. No significant differences were
detected in Notch2 and Notch3 expression between patients and
healthy individuals.

Conclusion: It has been reported that high Notchl mRNA expression
is associated with poor prognosis and Notch4 activation contributes
to chemotherapy resistance in CLL patients. Our findings
demonstrate that Notch expression can be rapidly analyzed in CLL
patients using flow cytometry. Additionally, our findings suggest
that Notchl and Notch4 expression can be used as potential
biomarkers in CLL pathogenesis.

Key words: Chronic lymphocytic leukemia, Notch1, Notch2, Notch3,
Notch4
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Girig

Bat1 Ulkelerinde yetiskinlerde en sik gozlenen |6semi tiiri
olan kronik lenfositik 16semi (KLL), ¢ogalma kapasitesi
diisuk, CD5 ifade eden malign B hiicrelerin kanda, lenf
nodunda, kemik iliginde birikimiyle tanimlanir.! Malign B
hiicreleri CD5, CD19 ve CD23 ifade ederken, CD79b ve
FMC7 ifade etmezler.? Diger |6semilerden farkh olarak KLL
patogenezinde BCL-2 ve p53 genlerinde mutasyon,
imminoglobilin  agir zincir degisken bolge (IgVH)
mutasyonlari, trizomi 12, 11q, 13q ve 17p delesyonlari gibi
genetik faktorler, CD38 ve ZAP70 ekspresyon seviyeleri
hastaligin klinik gidisatini gésteren énemli belirteglerdir.
Hastalarin énemli bir kisminda hastalik yavas seyirlidir,
tedaviye ihtiya¢ duyulmamaktadir. Buna karsin hastalarin
bir kisminda tani aninda ya da sonrasinda tedavi
uygulanmaktadir.*

Epidermal biylime faktorl benzeri tekrar dizileri igeren bir
transmembran proteini olan Notch reseptori ve ligandlari,
hicresel farklilasma, apoptoz, organ gelisimi, doku
homeostazinin diizenlenmesi ve kok hicrelerin kendini
yenilemesi gibi normal biyolojik siiregleri dizenleyen,
evrim boyunca yiiksek derecede korunmus molekiillerdir.®
Notch sinyal transdiksiyonunu baslatmak icin genellikle
reseptor-ligand  etkilesimi  gerekmektedir.®  Giincel
galismalar Notch sinyal yolunun bircok kanser tiirinde
onkojenik ya da tiimor baskilayici bir faktér olarak rol
alabilecegini bildirmektedir.” Ayrica, Notch sinyal yolunun,
timor hicrelerine kemorezistans kazandirilmasinda rol
oynadigi bilinmektedir.” Bu ézellikleri Notch sinyalini hedef
alan yeni tedavi uygulamalarinin gelistiriimesine 151k
tutmaktadir.®

Notch reseptdr mutasyonlarinin T ve B hiicrelerinde
fonksiyonel bozukluklara neden olabilecegi ve hematolojik
malignitelerdeki rolleri farkli ¢alismalar ile ortaya
konulmaktadir.’ T hiicre gelisiminde &nemli rolii olan
Notchl’in T hicreli akut lenfoblastik I6semi (T-ALL)
patogenezindeki rolii t(7;9) kesfiyle ortaya c¢ikmistir.®
Marjinal zone farklilagmasi ve gelisiminde Notch2’in roli
oldugu bilinmektedir.1>*! Giincel veriler, Notch2 genindeki
mutasyonlarin marjinal zone lenfomasi (MZL) gelisimine
neden oldugunu ve hastaligin patogenezindeki kritik
roliinii vurgulamaktadir.?? KLL patogenezinde Notchl ve
Notch2 ligandlari olan Jagl ve Jag2’in sirekli olarak ifade
edildigi ve bu molekillerin apoptoza karsi malign B
hiicrelerine diren¢ kazandirdigi ifade edilmektedir.>* Bu
nedenle, farkli Notch sinyal yolaklarinin hematolojik
kanserler icin potansiyel terapotik hedefler olarak
degerlendirilebilecegi bildirilmektedir.® Notch
reseptorlerinin timorler ve kanser Uzerindeki rolleri iyi
bilinmekte olup, viral enfeksiyonlardaki etkileri de ayrintil
bir sekilde ortaya konulmustur. Ozellikle, Covid-19
enfeksiyonunu  agir  geciren  hastalarda  Notch4
reseptoriiniin, dizenleyici T hicrelerinde (Treg)
ekspresyon seviyelerinin arttigi bilinmektedir.l* Ayrica,
Notch1 reseptorinin multisistem enflamatuvar sendrom
(MIS-C) hastalarinda Treg hiicreleri tarafindan yiksek
seviyelerde ifade edildigi ve bu hiicrelerin
destabilizasyonuna yol ac¢tgl gésterilmisti.’> Tim bu
veriler, Notch sinyal yolunun énemli rolleri nedeniyle, bu
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yolu hedef alan vyeni tedavi yaklasimlarinin veya
biyobelirteglerin gelistirilmesinin hastalik patogenezinde
onemli yer tuttugunu gdstermektedir.

Bu calismada KLL tanisi almig hastalarda Notch seviyeleri
akan hiicre olger ile analiz edilerek KLL patogenezindeki
rolleri incelenmistir.

Yontem

Hasta Grubu

istanbul Universitesi, istanbul Tip Fakiiltesi, Hematoloji
polikliniginde takibi yapilan ve herhangi bir ilag tedavisi
almayan, 5x103/mm?3 lizerinde lenfosit ve periferik kaninda
olgun gorlinimlu ve CD5 ifade eden CD19 hiicresi olan
olan; enfeksiyonu ya da sekonder bir kronik rahatsizlig
olmayan 15 (8 erkek, 7 kadin) KLL hastasi ¢calismaya dahil
edildi. Cinsiyet ve yas uyumlu, 9 (6 erkek, 3 kadin) saghkl
eriskin ile kontrol grubu olusturuldu. Saglikli eriskinlerin
seciminde otoimminite ve kanser Oykiisi olmamasi,
ornek alindiginda enfeksiyon gozlenmemesine dikkat
edildi. Calismaya katilan tim gonullulerden bilgilendirilmis
goniillii onam formlari alindi (i.U. iTF Etik Kurulu, no:1301,
tarih:13.11.2017).

Akan Hiicre Olger Sistemi ile Notch Analizi

Olgulardan alinan periferik kan (10ml) érneklerinde ficoll
yontemi ile periferik kan mononukleer hicreler izole
edildi. Hiicreler (5x108 hiicre/ml) Gizerine anti-Notch1 FITC,
-Notch4 PE, -CD5 PECY5, -CD19 APC, -CD3 AlexaFlour700,
-Notch3 BV421 ve -Notch2 BV650 monoklonal antikorlari
eklendi. Kullanilan tim monoklonal antikorlar BioLegend
(ABD) firmasindan temin edildi. Hicreler 20 dakika
inklibasyon sonrasinda fosfat tuzlu tamponu (PBS) ile 1800
rom’de 10 dakika yikanarak hiicre pelleti Gizerine PBS
eklendi ve 6rnekler Novocyte (Agilent, ABD) akan hicre
Olger cihazindan gegirilerek  NovoExpress analiz
programinda degerlendirildi. Tim &rneklerde SSC/FSC
grafiginde lenfosit kapisinda en az 200.000 hiicre sayildi.
Lenfosit, CD19* B, CD3* T lenfosit popilasyonlari icinde
Notchl, Notch2, Notch3 ve Notch4 seviyeleri analiz edildi.

Istatistiksel Analizler

istatistiksel ~ analizler icin  GraphPad Prism 9.1
uygulamasindan yararlanildi. Gruplar arasi karsilastirma
analizleri igin veriler normalizasyon testine tabi tutuldu.
Normal dagihm géstermeyen gruplara Mann-Withney-U
Testi uygulandi. Spearman Testi ile korelasyon analizleri
gerceklestirildi. Verilerin istatiksel anlamlilik degerleri,
p<0,05 olarak kabul edildi.

Bulgular

Calismada yer alan 8 erkek, 7 kadin olmak Uzere toplam 15
KLL hastasinin yas ortalamasi 68 (59-77) yildir. Kadin
hastalarin yas ortalamasi 67 (59-73), erkek hastalarin ise
71 (66-77) yildir. Binet evreleme sistemine gére 5 hasta
evre A, 10 hasta ise evre B, Rai siniflandirmasina gore ise 4
hasta evre 0, 2 hasta evre |, 4 hasta evre |l ve 5 hasta ise
evre Il olarak degerlendirildi. Hastalarin klinik ve
demografik verileri Tablo 1’de verildi.
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Tablo 1. KLL hastalarina ait klinik ve demografik 6zellikleri

KLL Saglikli Kontrol
n 15 9
Cinsiyet Erkek (n) 8 6
Kadin (n) 7 3
Yas Ortalamasi (Yil) 68 (59 - 77) 54 (49 - 60)
(En diigtik-En yiiksek)
WBC (10°/L) (ortalama) 47.19 -
(En disiik-En yiksek) (7.7 -176)
LYM (10°/L) (ortalama) 38.03 -
(En diisiik-En yiksek) (6.3-159)
delllq (n) 0 -
dell3q (n) 0 -
Kromozomal Anomali dell7p (n) 0 -
tril2 (n) 0 -
CD38 Pozitif (n) 4 -
Negatif (n) 11 -
BINET Evre A(n) 5 -
B (n) 10 -
C(n) 0 -
0(n) 4 -
I (n) 2 -
Rai Evre Il (n) 4 -
I (n) 5 -
IV (n) - -
Tedavi Yok (n) 15 -
Var (n) 0 -
Akan hiicre olger ile Notch seviyeleri analiz edilirken 6nce grafiginde CD3* T hiicreler kapilandi. Total lenfosit, B
SSC/FSC grafiginde lenfositler kapilandi. Lenfositler icinde lenfosit ve T lenfositler icinde Notch1, Notch2, Notch3 ve
SSC/CD19 grafiginde CD19* B hicreler ve SSC/CD3 Notch4 seviyeleri analiz edildi (Sekil 1).
— P ~ &= KLL
' \ b | 3 sK
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Sekil 1. KLL (kirmizi renk), saglikh kontrol - SK (mavi renk) ve izotip kontrole (gri renk) ait lenfosit, CD19* B hiicre ve CD3* T
hiicrelerde Notch1, Notch2, Notch3 ve Notch4 seviyelerini gbsteren histogram gérintileri.

Total lenfositler icinde degerlendirildiginde (sirasiyla; p=0,03 ve p=0,02) (Sekil 2A). Hasta ve saglikh
Notchlseviyesinin KLL hastalarinda saglikh bireylere gore bireyler arasinda lenfositlerde Notch2 ve Notch3 seviyeleri
arttig, Notch4 seviyesinin ise azaldigl tespit edildi acisindan ise anlamli bir fark gézlenmedi. Notch seviyeleri
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B ve T lenfositler icinde analiz edildiginde saglikli bireylere
kiyasla KLL hastalarinda hem B hem de T lenfositlerde
yuksek Notchlseviyeleri gozlendi (sirasiyla; p=0,05 ve
p=0,03). Buna karsin hastalarda Notch4 seviyelerinin ise B
ve T lenfositlerde disik oldugu saptandi (sirasiyla; p=0,05
ve p=0,05) (Sekil 2B-2C). B ve T lenfosit Notch2 ve Notch3
seviyeleri incelendiginde hasta ve saglikli bireyler arasinda
fark olmadig! tespit edildi. Hastalarda Notchl, Notch2,
Notch3 ve Notch4 seviyeleri Rai ve Binet evreleme
sistemleri ve CD38 durumuna gore analiz edildiginde hasta
gruplari iginde fark gdzlenmedi.
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.I.I.l.l.l...

Notchl Notch2 Notch3 Notch4

Sekil 2. Lenfosit, CD19* B hiicre ve CD3* T hiicrelerde
Notchl, Notch2, Notch3 ve Notch4 seviyelerinin KLL
(kirmizi renk) ve saglikli  kontrollerde (mavi renk)
karsilastiriimasi, * p<0,05, **p<0,01.

Tartisma

Bati lilkelerinde sik gbzlenen KLL yavas seyirli bir hastaliktir.
Hastalarin cogunlugu tedavi almadan sadece klinik olarak
takip edilirken, hastalarin bir kisminda tedavi uygulanir.?
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KLl'yi  diger  hematolojik  hastaliklardan  ayirici
ozelliklerinden biri akan hticre dlger ile B hicrelerinde CD5
ve CD23 pozitifligi yaninda, FMC7 ve CD79b ifadesinin
negatif olarak gézlenmesidir.? IgVH mutasyon durumu,
CD38 ve ZAP70 duzeyi ile del17p, del13q gibi kromozomal
degisikliklerin hastaligin klinik gidisi ile iliskili olduklari
bilinmektedir.!® KLL patogenezi heniiz net olarak ortaya
konulamamistir ~ ve hastaligin klinik  gidisatini
gosterebilecek parametrelerin  belirlenmesi  oldukga
onemlidir.

Hucre ¢ogalmasi, hiicre farklilagmasi, apoptoz gibi bircok
hiicresel siiregte rol alan Notch sinyal yolaginin birgok
kanserde de &nemli role sahip oldugu gosterilmektedir.” ilk
olarak T-ALlUde t(7;9) translokasyonunun Notchl
transkriptlerini kisalttigl ve hastaligin patogenezinde rol
aldigi gésterilmistir.l” Calismalar akciger skuaméz hiicreli
karsinom, meme kanseri ve anaplastik buyuk hicreli
lenfoma gibi cesitli kanserlerde onkojenik Notch gen
mutasyonlarini ortaya koymaktadir.182°

Notchlve Notch2'nin KLL'li hastalarda siirekli olarak ifade
edildigi ve malign B-KLL hicrelerini apoptoza direngli
kildiklari bildirilmektedir.? ilaveten KLL hastalarin yaklasik
%10’'unda Notchl geninde somatik mutasyonun oldugu,
refrakter hastalar ile Richter donlisimi olan hastalarda
Notchl mutasyon sikhginin daha vyiksek oldugu
bilinmektedir.2* Ayrica giincel calismalar, Notch mutasyonu
olan KLUli hastalarda difiiz buyik B hicreli lenfomaya
transformasyon  riskinin  daha  yiksek  oldugunu
gbstermektedir.??2 Tim veriler, Notch sinyal yolaginin ve
ozellikle Notchl mutasyonunun, KLUnin klinik gidisini
gosterebilecek bir biyobelirte¢ olabilecegi izlenimini
vermektedir.?® Bu veriler ile uyumlu olarak ¢alismamizda
KLL hastalarinda Notchl seviyesinin arttigi gosterilmistir.
Bu artisin hem B hem de T lenfositlerde oldugu
gozlenmistir. Calismamizin 6nemli kisitlamalarindan biri
hastalarda Notchl gen mutasyonu bakilmamasidir. Buna
karsin glincel ¢alismalar, Notch1l mutasyonu saptanmayan
KLL hastalarinda da Notchl mRNA ekspresyonunun
yukseldigini ve mRNA ekspresyonu agisindan mutasyonu
olan  hastalar ile aralarinda fark  olmadigini
bildirmektedir.2*

Notch4, agirlikh olarak kan damarlarinda ve kemik iliginde
mezenkimal stromal hiicrelerde eksprese olur. Ayrica
Notch4 knock-out hayvan calismalari, bu hayvanlarda
damar gelisimde belirgin degisiklikler goézlendigini ifade
etmektedir.2* KLL hastalarinda kemik iligi stromal
hicrelerinde Notch4 uyariminin kemoterapiye direng
olusmasina neden oldugu bildirilmektedir.® Pre-klinik
calismalar, B-ALL ve KLlUde, anti-Notch4 antikor
uygulamasinin, kemik iligi mezenkimal stromal hiicreler ile
tumor hicreleri arasindaki Notch4 sinyallesmesini bloke
ettigini ve timor hicrelerinin yasam siresini kisalthgini
gbstermektedir.®> Ayrica, azalan Notch4 seviyesinin, Treg
hicrelerinin  baskilama kapasitesini artirarak timor
hicreleriyle miicadele eden T hiicrelerinin inhibisyonuna
ve tumor hicrelerinin lizisinin engellenmesine yol
acabilecegi 6ne sirilmektedir.* Calismamizda KLL
hastalarinda Notch4 seviyesinin saglikli kontrollere gore
azaldigi gézlendi. Calismalar B-KLL hiicrelerinin IL-10, TGF-
B gibi sitokinler sekrete ettigini ve immun vyanitlan
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baskilayabilecegini gostermektedir.?®?” Bu &zellikleri ile
Treg hiicrelere benzedigi ifade edilmektedir.?’ Azalan
Notch4 seviyesinin Treg fonksiyonlarini arttirici 6zelligi ve
B-KLL hucrelerinin Treg’lere benzerligi dikkate alindiginda,
bulgularimiz KLL hastalarinda o6zellikle B hicrelerinde
azalan Notch4 seviyesinin malign B hicrelerinde IL-10 gibi
immin baskilayici sitokinlerin sekrete edilmesine neden
olarak KLL'de gozlenen T hiicre disfonksiyonuna neden
olabilecegini  disiindirmektedir.  ilaveten, Notch4
seviyesinin duslk olarak gézlenmesi ¢alismaya dahil edilen
hastalarin hem erken evre olmasi hem de herhangi bir
tedavi  uygulanmayan  hastalardan  olugmasindan
kaynaklanmis olabilecegini dislindirmektedir. Tedavi alan
ve diren¢ gozlenen hastalarda yapilacak calismalar bu
konuda daha ayrintili  sonuglar elde edilmesini
saglayacaktir.
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ABSTRACT

Objective: Acute rheumatic fever (ARF) poses significant health
challenges in low- and middle- income countries, particularly due
to its potential to cause severe cardiac complications. This study
investigated the role of ischemia-modified albumin (IMA) as a
biomarker for inflammation in children diagnosed with ARF.
Methods: The study included 25 ARF patients and a control
group of 25 healthy children and was conducted between
January 2019 and May 2020 at a regional hospital. Clinical
assessments and echocardiographic evaluations were
performed, in addition to serum IMA level measurements at
diagnosis and post-treatment.

Results: The findings indicated that while acute phase reactants
such as C-reactive protein (CRP) and the erythrocyte
sedimentation rate (ESR) were elevated in the ARF patients, the
IMA levels were not significantly different from those in the
control group, both at diagnosis and post-treatment. Specifically,
the IMA levels were lower at diagnosis (0.62 + 0.73 ng/mL)
compared to post-treatment (1.18 * 0.94 ng/mL), with no
consistent correlation with the CRP, although a negative
correlation with the ESR was observed.

Conclusion: These findings suggest that IMA may not be a
reliable biomarker for diagnosing and monitoring ARF in children,
challenging previous claims about its utility in this patient group.
Further research is necessary to explore the effects of other
factors on IMA levels in this population.

Keywords: Acute rheumatic fever, ischemia-modified albumin,
enzyme-linked immunosorbent assay

oz

Amag: Akut romatizmal ates (ARA), gelismekte olan Ulkelerde sik
gorilen ve ciddi kardiyak komplikasyonlara yol agabilen 6nemli bir
saglk problemidir . Bu gcalismada, ARA tanisi alan ¢ocuklarda
inflamasyon belirteci olarak iskemi modifiye albiiminin (IMA) roli
arastinlmigtir.

Yontem: Calismaya 25 ARA hastasi ve 25 saglikli gocuktan olusan
kontrol grubu dahil edilmistir. Ocak 2019 ile Mayis 2020 tarihleri
arasinda  bolgesel bir hastanede yurutilmastir.  Klinik
degerlendirmeler, ekokardiyografik incelemeler yapilmig; tani
aninda ve tedavi sonrasi serum IMA dizeyleri 6lgtilmustar.
Bulgular: Bulgular, ARA hastalarinda C-reaktif protein (CRP) ve
eritrosit sedimantasyon hizi (ESR) gibi akut faz reaktanlarinin
yuksek oldugunu gostermistir. Ancak, IMA duzeyleri hem tani
aninda hem de tedavi sonrasinda kontrol grubu ile anlaml farklilk
gostermemistir. Tani anindaki IMA diizeyleri (0.62 + 0.73 ng/mL),
tedavi sonrasina gore (1.18 + 0.94 ng/mL) daha dustk olmakla
birlikte CRP ile anlamli bir korelasyon gostermemistir; ancak ESR ile
negatif korelasyon izlenmistir.

Sonug: Elde edilen bulgular, IMA’nin ¢ocukluk ¢agi ARA tani ve
izleminde glivenilir bir biyobelirte¢ olmayabilecegini gostermekte;
bu parametrenin bu hasta grubundaki kullanimina iliskin 6nceki
bulgulari sorgulatmaktadir. IMA dulzeylerini etkileyebilecek diger
faktorlerin ortaya konmasi igin ileri calismalara ihtiyag vardir.

Anahtar Kelimeler: Akut romatizmal ates, iskemi modifiye alblimin,
enzim baglantill immiinosorbent test
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Introduction

Acute rheumatic fever (ARF) is one of the most prevalent
and serious cardiac diseases in developing countries. It is
characterized by damage to the heart, joints, brain, and
skin, and results due to an autoimmune response in
susceptible individuals following group A streptococcal
(GAS) pharyngitis. Cardiac involvement, primarily
manifesting as pancarditis, predominantly presents with
valvulitis. The prognosis for ARF depends on the
occurrence of recurrence and the severity of cardiac
involvement. Chronic rheumatic heart disease is a
potential consequence of cardiac involvement, and
accounts for 25%—-45% of cardiovascular diseases in
adults and remains a leading cause of heart failure in
developing countries *.

Detecting inflammation markers is important for early
diagnosis, preventing missed cases, and distinguishing
true GAS pharyngitis from carriers in high-risk
populations. Consequently, biomarkers indicative of
inflammation may facilitate early diagnosis and
potentially improve long-term clinical outcomes.

The role of albumin in the human body has been well
established for decades. However, it was later discovered
that albumin undergoes conformational changes under
various conditions such as hypoxia, acidosis, ischemia,
and oxidative stress 2 Ischemia-modified albumin (IMA)
is a variant of albumin produced due to the degradation
of its N-terminal region caused by tissue ischemia,
hypoxia, or oxidative stress, leading to a diminished
metal-binding capacity. Elevated circulating levels of IMA
have been identified in ischemia, hypoxia, acidosis, and
oxidative stress 3. Despite some research conducted on
IMA in ARF %%, its application in routine diagnosis and
disease monitoring remains unclear. Hence, the aim of
this study was to assess the potential role of IMA as an
inflammation biomarker in children with ARF.

Methods

The study was conducted at Ministry of Health Van
Regional Education and Research Hospital between
January 2019 and May 2020. Patients and their parents
were informed about the study and the additional blood
sample collection. The local ethics committee approved
the study, and informed consent was obtained from all
the participants.

Children diagnosed with ARF in the pediatric cardiology
department of our institution were included in the ARF
group, while healthy children who presented to the
pediatric cardiology department with symptoms like
murmur, palpitation, and non-specific chest pain
constituted the control group. Children with known
congenital or acquired cardiac disease, any chronic
diseases, and morbidity, and those receiving specific
medication were excluded from the study.

Demographic information and a detailed history were
obtained from all the participants. Following a thorough
physical examination, each participant underwent
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electrocardiography and  echocardiography. An
erythrocyte sedimentation rate (ESR) above 30 mm/h
and a CRP level exceeding 3 mg/dL were considered as
elevated ®. Anti-streptolysin O (ASO) levels were deemed
high if they exceeded the age-specific upper limit, and
serum albumin values below 35 g/L were categorized low
7-9

Two experienced pediatric cardiologists performed a
detailed echocardiographic evaluation using a Vivid 7 Pro
echocardiography device (GE Vingmed Ultrasound AS,
Horten, Norway) with a 3—6 M Hz transducer. Doppler
and morphological findings were used in the diagnosis of
rheumatic valvulitis in accordance with the 2015 Revised
Jones Criteria ®.

Carditis was described as mild in the presence of trivial-
to-mild valvar disease; moderate when there were valve
lesions without signs or symptoms of heart failure and
normal left ventricular function; and severe when there
was severe valvar disease or moderate-to-severe valvar
lesion with signs of heart failure °. Patients with mild
carditis were treated with naproxen sodium, while those
with  moderate-to-severe carditis received oral
prednisolone 11,

In addition to routine laboratory tests used for
diagnosing and managing ARF, extra blood samples for
IMA analysis were collected from all the ARF group
participants at the time of diagnosis and post-treatment.
Blood samples for IMA analysis were also collected from
the control group. To ensure unbiased analysis, a nurse
assigned a code to each blood sample, and neither the
pediatric cardiologists nor the biochemists were aware of
whether the sample belonged to the study or control
group.

Venous blood samples for the IMA analysis were
centrifuged for 15 min at 1000 x g at 2—8 °C after clotting
at room temperature for 2 h. The serum was collected
and stored at -80 °C until the day that it would be
assayed. The concentration of serum IMA was analyzed
via micro enzyme-linked immunosorbent assay (ELISA)
using commercial kits (Wuhan Elabscience Biotechnology
Co. Ltd., Wuhan, Hubei, China; Lot No. CROXD8EW17 and
MFALTGELGA, respectively) and in accordance with the
manufacturer’s instructions.

Statistical Analyses

Statistical analyses were performed using IBM SPSS
Statistics for Windows 20.0 (IBM Corp., Armonk, NY,
USA). The mean + standard deviation (SD) and frequency
were used to express the descriptive statistics. The
Independent Sample’s t test was used for comparison of
the groups. The Paired Sample’s T test was used to
compare the pre- and post-treatment findings in the
patient group. One-way analysis of variance was used for
comparison of the subgroups. Pearson’s correlation
analysis was used for the correlation analysis. The
confidence interval was given as 95% and statistical
significance was set at p < 0.05.
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Results

The study included 50 participants, comprising 25
children diagnosed with ARF in the ARF group, and a
control group of 25 healthy children. The mean ages of
the ARF and control groups were 9.8 2.3 and 10.6 £ 2.6
years, respectively (p =0.167). In the ARF group, 11 (44%)
patients were female compared to 14 (56%) in the
control group, with no significant difference in the sex
distribution between the groups (p = 0.572).

The clinical and laboratory findings of the ARF group
based on the diagnostic criteria are summarized in Table
1. None of the patients had Sydenham chorea,
subcutaneous nodules, or erythema nodosum.

Table 1. Findings of the ARF group based on the
diagnostic criteria

n (%)

Carditis 21 (84%)

Mild 12 (48%)

Moderate 7 (28%)

Severe 2 (8%)
Arthritis 20 (80%)
Fever 18 (72%)
Elevated ESR and/or CRP 25 (100%)
Elevated ASO titers 17 (68%)
Positive . throat culture for group A fB- 11 (44%)
hemolytic streptococcus

s 9 (36%)

Low albumin level
First degree AV block 14 (56%)

ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, ASO: anti-
streptolysin O

The mean ESR and CRP levels in the ARF group were
significantly higher at the time of diagnosis compared to
the post-treatment level (p = 0.000). In the ARF group,
the albumin concentration was 36.5 + 3.2 g/L, compared
to 43 + 1.99 g/dL in the control group. There was a
statistically significant difference in albumin levels
between the ARF and control groups (p < 0.001).

The mean IMA level in the ARF group at the time of
diagnosis (0.62 £ 0.73 ng/mL) was significantly lower than
the mean post-treatment level (1.18 + 0.94 ng/mL) (p =
0.010). When compared with the control group, the
mean IMA levels of both groups were similar at the time
of diagnosis and post-treatment.

Additionally, the IMA level was found to be negatively
correlated with the ESR at the time of diagnosis (p =
0.014, correlation coefficient = -0.487), whereas no
correlation was observed between the IMA and CRP
levels.
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Table 2. Comparison of the mean serum IMA levels of the
ARF and control groups

ARF Group Control b
(n=25) Group value
(n =25)
IMA
Pre-treatment (mean+SD) 0.62+0.73 1.15+1.21 0.063

Post-treatment (mean £+ SD) 1.18+0.94 1.15+1.21 0.930

P-value 0.010 -

T test, IMA is expressed as ng/mL
Discussion

This study examined the role of IMA as an inflammatory
marker in the diagnosis and monitoring of ARF. According
to the findings, while acute phase reactants such as CRP
and ESR are typically elevated, IMA levels may not be
significantly increased in children with ARF. This suggests
that IMA may not serve as a reliable biomarker for
diagnosing or monitoring ARF in the pediatric population.
The initial manifestation of ARF typically occurs between
the ages of 5 and 14 years, and the current investigation
included patients within this age group *2. The findings
herein align with previous research on this population.
ARF occurs with similar prevalence in both males and
females 2. In the present analysis, while there was a
slightly higher prevalence among the males, the
difference between the sexes was not statistically
significant. Consistent with prior findings, the prevalence
of carditis, fever, and arthritis/polyarthralgia was 100%,
72%, and 80%, respectively 513,

IMA is a biomarker that has been extensively studied in
cardiovascular diseases, particularly in ischemic heart
diseases *'°  Ischemic conditions may lead to the
generation of free radicals, and the release of free metal
ions and acidosis. These free radicals result in albumin
with  reduced metal-binding capacity. Beyond
cardiovascular disease, IMA has also been investigated in
chronic non-cardiac diseases that may lead to increased
oxidative stress or chronic inflammation *°.

Some studies have shown a positive correlation between
IMA and acute phase reactants >*. The IMA values
reported in these studies on ARF are given in Table 3.
Other research has found significantly higher IMA levels
in patients with ARF compared to the control groups. In
the current study, in contrast, it was found to be lower
compared to the control group. Nevertheless, upon
looking at the values, there was no substantial difference
in the IMA levels compared to previous studies.

In the present study, the IMA levels were measured using
ELISA. Unlike the technique for measuring cobalt-binding
capacity in the albumin cobalt binding (ACB) test, the
results were obtained using specific antibody in ELISA.
Caliskan et al. reported that the measurement of IMA
levels using ELISA was not a reliable method for
diagnosing mesenteric ischemia 2. In the study of
Sbarouni, which evaluated IMA levels using the ACB test,
no statistically significant increase was found in patients
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with dilated cardiomyopathy compared to the healthy
group *°. Roy et al. reported that IMA levels decreased
after an exercise test in patients with peripheral vascular
disease . It has been suggested that this decline may be
due to the interference of metabolites released from
skeletal muscle during exercise with IMA measurement.
Furthermore, molecules and complexes generated due
to a compromised immune response in ARF may affect
the result of IMA levels, potentially impacting its
reliability as a biomarker in this condition.

Table 3. Comparison of the IMA values of children with
ARF in different studies

IMA Values
0.42 £ 0.05 ABSU
0.55(0.44 - 1.13) ABSU
0.54 +£0.12 ABSU
0.62 +£0.73 ng/mL

Dawn et al (A7)
Toker et al 4)*
Karatas et al ()"

The current study
"ACB test, ABSU- absorbance units,

Toker et al. found that IMA levels were elevated during
the acute phase before therapy and subsequently
diminished following treatment. Conversely, according to
the findings of the current study, the level of IMA, which
was reduced pre-treatment, increased post-treatment. It
may be speculated that this may have resulted from the
confounding influence of the administered medications.
There is a need for further research on how medications
influence IMA levels, as no studies have been conducted
on this topic to date.

Moreover, the albumin concentration serves as the
primary predictor of IMA levels 22, Variations in albumin
concentrations may explain the differences in IMA levels
observed across studies. Additionally, extremely high or
low albumin levels could have led to falsely low IMA
readings 2. Supporting this, the study of Gaze et al.
demonstrated a negative correlation between IMA levels
and albumin levels below 34 g/L 22

The current study had several limitations that should be
considered. First, it was conducted at a single center.
Furthermore, there was a relatively small sample size,
which may have affected the generalizability of the
findings. However, despite this limitation, this is the only
study to have reported lower IMA levels in ARF, as
previous studies have demonstrated elevated levels. This
emphasizes the necessity for further studies with larger
cohorts to better understand this variation and its
therapeutic implications. Moreover, serial
measurements of IMA rather than measurements at the
time of diagnosis and post-treatment would yield more
reliable data. Additionally, it is necessary to acknowledge
that IMA levels may produce different findings based on
the measuring technique employed, such as ELISA or the
ACB test, which may possibly account for the differences
reported among the research. Therefore, more research
that directly compares these two methods is required in
order to assess their reliability.
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In conclusion, this study aimed to investigate the role of
IMA in pediatric patients with ARF. The findings suggest
a negative correlation between the IMA level and ARF.
However, to better assess the reliability of IMA in the
diagnosis and monitoring of ARF and elucidate the
mechanisms influencing IMA levels, additional
multicenter studies with larger sample sizes and different
techniques are needed.
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ABSTRACT

Objective: Cryptogenic epilepsy is a subtype of epilepsy marked
by the absence of identifiable structural or metabolic causes,
making both diagnosis and treatment particularly challenging.
Molecular approaches, such as gene expression profiling, may
offer insights into underlying mechanisms and help refine clinical
strategies. This study aimed to evaluate the peripheral blood
expression profiles of IFIT3 and KCNS3 genes in individuals
diagnosed with cryptogenic epilepsy.

Methods:Peripheral blood samples were obtained from 20
patients with cryptogenic epilepsy and 20 age- and sex-matched
healthy individuals. Total RNA was extracted and subsequently
reverse-transcribed into complementary DNA  (cDNA).
Quantitative real-time PCR (RT-qPCR) was utilized to determine
the relative expression levels of IFIT3 and KCNS3, with ACTB
serving as the internal control gene.

Results: Analysis revealed a significant upregulation of KCNS3
expression in the patient group compared to healthy controls (p
< 0.0001). In contrast, no statistically significant difference was
observed in IFIT3 expression between the two groups

Conclusion: The elevated expression of KCNS3, which encodes a
voltage-gated potassium channel subunit, suggests a potential
involvement of ion channel dysregulation in cryptogenic epilepsy
pathophysiology. The lack of significant change in IFIT3, an
interferon-stimulated gene, may imply that immune-related
pathways are less central in this context, reinforcing the
hypothesis that channelopathy plays a key role in this patient
population.

Keywords:  Cryptogenic  epilepsy,
expression, protein interaction

channelopathy, gene
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Amag: Kriptojenik epilepsi, yapisal veya metabolik olarak
tanimlanabilir bir nedenin bulunmadigi epilepsi alt tirlerinden
biridir ve bu durum hem tani hem de tedavi sirecini
zorlastirmaktadir. Gen ekspresyonu gibi molekiiler yaklasimlar,
hastaligin altinda yatan mekanizmalari aydinlatma ve klinik
stratejileri  gelistirme potansiyeli tasimaktadir. Bu g¢alismada,
kriptojenik epilepsi tanisi almis bireylerin periferik kan 6rneklerinde
IFIT3 ve KCNS3 genlerinin ekspresyon diizeyleri incelenmistir.
Yontem: Calismaya kriptojenik epilepsili 20 hasta ve yas ve cinsiyet
acisindan eslestirilmis 20 saghkli birey dahil edilmistir. Katihmcilarin
periferik kan érneklerinden toplam RNA izole edilerek tamamlayici
DNA (cDNA) sentezlenmistir. IFIT3 ve KCNS3 genlerinin goreli
ekspresyon diizeylerini belirlemek amaciyla Gergek Zamanl
Kantitatif PCR (RT-qPCR) uygulanmistir. ACTB geni ise referans
(housekeeping) gen olarak kullanilmistir.

Bulgular: KCNS3 geninin ekspresyon dizeyinin hasta grubunda
saglikl  kontrollere kiyasla anlamh dizeyde yiksek oldugu
bulunmustur (p < 0.0001). IFIT3 gen ekspresyonu agisindan ise
gruplar arasinda istatistiksel olarak anlamli bir fark gézlenmemistir.

Sonug: Potasyum kanali alt birimini kodlayan KCNS3 geninin artmig
ekspresyonu, kriptojenik epilepside iyon kanali bozukluklarinin
(kanalopatilerin) patofizyolojide rol oynayabilecegini
dustndtrmektedir. IFIT3 geninde anlaml bir degisiklik olmamasi
ise bagisiklikla iligkili yollarin bu hasta grubunda daha az etkili
olabilecegini ve kanalopati hipotezinin daha 6n planda oldugunu
desteklemektedir.

Anahtar Kelimeler: Kriptojenik
ekspresyonu, protein etkilegimi

epilepsi, kanalopati, gen
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Introduction

Epilepsy is a chronic neurological disease with
heterogeneous presentations, the most common of
which are recurrent seizures. Even with improved health
care and reduced mortality, it remains a significant
burden, affecting millions of people of all ages®. Diagnosis
of epilepsy consists of evaluating the patient's medical
history, including a report from an eyewitness,
electroencephalography (EEG), neuroimaging studies,
and laboratory tests. The lack of a distinct element
suggesting the disease and the broad spectrum of
manifestations both create a more challenging process?.
Identifying the underlying cause of epilepsy is crucial in
clinical settings, as it significantly impacts treatment,
prognosis, and the disease’s progression®. The
International League Against Epilepsy (ILAE) has
categorized epilepsies into six etiological groups: 1)
genetic, 2) structural, 3) infectious, 4) metabolic, 5)
immune, and 6) unknown causes®. Cryptogenic epilepsy
is typically classified under the group of unknown
etiologies in the most recent ILAE system. However, in
earlier classifications, it referred to cases where there
were no signs of previous brain injury or clear etiology®.
While presumed to be symptomatic, the actual cause
remains elusive. Cryptogenic epilepsy accounts for
approximately 40% of adult-onset epilepsy cases, making
it a significant contributor®.

A deeper understanding of the disease's underlying
mechanisms is crucial for improving diagnosis and
management. Recent research has explored various
contributing factors such as neurodegeneration,
inflammation, brain trauma, and channelopathies’.
Genetic studies on patients with epilepsy can enhance
clinical decision-making by facilitating more accurate
diagnoses, identifying risk factors, and informing
prognoses. These studies can also offer valuable insights
into the biological mechanisms of epilepsy?®.

The aim of this study was to establish whether
cryptogenic epilepsy patients have a difference in terms
of genetic expression profiles in comparison to healthy
individuals. Through this approach, we targeted for a
better understanding of the underlying causes of the
disease and a better sight into the mechanisms leading to
the disease. In our study, we investigated genes involved
in pathways (channelopathy and inflammation) that play
significant roles in the molecular pathogenesis of
epilepsy, particularly cryptogenic epilepsy®°. To explore
the potential etiology of channelopathy, we studied the
KCNS3 gene, which encodes a subunit of the Potassium
Voltage-Gated Channel Modifier Subfamily S Member 3.
Potassium channels play a critical role in regulating
neuronal excitability, and their dysfunction has been
associated with various forms of epilepsy, including
cryptogenic epilepsy . As for the inflammation pathway,
we studied the /FIT3 gene, encoding Interferon-Induced
Protein with Tetratricopeptide Repeats 3. Protein
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interactions of /FIT3 and KCNS3 gene products obtained
from the STRING database are demonstrated in Figure 1.

Figure 1. Protein interactions of A. KCNS3, B. IFIT3 obtained
from STRING database (v12.0)

Methods

Patient Recruitment

The study consists of epilepsy patients without obvious
etiology, who are long-term patients of Bezmialem Vakif
University, Faculty of Medicine, Neurology Department
outpatient clinics, and healthy controls. The patients
were screened in terms of; age, gender, time of onset of
seizures, types of seizures, patient history, neurological
examination, family history, 1.5 Tesla cranial MRI
(Siemens Avanto, Erlangen, Germany), EEG findings, and
the number of antiepileptics used. Patients over the age
of eighteen, who were followed up by a clinician for at
least a year, with no defined underlying cause for
epilepsy, were included in the study. Pediatric patients
(<18 years), patients with a known underlying factor
leading to epilepsy (tumor, stroke, etc.), and patients
with another systemic or neurological disease (diabetes,
hypertension, neurodegenerative diseases, etc.) were
excluded. The control group consisted of 20 healthy
volunteers (11 males and 9 females) without any known
neurological or systemic disorders. They were selected to
be age- and sex-matched to the patient group to
minimize demographic bias. Participants were informed
about the study, and those who had given verbal and
written consent were included in the study. According to
power analysis, the optimal numbers of participants for
patients (n1) and healthy controls (n2) were calculated as
n1=n2=20 with a total of n=40, to obtain odds ratios of 1
and 2.16, with a power of 80%, a significance level of 0.05
and a 95% confidence interval.

RNA Isolation
Conversion

From patients and controls who agreed to participate in
the study, ten milliliters of peripheral blood samples
were drawn into EDTA tubes. The collected samples were
then transported to the laboratory on ice and were
studied immediately. Total RNAs from the blood samples
were isolated using the QlAamp RNA Blood Mini Kit
(QIAGEN, Helden, Germany) according to the
manufacturer’s protocol. The quantitative assessment of

& Complementary DNA (cDNA)
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RNA purity was carried out using the Multiskan GO
(Thermo Fisher Scientific, Boston, MA, USA) device. The
RNA samples achieving an A260/A280 absorbance ratio
between 1.9-2.1 were confirmed and stored at -80 °C
until the next step. RNA samples were reverse
transcribed to complementary DNA (cDNA), using the
SensiFAST™ cDNA Synthesis Kit (Meridian Bioscience
Inc., Cincinnati, OH, USA). cDNA samples were stored at -
20 °C until further processing.

Quantitative Real-Time Polymerase Chain Reaction
(qRT- PCR)

For the evaluation of messenger RNA (mRNA)
expressions, the ACTB gene was designated as the
housekeeping gene by the GeNorm program. Primers
for ACTB, KCNS3 and IFIT3 genes were designed with the
Primer3  v4.1.0 program. Primers for the
ACTB (NM_001101.5) gene (Pf:
CATCCGCAAAGACCTGTACG,Pr:CCTGCTTGCTGATCCACAT
C), IFIT3 (NM_001549.6) gene
(Pf:CACTTGGGCAGACTCTCAGA,Pr:AAACACACCTTCGCCC
TTTC), and KCNS3 (NM_002252) gene
(Pf:AATCGCTACCAGGAACGCAA,Pr:CGATCTCCACTCCTTC
CAGC). Following the optimization of annealing
temperatures, RT- PCR was conducted for three genes
(ACTB, IFIT3, KCNS3) for both patient samples and
healthy controls. All samples were studied in duplicates.
The SensiFAST™ SYBR No-ROX Kit P (Meridian Bioscience
Inc., Cincinnati, OH, USA) was used and the experiments
were conducted according to the manufacturer’s
instructors.

Statistical Analysis

All statistical analysis was performed using the Ct data
retained from the gRT-PCR. The changes in expression
levels were calculated using the delta-delta Ct method.
Normalized expression levels (2*%) were compared
between the patient and control groups using
appropriate statistical tests. Fold-change analysis using
the 2722¢t method was not applied in this study?. The
data distribution was tested for normality with the
Shapiro-Wilk test. Subsequently, a two-tailed Mann-
Whitney U test was performed on independent samples
to compare the expression levels between the patient
and healthy control groups, using GraphPad Prism 8.0
(GraphPad Software, Inc., CA, USA). Results with a p-
value of < 0.05 were considered statistically significant.
Receiver operating characteristic (ROC) curves were
demonstrated and area under the curve (AUC) values
were calculated in order to evaluate the diagnostic
potential of target genes.

Results

Clinical Assessments

The study consisted of 20 cryptogenic epilepsy patients
and 20 healthy patients, who were matched to the sex
distribution of patients (p <0.05). The patients who
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participated were between the ages of 19 to 62, with a
mean of 29.2 £10.14. Eleven were male and nine were
female. Time of onset of seizures ranged from 2 to 40
years, with a mean of 18.25 +10.45. Eighteen patients
were suffering from focal seizures and two patients had
focal seizures with secondary generalization. There were
no findings in any of the patients’ personal medical
history, including their birth history or
neurodevelopmental history. Two patients had
consanguineous parents, but none of them had a family
history of epilepsy, including those two patients. None of
the patients had any findings on their 1.5 Tesla Cranial
MRI (data not shown). Fourteen patients were using only
one medication to control the seizure. The EEG
recordings were normal in eleven of the patients. The
recordings demonstrated unilateral temporal
epileptiform abnormalities in five patients (Figure 2A),
unilateral frontotemporal epileptiform abnormalities in
two patients, unilateral frontal epileptiform abnormality
in one patient and multifocal abnormalities (bilateral
temporal and frontal abnormalities) in one patient
(Figure 2B). Clinical characteristics of cryptogenic
epilepsy patients included in the study are shown in Table
1.

Figure 2. Demonstrated EEG findings in patients A. left temporal
epileptiform anomaly, B. bilateral temporal and right frontal
(multifocal) epileptiform anomaly

mRNA Expression Levels

The mean values of the cycle threshold (Ct) data obtained
by the QgRT-PCR study are presented in Table 2.
Accordingly, the mRNA expression levels of the KCNS3
gene were statistically higher in the patient group
(p<0.0001) (Figure 3). However, levels of the IFIT3 mRNA
expression didn’t show a statistical difference (Figure 4).
The AUC value of KCNS3 gene expression was determined
as 0.9569 at the 95% confidence level by a ROC curve
analysis (p<0.0001, Figure 5).

Table 2. The average expression levels of KCNS3 and IFIT3 genes

KCNS3 Ct ACTB Ct ACt 2-act
Patients 34.25 21.68 12.57 0.00016
Controls 34.6 20.45 14.15 0.00005
IFIT3 Ct ACTB Ct ACt 2-4ct
Patients 32.85 21.68 11.17 0.00062
Controls 31.63 20.45 11.18 0.00058

ACt values were calculated using ACTB as the reference
gene. KCNS3 expression was higher in patients, whereas
IFIT3 levels were comparable between groups.
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Table 1. Patient Characteristics

Characteristic Value

Age

Range 19-62 years
Mean (SD) 29.2 (10.14)
Sex (n of patients)

Male 11

Female 9

Time of onset of seizures (average+ SD)

Range 2-40 years
Mean (SD) 18.25 (10.45)

Types of seizures (n of patients)

Focal Seizures

Tonic-Clonic Seizures

Unclassified

Patient history

Medical history

Birth history

Neurodevelopmental history

Family history

History of epilepsy

Consanguineous parents

Number of antiepileptics used (n of patients)
One medication

Multiple medications

Cranial MRI findings (1.5 Tesla)

EEG findings (n of patients)

Normal EEG

Unilateral temporal epileptic abnormalities
Unilateral frontotemporal epileptic abnormalities
Unilateral frontal epileptic abnormalities
Multifocal epileptic abnormalities

15
2
3

No findings
No findings
No findings

No findings
2

14
6
No findings

11
5
2
1

1 (bilateral temporal + unilateral frontal findings)
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Figure 5. ROC curve analysis results reveal the diagnostic performance

of KCNS3 gene

Discussion

Epilepsy is the second most prevalent neurological
disorder, following stroke?3. It is estimated that around
0.8% of the population experiences some form of
epilepsy. In approximately 30% of cases, epilepsy is linked
to a specific brain injury that has caused the condition,
known as symptomatic epilepsy!®. Another 30% of
patients are considered to have presumed symptomatic
epilepsy, termed 'cryptogenic epilepsy,’ where it is
suspected that an underlying brain pathology exists but
has not yet been detected with current methods?®.

Epileptogenesis refers to the sequence of molecular and
cellular alterations triggered by an initial brain injury,
eventually leading to spontaneous seizures. These
changes include neurodegeneration, neurogenesis (the
creation of new neurons), axonal growth and damage,
dendritic restructuring, gliosis, the infiltration of
inflammatory cells, angiogenesis (new blood vessel
formation), modifications to the extracellular matrix, and
the development of acquired channelopathies!®'’.
Various ion channels play a role in the regulation of
current flow. For example, voltage-gated ion channels
undergo conformational shifts, alternating between
open and closed states. These shifts are driven by
changes in membrane electrical potentials, controlling
the selective ion movement across membranes.
Therefore, it is evident that dysfunction in these ion
channels can result in brain hyperexcitability®1°,
Mutations in genes such as SCN1A, SCN2A, SCN8A (which
encode voltage-gated sodium channels), and CACNAIA
(which encodes a voltage-gated calcium channel) are
associated with various forms of epilepsy. For example,
loss-of-function mutations in SCNIA can lead to
hyperexcitability in conditions like Dravet syndrome,
while pathogenic variants in CACNA1A have been linked
to childhood absence epilepsy. These genetic alterations
highlight the role of channelopathies in the pathogenesis
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of epilepsy?®?!, Voltage gated potassium channels (Kv)
are activated by membrane depolarization, allowing
potassium to exit the cell, which helps return the
membrane to its resting state?2. These channels, found in
axons, play a crucial role in delaying axonal action
potentials?®. The KCNT1 gene encodes the KCa4.1
subunit, a sodium-activated potassium channel,
associated with up to 50% of cases of epilepsy of infancy
with migrating focal seizures (EIMFS)?*. De novo
pathogenic variants in the KCNQ2 gene are associated
with self-limited neonatal epilepsy (SeLNE) and may also
be inherited in an autosomal dominant manner, leading
to self-limited familial neonatal epilepsy (SeLFNE)?>.
Among these voltage-gated potassium channels, the
epilepsy-related gene we examined in this study is
KCNS3, which encodes the Potassium Voltage-Gated
Channel Modifier Subfamily S Member 3. KCNS3 operates
within the same network as the CACNA1 calcium channel
protein gene and the KCNB1 gene. While KCNS3 does not
form functional channels on its own, it can create
functional heterotetrameric channels by pairing with
KCNB1. This interaction modulates the activation and
deactivation rates of the delayed rectifier voltage-gated
potassium channel, KCNB12%6. Additionally, according to
KEGG pathway analysis, the gene is associated with the
serotonergic pathway via SLC6A4 and has been reported
in the literature to influence neuronal excitability
through serotonin signaling”. A wide range of
mechanisms have been studied to identify the causes of
epilepsy. Among the previously explored mechanisms,
our study aimed to further investigate potential genetic
disturbances in these patients, with a particular focus on
inflammation and ion channel disorders. Accordingly, our
study found that KCNS3 gene expression is elevated in
the cryptogenic epilepsy group compared to the control
group. This suggests that the altered expression of KCNS3
could influence neuronal excitability through the
regulation of potassium channel proteins and may play a
role in the pathogenesis of cryptogenic epilepsy by
impacting the integration of energy metabolism.
Additionally, the change in KCNS3 expression might
affect its interacting partners, KCNB1 and SLC6A4, which
are involved in potassium channel functionality and
serotonin signaling, respectively. Therefore, we propose
that the altered expression of KCNS3 may contribute to
epilepsy through these mechanisms.

To this end, we also examined the levels of the IFIT3 gene
in patients with cryptogenic epilepsy and in controls.
IFIT3, known as the interferon-inducible protein with
tetratricopeptide repeats 3, is a key member of both the
IFIT family and the interferon-stimulated genes family. It
shares typical features of the IFIT family in terms of gene
and protein structures and can be activated through the
classical PRRs-IFN-JAK/STAT pathway?®. According to the
literature, via the JAK-STAT signaling pathway, IFIT3 gene
expression is found to be elevated in viral infections?®. In
a previous study comparing the differential genetic
expression profiles of epilepsies with different origins,
IFIT3 expression levels were found to be higher in
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cryptogenic epilepsy patients compared to those with
symptomatic or idiopathic epilepsies®. However, in
terms of differentiating these patients from those of the
healthy population, despite the observed difference of
distribution between patients and healthy individuals, a
statistically significant distinction of IFIT3 expression
levels could not be identified.

Additionally, in our study investigating the contribution
of inflammation and channelopathy to the etiology of
epilepsy, we found that the levels of the KCNS3 gene are
elevated in patients with cryptogenic epilepsy. Various K-
channel Various potassium channel (K* channel) subunit
genes have been reported to be altered in epileptic
patients in the literature3l. However, to our knowledge,
no prior studies have examined the levels of the KCNS3
gene, which we identified as being higher in the
cryptogenic epilepsy group. We suggest that this gene
may play a role in the pathogenesis of the disease and
could serve as a potential biomarker for cryptogenic
epilepsy in future research. As known, ROC curve analysis
calculates the sensitivity and specificity of target
molecules and is a useful graphical tool for assessing the
diagnostic value of biomarkers®2. The current study
examined KCNS3 as a diagnostic biomarker by calculating
the AUC value using ROC curve analysis. Consequently,
KCNS3 may be a helpful diagnostic biomarker for
cryptogenic epilepsy.

Moreover, our findings suggest that potassium (K*)
related channelopathy may be a more plausible
underlying mechanism in these patients, rather than an
inflammatory process. A larger cohort study is needed to
better elucidate this result though.

Conclusion

In conclusion, our study highlights the potential role of
the KCNS3 gene in the pathogenesis of cryptogenic
epilepsy, suggesting that alterations in potassium
channel function, rather than inflammatory processes,
may contribute to the disease mechanism. The observed
elevation in KCNS3 gene expression in cryptogenic
epilepsy patients underscores its potential as a
biomarker, warranting further investigation in larger
cohorts. While the IFIT3 gene showed differential
expression patterns, its role in distinguishing cryptogenic
epilepsy from other forms of epilepsy and from healthy
individuals remains inconclusive. Future studies focusing
on the KCNS3 gene and its network, as well as additional
research into the genetic profiles of cryptogenic epilepsy
patients, will be essential to better understand the
underlying mechanisms and to develop targeted
therapeutic strategies.
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JUVENIL iDiYOPATIK ARTRITLi HASTALARDA HEPATIT ASILARINA KARSI
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IMMUNE RESPONSE TO HEPATITIS VACCINES IN JUVENILE IDIOPATHIC ARTHRITIS

PATIENTS
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Amag: Juvenil idiyopatik artrit (JiA), cocukluk caginin en sik
gorilen kronik artrit tiridar. On alti yagindan 6nce baslayan, alti
haftadan uzun siren ve diger nedenlerin dislandig artrit
vakalarinin tanisidir. Uzun sureli
immunomodulatér/immunsupresif tedavi alan bu hastalarda
enfeksiyonlara yatkinlik artar; bu nedenle, enfeksiyonlari
onlemeye yonelik koruyucu saglik hizmetleri, 6zellikle agilama,
JIA hastalarinin yénetiminde kritik 6nem tasir. Bu c¢alismanin
amaci, JIA tanili ocuk hastalarin tani aninda ve izlem siiresince
hepatit A ve hepatit B asilarina karsi gelistirdikleri bagisiklik
yanitlarini degerlendirmektir.

Yoéntem: Calisma, Agustos 2020-Haziran 2024 aylarinda Kocaeli
Universitesi Tip Fakiiltesi Cocuk Romatoloji Bilim Dal’'nda takip
edilen JIA hastalarini kapsamaktadir. Hastalarin demografik ve
klinik verileri, asi gegmisleri, hepatit A ve B serolojileri geriye
donuk olarak incelenmistir. Hepatit B yiizey antikoru (anti-HBs)
titresinin 10 1U/L ve uzerinde olmasi anlamh kabul edilmistir.
Eksik bagisikligi olanlara li¢ doz hepatit B virtisti (HBV) ve iki doz
hepatit A virtisti (HAV) asisi uygulanmistir.

Bulgular: Toplamda 190 (98 kiz, 92 erkek) hastanin hepatit
serolojisi incelendi. Hastalarin ortanca semptom baslama yasi
111 (6-217) ay, tani alma yasi 113 (6-218) ay ve degerlendirme
sirasindaki yaslari 150 (9-232) aydi. Hastalarin %50,5’inde anti-
HBs pozitifti ve HAV immiinoglobulin (Ig) G ise %51,1'inde
pozitifti. Anti-HBs negatif olan 94 hastanin %47,8’i yeniden
asilandi ve bu grubun %33,3’linde seropozitivite saglandi. Anti-
HAV 1gG negatif olan 93 hastanin 24’iine (%25,8) rapel asi
uygulandi ve 10’unda (%41,6) asilama sonrasi seropozitif yanit
saglandi.

Sonug: JIA hastalarinda seropozitivite orani normal popiilasyona
gore daha dusuk oldugu gézlemlenmistir. Bu bulgular, bu hasta
grubunda asilama stratejilerinin daha etkili hale getirilmesi
gerektigini ortaya koymaktadir.

Anahtar Kelimeler: Romatoloji, hepatit, asilama

\

ABSTRACT

Objective: Juvenile idiopathic arthritis (JIA) is the most prevalent
chronic arthritis in childhood, manifesting as arthritis that
commences before the age of 16, persists for more than six weeks,
and excludes other potential etiologies. Patients receiving long-
term immunomodulatory/immunosuppressive therapies exhibit
an augmented susceptibility to infections. Consequently,
preventive healthcare services, particularly vaccination, assume a
pivotal role in the management of JIA patients. The aim of this
study is to evaluate the immune responses to hepatitis A and
hepatitis B vaccines at the time of diagnosis and during follow-up
in children diagnosed with JIA.

Method: This study included patients with JIA, who were followed
between August 2020 and June 2024 at the Department of
Pediatric Rheumatology. Patients’ demographic and clinical data,
vaccination history, and hepatitis A and B serologies were
retrospectively reviewed. An anti- hepatitis B surface antibody
(anti-Hbs) titer of >10 IU/L was considered significant. Patients
with inadequate immunity were received three doses of the
hepatitis B virus (HBV) vaccine and two doses of hepatitis A virus
(HAV) vaccine.

Results: The hepatitis serology of a total of 190 patients (98 girls,
92 boys) was analyzed. The median age at symptom onset was 111
months (6-217), the median age at diagnosis was 113 months (6-
218), and the median age at the time of evaluation was 150 months
(9-232). The results indicated that 50.5% of the patients were
positive for anti-HBs, while 51.1% were positive for hepatitis A
virus immunoglobulin G antibody (anti-HAV IgG). Among the 94
patients who were negative for anti-HBs, 47.8% had received
vaccination, and 33.3% of this group subsequently became
seropositive. Of the 93 patients who were anti-HAV 1gG negative,
24 (25.8%) received a booster vaccine, and 10 of them (41.6%)
developed a seropositive response after vaccination.

Conclusion: It has been observed that the seropositivity rate is
lower in JIA patients compared to healthy population. These
findings suggest that vaccination strategies need to be
strengthened for this patient group.

Keywords: Rheumatology, hepatitis, vaccination
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Girig

Juvenil idiyopatik artrit (JIA), cocukluk caginda en sik
karsilagilan kronik artrit nedenidir. Tani, 16 yasindan
kiiclk bireylerde, en az alti hafta siiren artritin diger olasi
nedenler dislanarak  degerlendirilmesiyle  koyulur.
Uluslararasi  Romatoloji  Dernekleri  Birligi  (ILAR)
siniflamasina gore JiA, yedi alt gruba ayriimaktadir:
Sistemik, romatoid faktér (RF) pozitif poliartikiler, RF
negatif poliartikiler, oligoartikiler form, psoriyatik artrit,
entezit iliskili artrit ve siniflandirilamayan artrit.!
Turkiye’de yapilan bir calismada, JiA alt tiplerinin dagilimi
su sekilde bildirilmistir:  %14,5 sistemik, %40
oligoartikiler, %3,2 RF pozitif poliartikiiler, %20,3 RF
negatif poliartikiler, %18,9 entezit iliskili artrit ve %2,1
psoriatik artrit.2 Ayni calismada Gveit sikhgi %15,7 olarak
saptanmistir. JIA’'nin prevalansi diinya genelinde 100.000
cocukta 16 ile 150 arasinda degismektedir.?

JIA hastalarinin tedavisinde hastalik modifiye eden anti-
romatizmal ilaglar (DMARD), kortikosteroidler ve biyolojik
ajanlar (BA) gibi immunmodulatér/immunsupresif
dzelliklere sahip ilaglar kullanilabilmektedir.* Bu ilaglar
bagisikhk  sistemi  etkileyerek  JIA'I  hastalarin
enfeksiyonlara duyarhigini artirabilirler. Hepatit B virlisu
(HBV), hepatotropik bir viris olup, insanlarda akut ve
kronik hepatite neden olabilir. HBV'nin tim dlnya
nifusunun Ggte birini (2 milyar) enfekte ettigi
bilinmektedir. Bu vakalarin yaklasik 400 milyonunda
kronik enfeksiyon sonucunda hepatoselliler karsinom,
siroz ve karaciger yetmezligi gelismistir.”

Asi ve standart tedavi ile hepatit B enfeksiyonu insidansi
ve Olim orani, enfekte kisilerde ©nemli oranda
azalmistir.® Tiirkiye’de de ulusal asilama programi ile HBV
enfeksiyonu insidansi carpici bicimde azalmistir.”8
Cocukluk c¢aginda uygulanan asi programi sayesinde,
2009’dan bu yana %95 civarinda yiiksek asi kapsami
saglanmis ve bunun sonucu olarak 1990-2019 déneminde
HBV insidans yillik %1,81, Turkiye'de prevalans ise %2,52
yillik azalma gdstermistir.’ immiinomodiilatér tedavi
goren veya bagisiklik yanitini etkileyen bir hastaligi olan
bireylerin asiya verdikleri yanit, saglikli popilasyona
kiyasla genellikle daha diisiiktiir.'%*! Bu hastalarda, rapel
doz uygulamasina ragmen asiya karsi yeterli immun yanit
olusmayabilir.2 immiinomodiilatér tedaviye baslamadan
once, klinisyenlerin hastalarin asilanma durumunu
dikkatlice degerlendirmesi 6nemlidir.

Juvenil idiopatik artrit tanih hastalar, hastaligin seyri,
bozulmus bagisiklik yaniti, bagisikhik baskilayici tedaviler,
stk hastaneye yatislar ve gesitli invaziv terapétik ve teshis

prosedurleri (intravenoz tedaviler, periferik
kateterizasyon vb.) nedeniyle enfeksiyon  riski
altindadirlar.® Juvenil idiopatik artrit tanili hastalar,

saghkli yasitlarina gore enfeksiyonlara daha vyatkin
olduklarindan asilanmalari biyik 6nem tasir; ancak
hastaligin kendisi ve kullanilan ilaglar, hastalarin asi
yanitini ideal olmaktan uzaklastirabilir. Bu ¢alismanin
amaci, JIA tanisi almis hastalarda tani aninda ve izlem
strecinde uygulanan hepatit A ve hepatit B asilarina karsi
gelisen  bagisiklik  yanitlarini  retrospektif  olarak
degerlendirmektir.
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Yontem

Calismaya Agustos 2020-Haziran 2024 tarihleri arasinda
Kocaeli Universitesi Cocuk Romatoloji Bilim Dal’'nda takip
edilen JIA tanili hastalar dahil edildi. JIA tamisi ILAR
kriterlerine gore belirlendi.! Tani aninda, Saghk Bakanhg
tarafindan belirlenen ulusal asilama programina (primer
asilama) uygun olarak ilk asilarini tamamlamamis olan
hastalar ¢alisma disi birakildi.

Hasta verileri elektronik dosyalardan geriye doniik olarak
tarandi. Hastalarin demografik verileri ve klinik bulgulari,
asl ge¢misleri ve laboratuvar bulgulari degerlendirildi.
Hastalarin tani aninda, hepatit B ylizey antikoru (anti-HBs)
durumu ve ftitresi, hepatit B ylzey antijeni (HbsAg)
dizeyleri, ayrica anti-hepatit A viris (HAV)
imminoglobulin (Ig) M ve anti- HAV IgG dizeyleri
kaydedildi. Anti-HBs titresi > 10 IU/L olan hastalarin
yeterli bagisikliga sahip olduklari kabul edildi. Klinik
rutinde Anti-HBs titresi <10 IU/L olan hastalara ¢ ek doz
HBV asisi uygulanmaktadir ve bu kosulu saglayan
hastalarin verileri de ek olarak kaydedildi. Anti-HAV 1gG
titresinin sinyal-kesim (S/CO) degeri > 1.0 olan hastalar
pozitif olarak kabul edildi. Ayni sekilde klinik pratikte Anti-
HAV IgG titresi negatif olan hastalara da iki ek doz HAV
asisi uygulanmaktadir, bu kosulu saglayan hastalarin
verileri de not edildi. Romatoid faktér (RF) igin cut-off
degeri <14 IU/ml olarak kabul edildi.

Calismaya baslamadan 6nce etik kurul onayi alindi (Onay
numarasl ve tarihi:2022/279-17.10.2022).

istatistiksel Yontem

SPSS yaziimi kullanilarak veri tabani olusturuldu.
Degiskenlerin  normal dagihma uygunlugu gorsel
(histogram ve olasilik grafikleri) ve analitik yontemlerle
(Kolmogorov- Smirnov/Shapiro-Wilks) incelendi.
Tanimlayici analizlerde, normal dagilima uymayan sayisal
degiskenler icin ortanca (minimum-maksimum) deger
kullanildi.

Bulgular

Calismada, 336 hasta dosyasi geriye donik olarak
incelendi ve 190 hastanin hepatit serolojisi sonuglarina
ulasildi. Analiz, bu 190 hasta Uzerinden vyapildi. Bu
hastalarin  98'i (%51,6) kiz, 92’si (%48,4) erkekti.
Hastalarin ortanca semptom baslama yaslari, tani yaslari
ve su anki yaslari sirasiyla 111 (6-217), 113 (6-218) ve 150
(9-232) aydu.

ILAR siniflanmasina gore; hastalarin  82’si  (%43,2)
oligoartikiiler JIA, 64’0 (%33,7) entezit iliskili artrit, 20’si
(%10,5) RF negatif poliartikiiler JIA, 11'i (%5,8) psoriatik
artrit, 8'i (%4,2) sistemik JIA, 2’si (%1,1) RF pozitif
poliartikiiler JIA olarak siniflamaktaydi, kalan 3 (%1,5)
hasta ise siniflanamayan JIA grubuna dahil edildi.
Hastalarin 154’UG (%81,1) DMARD, 89’u (%46,8) BA ile
tedavi edilmekteydi.

Hastalarin hepatit serolojileri incelendiginde, 96 hastada
(%50,5) Anti-HBs pozitif olarak bulundu. Hastalarin
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sadece birinde HBsAg pozitifti ve bu hastaya kronik
hepatit B enfeksiyonu tanisi koyularak antiviral tedaviye
baslandi. Doksan yedi (%51,1) hastada Anti-HAV IgG,
pozitifti (Sekil 1). Elli yedi hastada ise hem anti-HBs hem
de anti-HAV IgG pozitifti. Anti-HBs negatif olan 94
hastanin 45’'i (%47,8) yeniden asilandi. Rapel asi olan
hastalarin 36’si DMARD, 24’0 BA ile tedavi edilmekteydi.
Asilanan 45 hastadan 15'inde (%33,3) kontrolde Anti-HBs
titresi 10'un Gzerinde saptandi. Anti-HAV IgG negatif olan
93 hastadan 24’0 (%25,8) yeniden asilandi ve bu
hastalarin 10’'unda (%41,6) kontrolde Anti-HAV IgG
pozitif bulundu (Sekil 2).

Hastalarin  164'Uniin 63’Unde (%33,2) ANA pozitif
bulundu. Ayrica, RF diizeyi 6l¢lilen 156 hastanin 8'inde
(%4,2) hastada RF pozitif olarak saptandi. ANA pozitif
olan 31 hastanin anti-HBs degeri pozitifken, 35'inde ise
anti-HAV 1gG pozitifti. ANA negatif olan grup ile
aralarinda anlaml bir fark bulunmadi (sirasiyla, p=0.816
ve p=0.129). RF pozitif hastalarin besinde Anti-HBs degeri
pozitifken doérdinde anti-HAV IgG pozitifti. RF negatif
olan grup ile aralarinda anlamli bir fark bulunmadi
(sirasiyla, p=0.583 ve p=0.778).

Anti-HBs titrelerinin ortancasi 11 (0-1000) IU/L iken, yas
gruplarina gore degiskenlik gostermekteydi. Anti-HBs
titrelerinin ortanca degeri bes yas altindaki hastalarda
36,3 (0,5- 1000) I1U/L, 5-10 yas arasi hastalarda 12,4 (0-
1000) IU/L ve 10 yas lzeri hastalarda 18,2 (0- 1000) IU/L
idi (p<0,001).

98 97
96
96
94 93
92

90

Anti Hbs Anti HAV IgG

M Pozitif Negatif

Sekil 1. Hastalarin tani anindaki asi yanitlari.

100 94 93
80
60 45
40 24
20 = 10
0
Anti Hbs Anti HAV IgG
M Negatif M Rapel asi yapilanlar ® Rapel asi sonrasi pozitif olanlar

Sekil 2. Hastalarin rapel doz asilama sonrasi asi yanitlari.
Tartisma

Bu calismada JIA tanili 190 hastanin hepatit serolojisi
incelenmis olup, hastalarin  %50,5’inde anti-HBs
pozitifligi, %51,1’inde ise HAV IgG pozitifligi saptanmigtir.
Anti-HBs negatif olan 94 hastanin %47,8’i yeniden
asilanmis ve bu grubun %33,3’lUnde seropozitivite
saglanmistir. Anti-HAV 1gG negatif olan 93 hastanin
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24’lne (%25,8) rapel asi uygulanmis ve bunlarin 10’unda
(%41,6) asilama sonrasi seropozitif yanit elde edilmistir.
Romatizmal hastaligi bulunan veya immiinosipresif
tedavi goren c¢ocuklarda tedavi 6ncesi asi durumunun
belirlenmesi ve buna gore asilama yapilmasi, HBV gibi
enfeksiyonlari 6nlemek agisindan kritik bir 6neme
sahiptir; ¢clinkdi bu enfeksiyonlar romatizma hastalarinda,
normal poptlasyona gore daha agir klinik bulgularin
gelismesine ve romatizmal hastaliklarin alevlenmesine
neden olabilir. Bu nedenle, JIA'll ¢ocuklarin hepatit
seropozitifligi durumlarinin bilinmesi ve agi yaniti negatif
olan hastalarin  yeniden agillanmasi, potansiyel
enfeksiyonlara karsi bagisiklik kazanmalarini saglayarak
yasam kalitelerini artiracaktir. Boylece enfeksiyonlarin
neden oldugu mortalite ve morbiditedeki azalmanin yani
sira saghk harcamalarinda da azalma saglanmasi
beklenmektedir. Bu nedenle, romatizmal hastaligl olan
bireylerde tedavi 0©ncesi hepatit markerlarinin
taranmasini dnerilmektedir.

Maritsi ve ark.'* tarafindan yapilan bir calismada, JiA'li 89
cocugun HBV’ye karsi bagisiklik durumu degerlendirilmis
ve HBV seropozitiflik orani saglkli kontrollere kiyasla
daha dusik bulunmustur (%55’e karsi %92, p<0.001).
Tirkiye'de yapilan bir galismada, tedavi baslanmamis 262
JIA tanili hasta ile 276 saghkli akraninin hepatit B
serolojileri karsilastiriimistir. JIA grubunda seropozitiflik
orani (%59,1), kontrol grubuna goére (%72,9) anlamli
sekilde distk bulunmustur (p=0,002). Ayrica, hasta
grubunda anti-HBs titresi 14 (0- 1000) IU/L, kontrol
grubunda ise 43,3 (0-1000) IU/L olarak 6l¢tilmus ve bu
fark istatistiksel olarak anlaml saptanmistir (p=0,01).°
Bizim calismamizda, JIA tanili 190 hastanin hepatit
serolojisi incelenmis ve Tirkiye’de yapilan diger bir
¢alismaya benzer sekilde, bu hastalarin %50,5'inde anti-
HBs pozitif olarak bulunmustur. Anti-HBs titresi ortancasi
11 (0-1000) 1U/L iken, bes yas altindaki hastalarda anti-
HBs titresi 36,3 (0,5-1000) IU/L, 5-10 yas arasli hastalarda
12,4 (0-1000) IU/L ve 10 yas lzeri hastalarda ise 18,2 (0-
1000) IU/L olarak tespit edilmistir (p<0,001). Cakmak ve
ark.'® calismasinda ise, bes yas altindaki hastalarda anti-
HBs titresi 122,5 (0,8-1000) IU/L, 5-10 yas arasi
hastalarda 25,4 (0-1000) IU/L, 10 vyas uzerindeki
hastalarda ise 33,6 (0-1000) IU/L olarak bulunmustur.
HBV asisinin JiA hastalarinda giivenli ve etkili oldugu
gdsterilmistir.’® Nerome ve ark.', asisiz 25 JiA hastasinin
19'unda (%76) asilama sonrasi anti-HBV yaniti
gelistirdigini rapor etmislerdir. Bu hastalarin 18'inin
biyolojik tedavi aldigi ve anti-HBs titresinin biyolojik
tedavi alan hastalarda tek basina DMARD tedavisi alan
hastalardakine kiyasla daha disik oldugu da
gosterilmistir. Cakmak ve ark.'®> 18 hastaya giiclendirici
asl uyguladiktan sonra, dért hasta (%22,2) seronegatif
kalmistir. Bizim ¢calismamizda ise, anti-HBs negatif olan 45
hasta yeniden asilanmis ve bu 45 hastadan 15’inde
(%33,3) anti-HBs titresinin 10 1U/L’nin Gzerine ¢iktigi
saptanmistir.

Maritsi ve ark.’®, JIA hastalarindaki hepatit A
seropozitifligine yonelik yaptiklari bir calismada, JIA tanili
83 hasta ile 76 saglkli kisiden olusan kontrol grubunu
karsilastirmis ve seroproteksiyon oranlarinin, JiA'l
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cocuklarda saglikh ¢ocuklara kiyasla anlamh derecede
daha dusik oldugunu belirlemislerdir (%48,2'ye karsi
%65; p=0,05). Ayrica, anti-HAV-IgG titreleri, birinci,
yedinci ve onsekinci aylarda JiA'll gocuklarda saglikli
kontrol grubuna kiyasla belirgin sekilde daha disuk
bulunmustur (p<0,001). Calismamizda anti-HAV IgG,
Maritsi ve ark.'nin galismasina benzer sekilde hastalarda
%51,1 pozitif bulunmustur.

Pediatrik romatolojide daha iyi klinik sonuglar elde etmek
amaciyla hastalarin erken ve yogun bir sekilde tedavi
edilmesi, giderek yayginlasan bir yaklasim haline
gelmistir. Bu kapsamda, inflamasyonu hizli bir sekilde
kontrol altina almak i¢in biyolojik ajanlarin kullanimi
oldukga vyayginlasmistir; ancak biyolojik tedavi alan
hastalarda HBV reaktivasyonu riskinin arttigina dair
literatiirde cesitli raporlar bulunmaktadir.®®> Bu durum,
hastalarin asi yanitlarinin degerlendirilmesi ve tani
sirasinda eksik asilarin tamamlanmasi ya da rapel dozlarin
uygulanmasinin, olasi enfeksiyonlardan korunmada etkili
bir strateji olabilecegini ortaya koymaktadir.'>2> Avrupa
Romatizma Karsiti  Birligi'nin  (EULAR), romatizmal
hastaligi olan bireylerde asilama ile ilgili 6nerileri, kronik
romatizmal hastaliga sahip  bireylerin  asilama
durumunun ve ek asi gereksinimlerinin romatoloji
ekipleri tarafindan yillk olarak degerlendirilmesi
gerektigini vurgulamaktadir.?®

Calismamizin en 6nemli kisithhgi, tek merkezli olmasi ve
verilerin geriye donlk olarak toplanmasiydi. Ayrica,
calismaya dahil edilen tim seronegatif hastalara
glclendirici asi yapilmamis olmasi, diger 6nemli bir
kisithhk olarak 6ne g¢ikmaktadir. Calismamizin bir diger
onemli kisithhgr saghkli kontrol grubunun olmamasiydi.
Dogu Anadolu bdlgesinde 0-16 yas arasindaki ¢cocuklarda
anti-HBs pozitiflik orani %71,3 olarak bildirilirken,
istanbul’da 1-6 yas grubundaki asilanmis ¢ocuklarda bu
oran %89,3’e kadar yiikselmektedir.?’2®¢ Bu oranlarla
karsilastirildiginda  JIA  hastalarinin  seropozitivite
oranlarinin normal popilasyona goére daha disiik oldugu
gozlemlenmistir.

Gelecekteki calismalar, pediatrik romatoloji alaninda
asilama konusunda farkindahigr artirmak ve bilgi
eksikligini gidermek icin uluslararasi is birlikleriyle daha
kapsamli ve iyi planlanmis sekilde yuratilmelidir.

Etik Standartlara Uygunluk

Calismaya baslamadan 6nce Kocaeli Universitesi Etik
Kurulu’ndan onay alinmistir (Onay numarasi ve tarihi:
2022/279-17.10.2022).

Cikar Catismasi
Yazarlarin konuyla ve/veya herhangi baska bir yazar ile
ilgili maddi veya manevi bir ¢ikar catismasi yoktur.

Finansal Destek
Yoktur.

Yazar Katkisi

YEB, SO, AO, NS, HES: Calismanin tasarimi, veri
toplanmasi ve analizi, kaynak taramasi ve makale yazimi
esnasinda ortak ¢alismistir.
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Bltln yazarlar yazinin son halini okumustur ve onay
vermistir.
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ABSTRACT

Objective: Cetuximab (Cmab),an EGFR inhibitor, is commonly
associated with skin toxicity in the treatment of recurrent or
metastatic squamous cell carcinoma of the head and neck (R/M
SCCHN). We aim if skin toxicity can be used as a prognostic sign
for Cmab therapy in patients with R/M SCCHN.

Methods: A retrospective review was conducted on demographic
data, prognostic features, treatment responses, Cmab-related
skin toxicity, and dates of diagnosis, treatment initiation, disease
progression, and death for r/mSCCHN patients treated with Cmab
at Kocaeli University Medical Oncology Department between
2010 and 2019.The significance of the results has been evaluated
by using SPSS (20.0 SPSS Inc., Chicago, IL, USA.) statistical program.

Results: A total of 77 patients were enrolled.A significant
association was found between Cmab-related skin toxicity and
longer survival in patients with R/M SCCHN. Patients with grade 3
skin toxicity demonstrated prolonged overall survival (OS) and
markedly improved progression-free survival (PFS) compared to
those without skin toxicity.Additionally, compared to patients
without skin toxicity, those with grade 1 or grade 2 skin toxicity
had a noticeably prolonged PFS.No significant OS difference was
observed between patients with grade 1 or grade 2 toxicity and
those without skin toxicity.

Conclusion: Grade 3 skin toxicity correlates with enhanced
prognosis, resulting in prolonged OS and PFS. Grade 1 and Grade
2 skin toxicity are associated with improved progression-free
survival relative to the absence of toxicity. The data indicate that
preventive measures for managing Cmab-related skin toxicity,
particularly grade 2 and grade 3, may improve patient outcomes.

Keywords: Cetuximab, head and neck cancer, skin toxicity
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Amag: Reklrren  veya metastatik bas ve boyun
kanserinde(r/mSCCHN) Setuximab (Cmab) ile iliskili cilt toksisitesi,
tedavide sik gorilen bir yan etkidir. Cilt toksisitesinin prognostik bir
Olgut olarak kullanilip kullanilamayacagini degerlendirmek istedik.

Yontem: 2010-2019 yillari arasinda Kocaeli Universitesi Tibbi
Onkoloji Béliimii'nde Cmab ile tedavi edilen r/mSCCHN hastalarinin
demografik verileri, prognostik 6zellikleri, tedavi yanitlari, Cmab ile
iliskili cilt toksisitesi, tani zamani, tedavi baslama zamani, progresyon
ve olum tarihleri retrospektif olarak incelenmis ve sonuglarin
anlamliligi SPSS (20.0 SPSS Inc., Chicago, IL, USA.) istatistik programi
kullanilarak degerlendirilmistir.

Bulgular: Toplam 77 hasta galismaya dahil edilmistir.R/M SCCHN
hastalarinda Cmab ile iliskili cilt toksisitesi ile daha uzun sagkalim
arasinda anlamh bir iliski bulunmustur. Cilt toksisitesi olmayan
hastalarda, grad 1 ve grad 2 cilt toksisitesi olanlara kiyasla daha kisa
progresyonsuz sagkalim (PFS) gorilmistir. Ozellikle, grad 3 cilt
toksisitesi olan hastalar, cilt toksisitesi olmayanlarin yani sira grad 1
veya grad 2 toksisitesi olanlara gére daha uzun genel sagkalim (OS)
ve daha iyi PFS sergilemistir. Grad 1 veya grad 2 toksisitesi olan
hastalar ile cilt toksisitesi olmayan hastalar arasinda anlamli bir OS
farki gozlenmemistir.

Sonug: Ozellikle grad 3 cilt toksisitesi , daha uzun OS ve PFS ile yani
daha iyi prognoz ile iliskilidir. Grad 1 ve grad 2 cilt toksisitesi, cilt
toksisitesi olmayanlara kiyasla daha iyi PFS ile baglantilidir. Bu
bulgular, Cmab ile iligkili cilt toksisitesini, 6zellikle de grad 2 ve grad
3 cilt toksisitesini yonetmeye yonelik 6nleyici stratejilerin hasta
sonuglarini iyilestirebilecegini géstermektedir.

Anahtar Kelimeler: Setlksimab, cilt toksisitesi, bas boyun kanseri
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Introduction

Squamous cell carcinomas (SCC), which constitute the
majority of head and neck cancers, originate from various
areas such as the oral cavity, oropharynx, hypopharynx,
larynx, and nasopharynx.! The incidence of recurrent or
metastatic SCC of the head and neck (R/M SCCHN) varies
widely across different geographical areas, reflecting
regional differences in risk factor exposure. Worldwide,
these cancers contribute to over 400,000 deaths
annually, with nearly 900,000 new cases diagnosed each
year.?

Cetuximab, an inhibitor of the Epidermal Growth Factor
Receptor (EGFR), has become a key therapeutic option in
the treatment of R/M SCCHN. EGFR plays a significant
role in promoting cellular growth and maintaining the
skin's balance, making cetuximab a critical drug for
managing these malignancies.

In treating R/M SCCHN, clinical trials have shown that
combination chemotherapy regimens are more effective
than single-agent therapies, leading to better survival
outcomes. Consequently, combination treatments are
the preferred first-line therapy for this patient group.3®
The results of the Phase Ill EXTREME trial demonstrated
that adding cetuximab to a platinum-based
chemotherapy regimen (platinum/5-FU) significantly
improved both overall survival (OS) and progression-free
survival (PFS) when compared to chemotherapy alone,
establishing this combination as the standard treatment
approach for R/M SCCHN.”®

Despite cetuximab’s proven efficacy in R/M SCCHN, most
research has focused on its effects in metastatic
colorectal cancer, and there is a lack of studies exploring
how cetuximab-induced skin toxicity might correlate with
prognosis in patients with head and neck cancerThis
study seeks to explore the possible link between
cetuximab-induced skin toxicity and clinical outcomes,
including OS and PFS, in patients with R/M SCCHN at our
clinic.

Methods

This retrospective study included patients with R/M
SCCHN treated between January 2010 and October 2019,
selected from the Oncology Clinic archive at Kocaeli
University Faculty of Medicine. Patients who were
diagnosed at our hospital but continued treatment at
other centers or had inaccessible medical records were
excluded.

We analyzed patient data collected from hospital records
and from the information system, specifically focusing on
those who received Cetuximab, when administered in
conjunction with chemotherapy (5-FU/cisplatin or
carboplatin/Cmab). The study examinedcomprehensive
patient characteristics, including demographics, primary
tumor sites, and treatment details.

We also examined the occurrence of skin toxicity
associated with cetuximab and the relationship between
the severity of skin toxicity and both overall survival (OS)
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and progression-free survival (PFS). The tumor’s site of
origin, the initial treatment provided, and the radiological
response to the first-line treatment (complete, partial, or
stable response) were also assessed.

Inclusion criteria for this study were: (1) a confirmed
diagnosis of R/M SCCHN; (2) treatment with cetuximab in
combination with chemotherapy at Kocaeli University
Faculty of Medicine; and (3) complete availability of
clinical and treatment data. Patients were excluded if
they: (1) discontinued treatment at our center; (2) had
incomplete or inaccessible medical records; or (3) were
lost to follow-up before receiving cetuximab treatment.
Skin toxicity was evaluated by both dermatologists and
oncologists at Kocaeli University Faculty of Medicine
Hospital, using the NCI-CTCAE (Common Toxicity Criteria
for Adverse Events, version 4.0) criteria.’

Statistical Analysis

The study assessed the correlation between the severity
of skin toxicity and extended OS and PFS, without
incorporating time-specific criteria. Statistical
significance was determined using the SPSS (20.0).
Normal distribution was verified through the
Kolmogorov-Smirnov and Shapiro-Wilk tests. Numerical
data were expressed as mean * standard deviation, and
categorical data were presented as frequency
(percentage). Independent sample t-tests were used for
group comparisons, while Chi-square analysis assessed
categorical variable relationships. Survival analysis was
conducted using the log-rank test and the Kaplan-Meier
method. A p-value of <0.05 was considered statistically
significant.

Ethics Approval

This study received ethical approval from the
Institutional Review Board of Kocaeli University
(Approval Code: KOU GOKAEK-2019/16/09, Project
Identifier: 2019/269). All procedures were conducted in
compliance with the principles outlined in the
Declaration of Helsinki.

Results

This investigation comprised 77 patients, with a median
age of 62 years (range: 53-67). Of the patients who
experienced recurrence following the initial treatment,
65 (84.4%) presented with metastatic disease, while 12
(15.6%) exhibited locally advanced cancer. Among the
metastatic cases, 47 (61%) demonstrated lung
metastasis, six (7.8%) exhibited liver metastasis, 15
(19.5%) presented with bone metastasis, and 33 (42.9%)
showed mediastinal lymph node metastasis. Patient
demographics, including sex, tumor location, disease
stage at diagnosis, and initial treatment, were all
considered (Table 1).

The distribution of skin toxicity severity was as follows:
32 patients (41.6%) developed grade 3 toxicity, 11
(11.4%) developed grade 2, 11 (11.4%) developed grade
1, and 23 patients (29.9%) exhibited no skin toxicity. In
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the progression-free survival analysis, patients with
grade 3 skin toxicity had markedly improved survival
compared to those without any skin toxicity (log-rank
test, P < 0.001), as well as compared to those with grade
1 toxicity (P = 0.003) or grade 2 toxicity (P = 0.001).

Table 1. Patient Characteristics

Patient Characteristics (Numl?et:'nc‘):(:’rerson) Percentage
Sex

Male 63 81.8%
Female 14 18.2%
Primary Site

Oral Cavity 28 36.4%
Nasopharynx 3 3.9%
Oropharynx 2 2.6%
Hypopharynx 9 11.7%
Larenyx 27 35.1%
Sinus 4 5.2%
External Auditory Canal 1 1.3%
Parotid Gland 1 1.3%
Mandibular 1 1.3%
Primary Site Unknown 1 1.3%
At The Time Of Diagnosis

Local 47 61%
Local Advanced 20 26%
Metastatic 10 13%
The First Treatment

Patients Received

Surgery And Adjuvan RT 38 49.4%
Chemoradiation 20 26%
De Novo Metastatic 10 13%
Surgery 2 9.1%
RT 7 2.6%
Treatment Regimen

5FU+Cis+Cmab 65 84.4%
5FU+Carbo+Cmab 12 15.6%
Total 77 100%

Both grade 1 and grade 2 skin toxicity were linked to
considerably improved PFS when compared to patients
who did not exhibit skin toxicity. (Figure 1).

When analyzing the impact of skin toxicity on overall
survival, it was clear that patients with grade 3 skin
toxicity had significantly longer survival compared to
those with no skin issues (hazard ratio, 0.36; 95% Cl, 0.19
to 0.66, P < 0.001). In contrast, there was no significant
difference in OS between patients with grade 1 or grade
2 skin toxicity and those with no skin reactions. (Figure 2)
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SKIN
TOXICITY
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Cum Survival

Progression-free Survival (months)
Figure 1. Kaplan-Meier survival curve for progression-free
survival in relation to cutaneous toxicity.

SKIN
TOXICITY
GRADE

Cum Survival

Overall Survival (months)

Figure 2. Kaplan-Meier survival curve for overall survival in
relation to cutaneous toxicity.

Upon retrospective examination, marked differences in
both OS and PFS were detected between patients who
developed severe skin reactions (grade 3 toxicity) and
those who did not experience any skin complications.
Additionally, those with grade 1 or grade 2 skin toxicity
had better progression-free survival rates than those
who remained free of skin toxicity.

In addition to skin toxicity, several other factors have
been evaluated for their potential impact on the
prognosis. The analysis revealed that patients with lung
metastasis exhibited a mortality risk 2.5 times higher
than those without lung involvement (P = 0.18). Age and
sex were not significantly associated with mortality (P =
0.73). Furthermore, cachexia was observed to increase
the mortality risk by 2.5 times, altough this result was not
statistically significant (P = 0.2).

Discussion

Cetuximab plays a significant role in the treatment of
R/M SCCHN. Our investigation demonstrated that skin
toxicities in cetuximab-treated R/M SCCHN patients may
serve as a prognostic indicator of patient survival
outcomes. Patients who developed grade 3 skin toxicity
exhibited significantly improved overall survival (hazard
ratio, 0.36; 95% Cl, 0.19-0.66; P < 0.001) and progression-
free survival compared to individuals without skin toxicity
(log-rank test, P < 0.001), grade 1 (P = 0.003), or grade 2
toxicity (P = 0.001). A study conducted in Japan with 105
patients observed that grade 3 skin toxicity, which
developed within 90 days of cetuximab administration,
was associated with enhanced survival outcomes?®. Our
findings are consistent with this observation, indicating
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that patients who experienced grade 3 skin toxicity
demonstrated improved OS and PFS. Although the
distribution of skin toxicity was relatively similar in both
studies, our cohort had a slightly higher incidence of
grade 3 toxicity. These results suggest that skin reactions
are not only common treatment-related adverse effects
but may also serve as prognostic indicators associated
with improved clinical outcomes.

While cetuximab-induced skin toxicity has been
extensively investigated in the context of metastatic
colorectal cancer, there remains a dearth of data
examining its prognostic implications in patients with
R/M SCCHN. By demonstrating a correlation between
grade 3 skin toxicity and enhanced OS and PFS, our
findings suggest that cetuximab-induced dermatologic
reactions may reflect not only treatment efficacy, but
also serve as a clinically relevant indicator of favorable
prognosis in R/M SCCHN.

Cetuximab is generally well tolerated; but cutaneous
eruptions, predominantly observed on the facial region,
cervical area, scalp, and superior dorsal surface, remain
among the most prevalent adverse events. Acneiform
rash was the most frequently documented cutaneous
reaction in a Japanese study, manifesting in 87% of
subjects’®. Given the established correlation between
cutaneous reactions and improved survival outcomes, it
is imperative not to prematurely discontinue cetuximab
administration in the presence of these adverse effects
unless the reactions are of severe intensity. Efforts are
underway to develop methods for preventing or
minimizing these dermatologic reactions to avoid
interrupting treatment. These approaches include
recommending mild, hypoallergenic skincare products,
using emollients, and protecting patients from sun
exposure with high-SPF sunscreen.!! Nutritional status
also plays a key role in managing the side effects of
cetuximab, as patients with inadequate nutrition may be
more susceptible to complications.'>*3

Despite advancements in immunotherapy anticipated to
confer future survival benefits, current evidence
comparing cetuximab-based regimens with
immunotherapy for recurrent or metastatic head and
neck cancers has yet to demonstrate a clear survival
advantage. Cetuximab remains fundamental in the
treatment of head and neck tumors owing to its
established efficacy and tolerability. Severe cutaneous
toxicity associated with cetuximab is a common adverse
event and predictive marker for treatment response,
providing valuable insights into patient prognosis. Given
the prognostic value of skin toxicity in patients receiving
cetuximab, earlier consideration of personalized and
novel treatment modalities is warranted.

Although our study is constrained by its limited sample
size and single-center design, the results imply that
cetuximab-induced skin toxicity could serve as a potential
indicator of a favorable prognosis in patients with R/M
SCCHN. Further multicenter studies involving a larger
number of patients are necessary to confirm these
findings and investigate their potential clinical
significance.
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In conclusion, this study provides compelling evidence
that cetuximab-induced skin toxicity, particularly grade 3,
may serve as a valuable prognostic indicator for patients
with R/M SCCHN. The findings demonstrated a positive
correlation between severe skin toxicity and improved
OS and PFS outcomes. These results are consistent with
previous research and underscore the potential dual role
of cutaneous reactions as treatment-related adverse
effects and indicators of therapeutic efficacy.
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ABSTRACT

Objective: The metabolic, endocrinological, neurological, and
psychological causes of heterotopic ossification in the frontal
bone have become increasingly important. Overgrowth of the
frontal bone, called hyperostosis frontalis interna (HFI), can cause
headaches and, rarely, seizures. HFI is nine times more common
in women and is called Morgagni-Stewart-Morel syndrome when
it occurs with virilization, obesity, and neuropsychiatric problems.
Long-term estrogen exposure, advanced age, female gender,
testosterone suppression removal, male-type hypogonadism,
genetics, environmental factors, obesity, diet, Diabetes mellitus,
some metabolic diseases, autoimmunity (ANA+), endocrine
imbalance, and LEPTIN cause HFI. About 20% of HFI patients
experience headaches, obesity, vertigo/dizziness, cognitive
decline, and depression.

Methods: Our study was conducted over four years, from 2016 to
2019, at the Anatomy Department of Albert Einstein College of
Medicine, New York, USA. We utilized formalin- fixed course
cadavers from the department to assess heterotopic ossification.
The cadavers exhibiting HFI+ were particularly recognized. The
gender and age of the cases were considered. 74 donors, ranging
in age from 42 to 103, were assessed.

Results: The study indicates that the frequency of HFI is 41.89%,
with a prevalence of 9.45% among men in the population. This
represents 22.58% of all HFI cases. The incidence among women
is recorded at 32.43% within the population, representing 77.42%
of total HFI cases.

Conclusion: Our study sample had 9.45% male HFI, which is
remarkable. Although estrogen has been the main driver in HFI
etiopathogenesis, the reported rate in males will illuminate fresh
research and conclusions, allowing a full study of alternative
variables.

Keywords: Hyperostosis frontalis interna, acromegaly,
postmenopausal women, calvarial growth, heterotopic
ossification

oz

Amag: Frontal kemikteki heterotopik ossifikasyonun metabolik,
endokrinolojik, norolojik ve psikolojik nedenleri giderek 6nem
kazanmaktadir. Hiperostozis frontalis interna (HFI) adi verilen 6n
kemigin asiri buylmesi bas agrisina ve nadiren nobetlere neden
olabilir. HFI kadinlarda dokuz kat daha sik gortliir ve virilizasyon,
obezite ve noropsikiyatrik problemlerle ortaya giktiginda Morgagni-
Stewart-Morel sendromu olarak adlandirilir. Uzun sireli dstrojen
maruziyeti, ileri yas, kadin cinsiyet, testosteron baskilanmasinin
ortadan kalkmasi, erkek tipi hipogonadizm, genetik, cevresel
faktorler, obezite, diyet, Diabetes Mellitus, bazi metabolik
hastaliklar, otoimminite (ANA+), endokrin dengesizligi ve LEPTIN
HFI'ye neden olur. HFI hastalarinin yaklasik %20'sinde bas agrisi,
obezite, vertigo/bas donmesi, bilissel gerileme ve depresyon
gorulur.

Yontem: Calismamiz ABD'nin New-York Albert Einstein College of
Medicine’de, Anatomi Laboratuvarinda 2016-2019 yillari arasinda
dort yil boyunca gergeklestirildi. Heterotopik ossifikasyonu
degerlendirmek igin bolimden alinan formalinle sabitlenmis
kadavralardan yararlandik. HFI+ sergileyen kadavralar ozellikle
tanindi. Olgularin cinsiyeti ve yasi dikkate alindi. Yaslari 42 ila 103
arasinda degisen 74 dondr degerlendirildi.

Bulgular: Calisma, HFI sikhiginin %41,89 oldugunu, toplumdaki
erkeklerde gorilme sikliginin ise %9,45 oldugunu gostermektedir.
Bu, tim HFI vakalarinin %22,58'ini temsil etmektedir. Kadinlar
arasindaki insidans, populasyonda %32,43 olarak kaydedilmis olup,
toplam HFI vakalarinin %77,42'sini temsil etmektedir.

Sonug: Bulgular, HFI arastirmasi ve etiyolojisinde 0Ostrojen
maruziyetinin diger faktorlerle birlikte dikkate alinmasi gerektigini
gostermektedir. Genetik veya epigenetik faktorler bazi kliniklerde
daha sik gorilen HFI'yi tetikleyebilir. Bu korelasyonu dogrulamak
icin daha buyk bir populasyon ¢alismasina ihtiyag vardir.

Anahtar Kelimeler: Hiperostozis frontalis interna, akromegali,
postmenopozal kadin, calvarial biylime, heterotopik ossifikasyon
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Introduction

Heterotopic ossification in the calvaria, while present in
other cranial bones, is particularly prevalent in the frontal
bone and has garnered significance in recent years
regarding its metabolic, endocrinological, neurological,
and psychiatric etiopathogenesis. Hyperostosis Frontalis
Interna (HFI) refers to anomalies in the inner surface of
the calvaria, characterized by widespread, nodular
development and thickening of the bone tissue from the
lamina interna of the frontal bone to the cranial cavity.
This action transpires within the spongy bone tissue. The
frontal bone is intact in the midline and is distinctly
bounded by the middle meningeal artery. In radiological
imaging, "butterfly-like density" is characteristic. Initially
delineated by Morgagni in 1719%, HFI was thoroughly
analyzed and categorized by Moore in 19552, and further
subtyped in 1999 by Herskovitz et al.? For classification, it
is essential to ascertain whether it pertains to
morphology, distribution, localization, size, or adjacent
structures of the frontal bone. Estrogen, parathormone,
calcium ATPase, and neuropeptides contribute to the
pathophysiology of HFI. The majority of instances involve
postmenopausal women. Chronic exposure to estrogen,
advanced age, female sex, cessation of testosterone's
suppressive effects, male-type hypogonadism, genetic
predisposition, environmental influences, obesity,
dietary factors, diabetes mellitus, certain metabolic
disorders, autoimmunity (ANA+), endocrine
dysregulation, and leptin are implicated in the etiology.
Klippel-Trenaunay-Weber Syndrome, Frolich Syndrome,
Morgagni Syndrome, Stewart-Moral Syndrome, Troell-
Junet  Syndrome, and  Morgagni-Stewart-Morel
Syndrome have all been linked to HFI. Frontal pain,
psychoneuroses, obesity, Parkinsonism, depression,
frontal cortex managerial dysfunctions, epilepsy, and
hypertrichosis may accompany HFI. Using
osteoarchaeological evidence and unintentional cadaver
autopsy images, HFI can be diagnosed. In the differential
diagnosis, it is crucial to consider localized malignancies
(endosteal osteoma, osteosarcoma), Paget's Disease,
fibrous  dysplasia, Leontiasis ossea, pregnancy
osteophytes, and metabolic craniopathy.

Moore comprehensively analyzed roentgenograms to
identify four distinct forms of hyperostosis cranii.*® HFI
was utilized solely for description. Instances where only
the frontal bone is involved; nebula frontalis (NF) refers
to a consistent, uniform thickening of the frontal bone;
hyperostosis calvaria diffusa (HCD) denotes a condition
affecting all flat bones of the calvaria. Perou expanded
the existing terminology to incorporate hyperostosis
cranii interna (HCl) for cases of HFI where remodeling
extends beyond the frontal bone to include the parietal,
temporal, or sphenoid bones (Perou, 1964)”- Therefore,
the term HCl encompasses all instances of endostosis,
irrespective of their location and extent.

A further classification has been developed by Herskovitz
et al.?> Observation or extension of hyperostosis in bones
other than the frontal bone, classification based on;
morphology, form, type of border, location of lesion;

170

*Type A: Singular or multiple isolated osseous elevations
of less than 10 mm in diameter situated on the
endocranial surface of the frontal bone.

*Type B: Nodular osseous formations that comprise less
than 25% of the frontal bone.

*Type C: Nodular osseous formations include up to 50%
of the frontal bone.

*Type D: Nodular osseous formations situated on the
endocranial surface of the frontal bone, exceeding 50%
and exhibiting continuity.

*Type E: Severe hyperostosis frontalis interna
characterized by soft tissue proliferation and expansion.
Hyperostosis frontalis interna (HFI) develops when the
frontal bone grows abnormally behind its internal table.
According to She et al., 5%-12% of people could develop
HFI.® Clinicians consider the pathology benign mostly
because a significant number of patients are
asymptomatic. When compared to the general
population of the same age, those with HFI who do
experience symptoms most often report headaches and
depression.®

This condition should be seen as a metabolic bone
disease because it is associated with HFI, diabetes,
hirsutism, and acromegaly. Dementia and seizures are
two other disorders that are not as strongly linked to HFI.
Hormones seem to be the likely culprit, according to the
research. For example, according to Murphy et al. (2018),
the primary population of HFI consists of elderly, obese,
diabetic, hyperandrogenic, or nulliparous
postmenopausal women.® According to Morita et al.
(2021), one theory is that estrogen dysregulation can
promote bone formation by stabilizing the networks of
meningeal microvasculature.'® Despite Hershkovitz's first
classification scheme for HFI in cadavers, neither the
living population nor cadaveric case reports consistently
use it. ! Patients coping with HFI do not have access to a
similarly reliable classification scheme. Furthermore,
historical records show that HFI has been a problem for
humans for a long time.?

The pathogenesis of HFI remains little elucidated. The
'global model' of HFI, presented by Hershkovitz et al.,
identifies vascularization from the dura as a crucial
element in the pathophysiology of HFI.3 Talarico et al.
found that in the woman with HFI, the inner table
displayed significant remodeling, comprised
predominantly of big sinuses, and extended to the
external periosteal layer of the dura.!

Larger pores may arise from the infiltration of blood
vessels from the dura, ultimately resulting in the
diploidization of the inner table.'3

Estrogen receptors are predominantly situated on the
vascular tissue of the dura, and estrogen is recognized for
its significant influence on meningeal vascularity.*
Angiogenesis stimulated by estrogen has been
extensively studied.’>® Estrogen is proposed to trigger
the hypoxia-inducible factor-a (HIFa) signaling pathway,
resulting in the activation of proangiogenic genes, chiefly
vascular endothelial growth factor (VEGF).*>'7 Estrogen
can thereby promote angiogenesis. Numerous studies
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indicate that bone turnover is associated with bone
vasculature 81220

Methods

Our study was conducted for 4 years between the years
of 2016 to 2019 at Albert Einstein College of Medicine,
Anatomy Department, New York — U.S.A., utilizing
cadavers of the department, which were examined and
evaluated for heterotopic ossification. This study
examined heterotopic ossifications in the calvaria of 74
formalin-embalmed cadavers (44 males, 30 females,
aged 42-103) donated to the Department of Anatomy at
Albert Einstein College of Medicine (AECOM). All donors
permitted for donation and utilization in clinical trials
were accepted in accordance with New York's
Anatomical Gift Law. This study does not require ethical
approval as it utilizes course cadavers from the Albert
Einstein College of Medicine C&DA Department, in
accordance with the exemption categories outlined in
Einstein-IRB-citation104(d).

Excision of Calvaria and Cerebrum

The scalp was retracted from the cranium while in the
supine posture. The temporalis fascia was severed. The
temporalis muscle was reflected inferiorly, and the bones
were meticulously cleaned. The external lamina and
diploé were circumferentially incised with a Stryker saw
along a line commencing 1.5 cm above the supraorbital
edge and extending to 2 cm superior to the external
occipital protuberance. Meticulous precautions were
implemented to avoid harming the underlying dura
mater and brain. A Verchow Skull Breaker and a chisel
were employed to penetrate the endocranium. The
calvaria was excised by carefully separating it from the
dura mater through blunt dissection. The cadaver was
thereafter positioned prone, and the tentorium cerebelli
was incised bilaterally, extending the incision posteriorly
to the superior border of the petrous bone. The spinal
cord, along with the vertebral arteries and cranial nerves
IV, V, VIl to XI, as well as the hypoglossal nerve bundle,
were severed. Subsequently, while in the supine posture,
gentle pressure was exerted on the frontal poles of the
cerebral hemispheres, the falx cerebri was incised near
the crista galli, and the brain was retracted superiorly and
posteriorly, displacing the olfactory bulbs and tracts from
the cribriform plates. The brain was elevated, and the
infundibulum, internal carotid arteries, and other cranial
nerves were transected.

The brain was carefully retracted posteriorly, extracted
from the cerebral cavity, and immersed in 10% neutral
buffered formalin.

Comprehensive Assessment of the Calvaria and
Cerebrum

The calvaria was examined, and images were captured
using a Canon PowerShot SD1100 IS Digital ELPH 8.0-
megapixel camera, which was utilized to document the
extent and borders of hyperostosis, as well as the
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dimensions of hyperostotic nodules. The brain, with
intact meninges, was analyzed and photographed.

The meninges were meticulously dissected to prevent
injury to the underlying tissue, and the brain was
thoroughly examined and photographed for potential
indications of topographical anomalies resulting from
hyperostotic bone or bony nodules.

Results

HFI+ was detected in 31 cases in total among 74 donors.
In contrast to the expected number of HFI cases, 7 of the
31 cases were observed in the male gender. In addition,
another important feature of this study is its evaluation
in terms of HFl in the American population observed
during these 4 vyears. Our study reveals that the
frequency of HFI stands at 41.89%, with a prevalence of
9.45% among men in the population. This accounts for
22.58% of all HFI cases. In contrast, the incidence in
women is observed at a rate of 32.43% within the society,
constituting 77.42% of total HFI cases.

In the male cases of HFI, one case was identified in the
54-year age range, four cases were identified in the 70-
80 year age range, and two cases were identified in the
80-90 year age range. Among female cases of HFI, 91.6%
were aged over 60 years.

Figure 1, visually illustrates the incidence of HFI cases
detected in males and females separately, as well as the
overall cases.

18

Age of 40-59 Aage of 60-79 Age of B0-100

Tota Male Female

Figure 1. Displays graphically the overall case count, the
number of cases found in males and females individually, and
the incidence of HFI.

Macroscopic Analysis of the Frontal Lobe and the
Calvaria

In Figure 2a, in a 78-year-old male case, a butterfly-
shaped location in the Os frontale, bilaterally on the right
and left, not exceeding the distribution area of the
a.meningea media, is observed, which is the typical
definition of HFI.

In Figure 2b, illustrates the impressions created by
protrusions from heterotopic ossifications on both the
right and left brain lobes, corresponding to the regions
where impressions from hyperostosis frontalis interna
are observed, as indicated by the areas encircled in red.
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In Figure 3a, regarding the 64-year-old female instance,
the os frontale is more prominent on the right,
encompassing 50% of the frontal bone area up to the
bifurcation of the a. meningea media on the left. On the
left, it is less prominent than on the right, heterotopic
ossifications are noted reaching to the branches of the a.
meningea media.

In Figure 3b, HFI, observable in the right os frontale
region, also significantly impacted the corresponding
brain lobe due to compression.

In instances where HFI was identified, the dimensions of
the osseous protrusions in the frontal bone correlated
with observable compression-induced impressions in the
neighboring dura mater and frontal cerebral lobes. The
primary feature that captures our attention is
heterotopic ossifications, located in the frontal bone and
adjacent to the parietal bone, attributable to their
morphological characteristics. It did not extend to the
bifurcation of the meningea media and did not occupy
the midline. In other words, the midline exhibited no
involvement of HFI.

Figure 2a-2b. A typical definition of HFl is noted in a 78-year-old
male case: a butterfly-shaped position in the Os frontale,
bilaterally on the right and left, not surpassing the distribution
area of the a.meningea media.

Figure 3a-3b. In the case of the 64-year-old female, the os
frontale exhibits greater prominence on the right side, covering
50% of the frontal bone area up to the bifurcation of the a.
meningea media on the left. Heterotopic ossifications are
observed on the left, where they are less prominent compared
to the right, extending to the branches of the a. meningea
media. 3b. HFI, which is visible in the right os frontale area,
compressed the corresponding brain lobe and had a substantial
impact on it.

Discussion

Our work was significant in identifying HFl in males
through the examination of 74 cases. Nevertheless, no
documentation existed concerning the backgrounds of
the cases. The existing research indicates that the
replacement of estrogen effects by testosterone
dominance plays a crucial role in the pathogenesis of HFI;
notably, we observed considerable cases of HFI in males.
Nonetheless, it is recognized that HFI induces not only
morphological alterations in bone. Simultaneously, it
may coexist with other metabolic, neuroendocrine,
genetic, and psychiatric disorders.

Symptoms occurring in over 20% of HFI patients included
headaches, obesity, vertigo/dizziness, cognitive decline,
and depression. Symptoms of moderate frequency
observed in 5% to 20% of HFI patients included
unspecified psychological diagnoses, extremity weakness
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or gait abnormalities, giddiness, vision dysfunctions,
diabetes, and hypertension.

Symptoms occurring at low frequency in fewer than 5%
of HFI patients included a history of head trauma, energy
decrease or fatigue, frontal lobe compression, cerebral
atrophy, epilepsy, cystic ovaries, endocrine dysfunctions
(excluding diabetes), speech dysfunctions, and increased
intracranial pressure.*?

Roybal et.al. suggested that Msx genes play a dual role in
calvarial development by facilitating the differentiation
and proliferation of osteogenic cells in rudiments, while
also inhibiting an osteogenic program in the surrounding
cell layer where the rudiments develop. The inactivation
of this repressive activity may contribute to the
formation of Wormian bones, which are ectopic bones
associated with various pathological conditions that
compromise calvarial bone development.*?

The absence of Fgfrl in neural crest cells results in
heterotopic chondrogenesis and osteogenesis during the
development of the frontal bone.**
Klippel-Trenaunay-Weber Syndrome, Frolich Syndrome,
Morgagni Syndrome, Stewart-Moral Syndrome, Troell-
Junet  Syndrome, and Morgagn-iStewart-Morel
Syndrome have all been linked to HFI. Frontal pain,
psychoneuroses, obesity, parkinsonism, depression,
frontal cortex managerial dysfunctions, epilepsy, and
hypertrichosis may accompany HFI. In the differential
diagnosis, it is crucial to consider localized malignancies
(endosteal osteoma, osteosarcoma), Paget's Disease,
fibrous dysplasia, Leontiasis ossea, pregnancy
osteophytes, and metabolic craniopathy.?
Klippel-Trenaunay-Weber Syndrome is associated with
varicose veins, port wine stains, and bone and soft tissue
enlargement.

Troell-Junet Syndrome, accompanied by acromegaly,
toxic goiter, diabetes mellitus.

Frolich Syndrome is associated with, pituitary anterior
lobe atrophy-pituitary hypocrinism, obesity, growth
retardation, port wine stain, and pituitary gonadotropic
hormone deficiency.

The coexistence of metabolic, endocrine, and
neuropsychiatric disorders with HFI is referred to as
Morgagni-Stewart-Morel (MSM) syndrome. This instance
was first recorded in 1719 by Giovanni Battista Morgagni,
who noted a relationship between hirsutism and obesity,
along with a thickening of the frontal bone.3® Surprisingly,
very little is known about this disease, even after three
centuries of research. Stewart and Morel documented
chronic headaches and neuropsychiatric symptoms in the
early 1930s. 3940 Recent studies have established a
connection between MSM syndrome and
neuropsychiatric disorders, metabolic and hormonal
problems (including hirsutism, diabetes, and obesity),
and other health issues. The reported clinical pattern is
rarely consistent because the illness can have a wide
array of symptoms and varied degrees of severity. Many
medical professionals dispute the syndrome's validity
because its related diseases can appear in older women
on their own.%3 Although the exact cause of HFl and MSM
syndrome is still a mystery, prominent hypotheses point
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to malfunctions in estrogen, obesity, and leptin, in
addition to genetic components.®

Conditions and cases associated with HFI encompass
frontal headache, intracranial hypertension, cognitive
impairment, behavioral disorders, psychoneuroses,
obesity, Alzheimer's disease, Parkinsonism, depression,
executive dysfunction of the frontal lobe, epilepsy, and
hypertrichosis.

Frontal lobe compression due to significant HFl may lead
to psychiatric illnesses and cognitive deficits, especially
impacting executive processes. In instances of
concurrent degenerative dementia, the existence of HFI
may signify a negative prognosis for the swift
advancement of cognitive deterioration.*

A case presented by Brodoehl et al. illustrates
transcortical motor aphasia, marked by reduced
spontaneous speech, naming, and writing capabilities,
whereas repetition and comprehension are preserved.
The patient presents with moderate dementia and right-
sided parkinsonism, characterized by increased muscle
tone, a slight hand tremor, and supranuclear vertical gaze
palsy. Neuroimaging demonstrated notable bifrontal
hyperostosis. Hyperostosis frontalis interna (HFI) is
characterized by a continuous proliferation of the frontal
bone, commonly linked to chronic headaches and, less
frequently, to seizures. HFI is observed to occur nine
times more frequently in women and, when associated
with virilisation, obesity, and neuropsychiatric issues, is
classified as Morgagni-Stewart-Morel syndrome.*

HFI is associated with increased thickness of all calvarial
bones and a reduction in intracranial volume.*®

A considerable proportion of female specimens
displaying heightened severity of HFI demonstrated a
range of neuropsychiatric abnormalities, such as
dementia, depression, Parkinson’s disease, and
Alzheimer’s disease. Alzheimer's disease correlates with
bone density. The severity of Alzheimer's disease in a
patient may increase the risk of low bone mineral
density.*” This indicates that the body's reaction to the
reduction of brain matter and the increase in skull
volume is to promote bone deposition, which serves to
reduce brain movement and stabilize it within the cranial
cavity.®®

Postmenopausal women, people with long-term
estrogen exposure, overweight people, diabetics, and the
elderly are at increased risk for HFI.

Hershkovitz indicates that the least severe variant of HFI
manifests in females as early as 21 years of age, while
advanced HFI does not emerge prior to 40 years of age.
The initial psychological symptoms linked to HFl generally
manifest after the age of 35.4°

HFl occurs more frequently in females, particularly in
postmenopausal women (40-60%).

Patients are typically asymptomatic or exhibit non-
specific symptoms, including headache, neurological, or
mental issues. The characteristic observation on [99mTc]
HDP-bone scintigraphy and [18F] FDG-PET/CT s
symmetrical and bilateral uptake in the frontal bones,
resembling a butterfly pattern. [99mTc] HMPAO-labeled
white blood cell scintigraphy demonstrates elevated
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uptake, as the thickening results from higher bone
marrow activity.>®

This work is significant for elucidating clinically linked
disorders by analyzing the incidence of HFI cases across
both genders in American cadavers during a four-year
period, as well as referencing reported instances in the
literature. In Clinical Anatomy, it is crucial to recognize
that HFI is not merely a physical structure seen in the
calvaria, but is linked to various clinical fields, particularly
neuroendocrinology, genetics, and neuropsychiatry.

Conclusion

The prevalence of male individuals with Hyperostosis
Frontalis Interna in our study sample was 9.45%, which is
noteworthy. Although the influence of estrogen has been
the predominant factor in the etiopathogenesis of HFI
thus far, the observed rate in males will illuminate new
research and findings, facilitating a comprehensive
exploration of the factors potentially involved in
etiopathogenesis.

Given the unclear etiology, pathogenesis, and clinical
presentation of HFI, it may be advantageous for clinicians
to explore a potential relationship between HFI and the
reported high to moderate symptoms. Furthermore,
further research is necessary to accurately represent the
current population of HFI patients and their associated
symptoms. In extensive case groups, both cadaveric and
forensic science cases, as well as living HFI instances, will
be identified through radiological imaging, particularly in
endocrine, neurology, and psychiatry clinics. This will
facilitate multidisciplinary research, early diagnosis of
HFI, and the development of novel treatment modalities
in the relevant clinics.

Description

This article contains a portion of the research that was
delivered as an oral presentation at the 2nd International
Congress on Sports, Anthropology, Nutrition, Anatomy,
and Radiology (SANAR), which took place from the 20th
to the 23rd of July, 2020. The summary text was
published in the booklet that contained the proceedings
of the congress, namely on pages 100-105.
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ABSTRACT

Objective: This study investigates the role of matrix
metalloproteinase-9 (MMP-9) in prelabor rupture of membranes
(PROM) and preterm PROM (PPROM) by integrating histological
analysis  with  bioinformatics-based molecular network
assessment.

Methods: Placental tissue samples were collected from 25
control, 25 PROM, and 25 PPROM cases. MMP-9 expression was
analyzed via immunohistochemistry, and histological changes
were examined. Modular network analysis of MMP-9 was
performed using Cytoscape and STRING databases, with
clustering conducted using the MCODE plugin and functional
enrichment assessed via Enrichr platform. P-values less than 0.05
were considered statistically significant.

Results: Immunohistochemical analysis revealed a progressive
increase in MMP-9 expression from control to PROM and PPROM
placentas, with the highest expression observed in PPROM cases.
Structural disruptions, including fibrin deposition and connective
tissue irregularities, were more pronounced in PPROM (p<0.05).
Network analysis identified four MMP-9-associated molecular
clusters, of which two were significantly enriched in key
biological pathways (p<0.05). Module 1 was associated with
interleukin signaling (IL-4, IL-10, and IL-13) and extracellular
matrix (ECM) degradation, while Module 2 was linked to
neutrophil degranulation and collagen breakdown.

Conclusion: These findings indicate that MMP-9 plays a crucial
role in ECM remodeling and inflammatory activation,
contributing to membrane weakening and rupture in PROM and
PPROM. The identified molecular clusters and signaling
pathways provide insights into the underlying mechanisms and
highlight MMP-9 as a therapeutic target for preventing
premature rupture of membranes.

Keywords: MMP-9, prelabor rupture of membranes, placenta,
immunohistochemistry, bioinformatics
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Amag: Bu c¢alisma, matriks metalloproteinaz-9 (MMP-9)
ekspresyonunun preterm dogum 6ncesi membran riiptiri (PROM)
ve preterm PROM (PPROM) patogenezindeki roltini histolojik ve
biyoinformatik yaklagimlarla arastirmayi amaglamaktadir.

Yontem: Calismada 25 kontrol, 25 PROM ve 25 PPROM vakasindan
plasental doku &rnekleri toplandi. MMP-9 ekspresyonu
immiinohistokimya yontemiyle analiz edildi ve histolojik
degisiklikler incelendi. MMP-9 moddler ag analizi Cytoscape ve
STRING veri tabanlari kullanilarak gergeklestirildi; kiimelenme
MCODE eklentisiyle tespit edildi ve fonksiyonel zenginlestirme
analizi Enrichr platformu kullanilarak yapildi. P<0,05 olan degerler
istatistiksel olarak anlamli kabul edildi.

Bulgular: immiinohistokimyasal analiz  sonuglari,  kontrol
grubundan PROM ve PPROM’a dogru MMP-9 ekspresyonunun
kademeli olarak arttigini ve en yiiksek seviyeye PPROM vakalarinda
ulastigini ortaya koydu (p<0,05). Fibrin birikimi ve bag dokusundaki
duzensizlikler, 6zellikle PPROM grubunda daha belirgindi. Yolak
analizinde, MMP-9 ile iliskili dort molekiler kiime tespit edildi;
bunlardan ikisi biyolojik agidan 6nemli yolaklarla anlamli diizeyde
zenginlesme gosterdi (p<0,05). Modiil 1, interlokin sinyallesmesi
(IL-4, IL-10 ve IL-13) ve ekstrasellilar matriks (ECM) yikimi ile
iliskilendirilirken, Modul 2 nétrofil degranilasyonu ve kollajen
yikimi ile baglantil olarak bulundu.

Sonug: Bu bulgular, MMP-9’un ECM yeniden sekillenmesi ve
inflamatuar aktivasyonda kritik bir rol oynadigini ve bunun
membran zayiflamasi ve rlptirine katkida bulundugunu
gostermektedir. Belirlenen molekiler kiimeler ve sinyal yollari,
PROM ve PPROM’un altinda yatan mekanizmalara isik tutmakta ve
MMP-9’u potansiyel terapotik hedef olarak 6ne gikarmaktadir.

Anahtar Kelimeler: MMP-9, dogum Oncesi membran rlpturd,
plasenta, immiinohistokimya, biyoinformatik
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Introduction

The membranes typically rupture during labor. Prelabor
rupture of membranes (PROM) occurs before the
membranes begin labor after the 37th week.! Preterm
PROM (PPROM) is defined as the rupture of membranes
before 37 weeks of gestation. It contributes to 40% to
50% of all preterm births. Preterm PROM contributes
more to neonatal mortality and morbidity than any other
disease group.?* The interaction of physiological
weakening of the membranes with the pressure caused
by uterine contractions and intraamniotic infection are
the major risk factors for PROM. Risk factors for PPROM
include a history of PROM, short cervix length, second or
third trimester vaginal bleeding, excessive uterine
distension, low body mass index (BMI), and smoking.
Timely and accurate diagnosis of PROM is essential for
the continuation of pregnancy and prevention of
neonatal mortality and morbidity.>®

PPROM can be triggered by bacterial infection or
inflammation of the membranes, known as
chorioamnionitis. Amniochorion membranes derive their
tensile strength from a collagen-rich extracellular matrix
(ECM); therefore, it is of great importance to understand
the enzymes and processes that can degrade the
membrane ECM. Matrix metalloproteinases (MMPs) are
a class of enzymes that can degrade collagen and other
components of the ECM and can be induced by
inflammation.” Matrix metalloproteinase-9 (MMP-9) is
the primary MMP involved in normal labor and also plays
an important role in pathological labor. MMP-9 is the
most active MMP in the amnion and has been found to
be significantly increased in amniotic membranes after
the onset of contractions. Matrix metalloproteinase, also
known as matrixin, plays an important role in the
breakdown and remodeling of the ECM, ultimately
causing both preterm labor and PPROM. PPROM
increases MMP-9 concentrations in amniotic fluid,
causing amniotic fluid infection, threatened preterm
labor, and poor birth outcome. Manipulation of MMP
may play a role in preventing spontaneous preterm
labor.®

Given its critical role in ECM remodeling and
inflammation-induced membrane rupture, this study
aims to elucidate the contribution of MMP-9 to PROM
and PPROM pathophysiology through histopathological
and in silico approaches by analyzing its interactions with
key protein networks involved in these processes.

Methods

Placenta Collection

This study was conducted with the approval of the Non-
Interventional Clinical Ethics Committee, Dicle University
Faculty of Medicine (date 20.12.2023 and number
2023/6). In the study, pregnant women aged between
18-49 vyears and without any systemic disease or
secondary disease were examined at the Gynecology and
Obstetrics Clinic of Dicle University Faculty of Medicine.
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The patient groups consisted of 25 term pregnant women
who gave birth in hospital with the diagnosis of PROM
and 25 PROM pregnant women. The control group
consisted of 25 pregnant women who gave birth in
hospital with the diagnosis of healthy pregnancy.
Placental tissue samples were taken from all three
groups. The patients whose placental tissues would be
collected after delivery were informed about the study
and their informed consent was obtained.

Placenta Tissue Preparation

Placenta tissues taken from the maternity clinic after
delivery were reduced in size in a manner suitable for
histological follow-up. Placenta tissues were first kept in
formalin solution for one day. Then, they were kept in
running water overnight. Placenta tissues were passed
through an ascending ethanol series (50%, 70%, 80%,
90%, 96% and absolute ethyl alcohol) to remove water
from the tissues. Tissues were kept in xylene solution 3
times for 30 minutes to remove alcohol. Then, tissues
were taken in molten paraffin liquid at 58°C. In the final
stage, tissues were embedded in paraffin blocks and 4-6
um thick sections were taken with a microtome (catalog
no: Leica RM2265, Wetzlar, Germany).®

Hematoxylin-Eosin Staining

Sections obtained from paraffin blocks of placental
tissues were placed in a bain-marie set at 50°C. Sections
were left in a 60°C oven overnight to allow the tissues on
the sections to stick to the slide and to melt excess
paraffin. Sections were removed from the oven, left at
room temperature and allowed to cool. To remove
paraffin residues from the sections, sections were kept in
renewed xylene solutions for 15 minutes three times.
After excess paraffin melted, sections were kept in a
decreasing ethanol series (100%, 96%, 90%, 70%, 50%
ethyl alcohol) for 10 minutes and excess alcohol was
cleaned in distilled water. Harris hematoxylin stain was
first applied to the sections for 8 minutes. Sections were
kept under tap water for 5 minutes to clean excess
staining. Then, the cleaned sections were kept in
alcoholic (5%) eosin for 6 minutes. After the staining
stage was completed, the sections were quickly dipped in
a rapidly rising ethanol series. In order for the tissue in
the sections to appear clear and clean, the sections were
kept in xylene solutions for 3x15 minutes. Covering
medium was added to the sections, they were covered
with a slide and stored for examination.°

Immunohistochemical Staining

Sections were washed in phosphate buffer solution (PBS)
for 3x5 minutes. After epitope retrieval in ethyl diamine
tetra-acetic acid (EDTA) solution (pH: 8.0, catalogue no:
ab93680, Abcam, Cambridge, USA), sections were
treated with hydrogen peroxide solution (catalogue no:
TA-015-HP, ThermoFischer, Fremont, CA, USA) for 20
minutes. Nonspecific staining was blocked with blocking
solution (catalog no: TA-015-UB, ThermoFischer,
Fremont, CA, USA) Primary antibody MMP-9 (catalog no:
sc-393859, Santa Cruz Biotechnology, Heidelberg,
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Germany, dilution ratio: 1/100) was dipped onto the
tissues and left overnight at +4°C. following biotinylated
secondary  antibody (catalog no:  TP-015-BN,
ThermoFischer, Fremont, CA, USA), biotin-streptavidin
complex was formed (catalog no: TS-015-HR,
ThermoFischer, Fremont, CA, USA). Diaminobenzidine
(DAB) (catalog no: TA-001-HCX, ThermoFischer, Fremont,
CA, USA) was used as a chromogen. Gill lll hematoxylin
staining was used as a counter stain. Sections were
quickly passed through an increasing ethanol series,
cleared in xylene and mounted analyze and visualize with
a Zeiss Imager A2 light microscope.!!

Semi-quantitative Histological Scoring

For the semiquantitative assessment of MMP-9
expression, staining intensity was measured using Image)
software (version 1.53, http://imagej.nih.gov/ij). Ten
microscopic fields per sample were analyzed in each
group, and the quantification results were documented.
Brown coloration indicated positive antibody staining,
whereas blue represented negative staining. Signal
intensity (expression) within each area was obtained by
dividing the stained antibody area by the total examined
area. For each sample, the ratio of positively stained area
relative to the total area was calculated across ten fields,
and subsequently, a mean value for each group was
determined. These mean values were then used for
semiquantitative immunohistochemical scoring.

Statistical Analysis

The statistical analysis of our study was performed using
IBM SPSS 29.0 software (IBM, Armonk, New York, USA).
Shapiro-Wilk’s test was used to assess the normality
assumption. Continuous variables were presented as
mean * standard deviation (SD). Comparisons of more
than two groups were carried out with the one-way
analysis of variance (ANOVA), and pairwise group

Table 1. Clinical and demographic of patients

comparisons were made with the Tukey and Dunnett
tests. Significance was considered for p values <0.05.

Modular Network and Enrichment Analysis of MMP-9
Protein Targets

To investigate the potential mechanisms associated with
MMP-9 in PROM and PPROM, a modular network and
pathway enrichment analysis was conducted. Initially, a
protein-protein interaction (PPI) network was generated
in Cytoscape (v.10.3.3) using the Search Tool for the
Retrieval of Interacting Genes/Proteins (STRING)
database, incorporating an additional 100 interacting
proteins. The confidence score threshold was set at
0.400. Subsequently, module identification was
performed using the MCODE plugin in Cytoscape to
detect functionally relevant clusters within the PPI
network. The MCODE parameters were defined as
follows: maximum depth=100, node score cutoff=0.2,
degree cutoff=2, and K-core=2. The identified modules
were further analyzed for functional and pathway
enrichment using the Reactome database via the Enrichr
platform. Pathways with a p-value less than 0.05 were
considered statistically significant, and the top 10
enriched pathways were ranked based on ascending p-
values for further interpretation.

Results

Demographic properties of patients

The clinical and demographic characteristics of the study
groups are summarized in Table 1. Maternal age and BMI
did not differ significantly among the groups (p> 0.05).
However, gravida and parity were significantly higher in
PROM and PPROM cases (p<0.05). Gestational age at
delivery and birth weight were significantly lower in
these groups, with the most pronounced decrease in
PPROM (p<0.001).

Parameters (n=25) Control PROM PPROM Significance
(mean % SD) (mean % SD) (mean % SD)

Maternal age, year 28.35+3.57 32.34+2.68 34.72+£2.28 p>0.05
Gravida, n 1.73+0.58 3.47 +1.28 4.72 +2.28 p<0.05
Parity, n 1.10£0.45 2.25+1.12 2.87 £1.66 p<0.05
Gestational age at delivery, week 38.61+1.15 35.24+2.26 32.15+2.43 p<0.001
Birth weight, gr 3815.27 +357.49 2504.29 +415.82 2147.72 +358.46 p<0.001
BMI, kg/m? 28.25+4.58 30.57+4.75 31.24+3.86 p>0.05

SD: Standard deviation

PPROM and PPROM Showed Significant Increase in (Figure 1B) showed increased MMP-9 expression

MMP-9 Expression

Images labeled A, B, and C represent placentas from
control, PROM, and PPROM groups, respectively,
immunostained for MMP-9 (Figure 1). In the control
group (Figure 1A), there was mild expression of MMP-9
in chorionic villi, which exhibited preserved structural
integrity, regular connective tissue distribution, and low-
level staining in the trophoblast layer. The PROM group
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compared to controls, with noticeable fibrin deposition,
mild villous irregularities, and increased staining intensity
in the trophoblast layer. Furthermore, moderate
congestion was observed in the intervillous spaces. The
PPROM group (Figure 1C) demonstrated significantly
elevated and widespread MMP-9 expression along with
pronounced fibrin accumulation, notable disruption of
villous structural integrity, marked irregularities in
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connective tissue, and intense staining within the
trophoblast layers. Semi-quantitative measurement of
MMP-9 expression in groups were presented in Figure
1D. Statistically, MMP-9 expression was increased in
PROM and PPROM groups compared to control group,
however, no statistical difference was observed between

PROM and PPROM groups. These findings suggest that
MMP-9 expression is progressively enhanced from
control to PROM and most markedly in PPROM,
correlating with structural disruptions and increased
fibrin deposition.
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Figure 1. Cross sections of placental tissue in A: Control, B: PROM, C: PPROM groups.: A close-up of MMP-9 expression in placental tissues. D: Semi-
quantitative MMP-9 expression in groups. inset Arrow: chorionic villus, ct: connective tissue, fb: fibrin deposition, *: capillary, star: intervillous area. MMP-

9 immune staining, inset: Scale Bar: 20 um (magnification: 40X).
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Modular Network Identification and Functional
Enrichment Analysis of MMP-9 PPl Network

Modular network analysis of the MMP-9 PPl network
identified four distinct clusters (Figure 2A). However,
Module 3 (4 proteins) and Module 4 (3 proteins) were
excluded from further analysis due to their small size and
lack of biologically meaningful interaction networks.
Functional annotation was performed on Module 1 (66
proteins) and Module 2 (13 proteins), which exhibited
significant enrichment in pathways related to immune
signaling, ECM remodeling, and inflammatory processes.
Module 1 was primarily associated with Interleukin
signaling (IL-4, IL-10, and IL-13), cytokine regulation, and
ECM degradation, while Module 2 showed enrichment in
neutrophil degranulation, innate immune response, and
collagen degradation (Figure 2B).

Discussion

PROM refers to the spontaneous rupture of fetal
membranes before the onset of labor at term (=37 weeks
of gestation). PPROM occurs before 37 weeks of
gestation and is associated with significant maternal and
neonatal complications, including preterm birth,
neonatal sepsis, and increased perinatal morbidity and
mortality.”* MMP-9 is a member of the MMP family,
which plays a critical role in ECM remodeling.’2 MMP-9 is
primarily involved in degrading type IV collagen, a major
component of the fetal membranes. Increased MMP-9
activity has been implicated in the weakening of the
amniotic sac, contributing to membrane rupture. Its
dysregulation has been associated with pathological
conditions such as premature rupture of membranes,
chorioamnionitis, and preterm labor.*

The pathophysiology of PROM and PPROM involves
complex biochemical and mechanical processes.
Inflammatory cytokines such as IL-6, IL-1B, and TNF-a
upregulate MMP-9 expression, leading to ECM
degradation and membrane weakening.'* Increased
reactive oxygen species (ROS) contribute to ECM
degradation by stimulating MMP-9 expression. Microbial
invasion of the amniotic cavity triggers an immune
response, enhancing MMP-9 production and leading to
premature membrane rupture.’® Excessive mechanical
forces on the fetal membranes may activate MMP-9,
promoting ECM breakdown and membrane rupture.®
Our study demonstrated that MMP-9 expression was
significantly elevated in PROM and PPROM placental
tissues compared to the control group, with the highest
expression observed in PPROM cases. These findings
align with previous studies suggesting that excessive
MMP-9 activity contributes to preterm membrane
rupture and premature delivery. Studies have reported
increased MMP-9 expression in preterm labor,
particularly in cases associated with infection and
inflammation. MMP-9 levels in amniotic fluid were
significantly higher in patients with PPROM, correlating
with microbial invasion and inflammatory responses.
Furthermore, higher MMP-9 concentrations have been
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observed in fetal membranes of PPROM cases compared
to term pregnancies, supporting the role of ECM
degradation in preterm rupture.l”'® In addition, our
findings are consistent with the hypothesis that MMP-9-
mediated degradation of type IV collagen weakens the
fetal membranes, making them susceptible to rupture.
This mechanism is exacerbated in PPROM due to
persistent inflammatory stimulation and infection-
associated upregulation of MMP-9.

The clinical significance of our findings highlights the
potential role of MMP-9 as a biomarker for predicting
membrane integrity and the risk of preterm birth.
Elevated MMP-9 levels in placental tissues and amniotic
fluid may serve as an early indicator of membrane
weakening, guiding clinical decisions regarding patient
management. Targeted Therapies: Inhibitors of MMP-9
(e.g., tissue inhibitors of metalloproteinases) may be
explored as therapeutic agents to prevent premature
membrane rupture in high-risk pregnancies. MMP-9
expression profiling in amniotic fluid or maternal blood
could help identify women at risk for PROM and PPROM,
allowing for early intervention strategies. Patients with
elevated MMP-9 levels could benefit from close
monitoring, prophylactic antibiotics (in cases of
suspected infection), and corticosteroid administration
to improve neonatal outcomes.'*?°

Our bioinformatics analysis identified two key MMP-9-
associated molecular clusters in PROM and PPROM,
revealing distinct yet interconnected mechanisms.
Module 1 was enriched in immune signaling pathways,
notably interleukins (ILs) IL-4, IL-10, and IL-13, while
Module 2 was primarily associated with neutrophil
degranulation, innate immune activation, and collagen
degradation. These findings align with our histological
results, which showed progressively increased MMP-9

expression from control to PROM and PPROM,
suggesting its role in extracellular matrix (ECM)
remodeling  and immune-mediated membrane

weakening. The enrichment of cytokine signaling
pathways in Module 1 implies that dysregulated immune
responses may contribute to PROM and PPROM
progression by promoting ECM degradation. Similarly,
the pathways identified in Module 2 highlight the role of
innate immune activation and proteolytic enzyme
release in weakening fetal membranes. These
observations are consistent with previous studies
demonstrating MMP-9 upregulation in preterm labor,
infection-induced inflammation, and preterm membrane
rupture.?t?? For instance, elevated MMP-9 levels have
been detected in fetal plasma of cases with preterm
PROM, implicating its role in membrane rupture
mechanisms. Additionally, activated neutrophils have
been shown to upregulate MMP-9 and prostaglandin E2
release in fetal membranes, contributing to their
weakening.’®22 Moreover, studies have shown that
increased MMP-9 expression is associated with the
degradation of type IV collagen in fetal membranes,
leading to their weakening and rupture.?® This suggests
that MMP-9-mediated ECM remodeling plays a crucial
role in the pathogenesis of PROM and PPROM. On the
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other hand, polymorphisms in the MMP-9 promoter
region have been linked to altered enzyme expression,
potentially influencing individual susceptibility to PROM
and PPROM.2?* Together, the integration of our modular
network analysis with histological and literature-based
evidence suggests that MMP-9 contributes to membrane
weakening via IL-driven immune responses and
neutrophil-mediated proteolytic activity. Moreover, its
association with type IV collagen degradation and genetic
polymorphisms further supports its involvement in
membrane instability. Collectively, these insights
highlight MMP-9 as a potential biomarker and
therapeutic target, highlighting the importance of
continued investigation into its regulatory pathways and
potential therapeutic approaches.

This study provides valuable insights into the role of
MMP-9 in PROM and PPROM through an integrated
histopathological ~and  bioinformatics  approach.
However, several limitations should be acknowledged.
First, the sample size, while balanced across groups,
remains relatively small, potentially limiting the
statistical power and generalizability of the findings.
Second, while the study utilized immunohistochemical
methods to assess MMP-9 expression, quantitative
assays such as ELISA or Western blotting could provide a
more precise evaluation of protein levels. Third, the
bioinformatics network analysis was based on publicly
available databases and predicted interactions, which
may not fully capture tissue-specific or gestational age-
specific variations in protein-protein interactions.
Additionally, functional validation of the identified
molecular clusters and pathways was not performed,
leaving open questions regarding the causal role of these
pathways in membrane rupture. Future studies should
aim to validate these findings in larger, multicentric
cohorts and include in vitro or ex vivo experimental
models to elucidate the functional consequences of
MMP-9 modulation. Investigating upstream regulatory
mechanisms and potential MMP-9 inhibitors may offer
novel therapeutic avenues for preventing PROM and
PPROM, especially in high-risk pregnancies. Furthermore,
longitudinal studies examining the temporal dynamics of
MMP-9 expression could improve understanding of its
role in the progression from membrane weakening to
rupture.

In conclusion, this study highlights MMP-9’s pivotal role
in PROM and PPROM pathogenesis, demonstrating its
increased expression in placental tissues, particularly in
PPROM cases, and its contribution to ECM remodeling
and inflammatory activation leading to membrane
rupture. A key novelty of this study is the integration of
bioinformatics-driven  modular network analysis,
identifying the specific protein clusters through which
MMP-9 exerts its effects. These clusters are primarily
involved in immune signaling, neutrophil degranulation,
and ECM degradation, shedding light on the molecular
interactions underlying membrane weakening and
preterm birth risk. Additionally, the findings support the
hypothesis that excessive MMP-9 activity disrupts type IV
collagen, making fetal membranes more vulnerable,

181

especially in the presence of chronic inflammation and
infection. By combining histological analysis with
network-based profiling, this study offers a systems
biology perspective, providing potential biomarkers and
therapeutic targets for preventing preterm birth in high-
risk pregnancies. These insights highlight MMP-9 as a
crucial mediator in PROM and PPROM, emphasizing the
need for further research into its regulatory mechanisms
and therapeutic targeting to improve maternal-fetal
health outcomes.
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ABSTRACT

Objective: To evaluate the incidence, clinical characteristics, and
treatment outcomes of congenital hypothyroidism (CH)
identified through neonatal screening in Mugla province, with a
particular focus on differentiating between transient and
permanent CH.

Methods: This retrospective study included 95 infants referred
between 2020 and 2022 due to elevated thyroid-stimulating
hormone (TSH) levels detected through heel-prick screening.
Demographic, clinical, and biochemical data were collected.
Infants were classified either as diagnosed and treated CH cases
or as having transient TSH elevation without requiring
treatment. Among the treated cases, CH was further categorized
as transient or permanent based on follow-up findings. The
predictive value of the levothyroxine (LT4) dose at six months of
age was also analyzed.

Results: The average annual incidence of CH was 114.4 per
100,000 live births. Of the 95 infants, 33 (34.7%) received
treatment for CH, while 62 (65.3%) had transient TSH elevation
and did not require treatment. Among the treated cases, 19
(57.6%) were diagnosed with permanent CH and 14 (42.4%) with
transient CH. The mean LT4 dose at six months was significantly
lower in transient cases compared to permanent ones. LT4 dose
cut-off value of 3.35 pg/kg/day at six months demonstrated high
sensitivity and moderate specificity in predicting transient CH.

Conclusion: The incidence of CH in Mugla province exceeds
global averages, with a notable proportion of transient cases.
The LT4 dose at six months may serve as a useful marker for
differentiating between transient and permanent CH, enabling
more individualized follow-up and management strategies.

Keywords: Congenital hypothyroidism, neonatal screening,
levothyroxine, transient hypothyroidism, permanent
hypothyroidism
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Amag: Bu calismada, Mugla ilinde yenidogan taramasi ile saptanan
konjenital hipotiroidi (KH) olgularinin insidansi, klinik 6zellikleri ve
tedavi sonuglari degerlendirilmis; gegici ve kalici KH ayrimi Gzerine
odaklanilmistir.

Yontem: Bu retrospektif ¢alismaya, 2020-2022 vyillar arasinda
topuk kani taramasinda tiroid stimilan hormon (TSH) duzeyi
yuksekligi nedeniyle yonlendirilen 95 bebek dahil edilmistir.
Demografik, klinik ve biyokimyasal veriler kaydedilmistir. Bebekler,
KH tanisi alip tedavi baslananlar ve tedavi gerektirmeyen gegici TSH
yuksekligi olanlar seklinde iki gruba ayrilmistir. Tedavi baslananlar
ise takip sonuglarina gore gegici veya kalict KH olarak
siniflandinlmistir.  Altinci  ayda uygulanan levotiroksin  (LT4)
dozunun ayirt edici degeri ROC analizi ile degerlendirilmistir.

Bulgular: Yillik ortalama KH insidansi 100.000 canli dogumda 114,4
olarak saptanmistir. 95 bebegin 33’Une (%34,7) tedavi baslanmis,
62’si (%65,3) tedavi gerekmemistir. Tedavi alanlar arasinda 19'u
(%57,6) kalici, 14’G (%42,4) gegici KH olarak siniflandiriimistir.
Altinci ayda LT4 dozu gegici KH grubunda anlamli olarak daha
dusuktd. 3,35 pg/kg/giin kesim degeri, gegici KH'yi %100 duyarlik
ve %63,2 ozglillikle 6ngdrmustir (AUC: 0,925).

Sonug: Mugla ilinde KH insidansi kiiresel ortalamanin tzerindedir
ve 6nemli bir kismi gegicidir. Altinci aydaki LT4 dozu, gegici ve kalici
KH ayriminda faydal bir belirteg olabilir ve bireysellestirilmis takip
stratejilerine katki saglayabilir.

Anahtar Kelimeler: Konjenital hipotiroidi, yenidogan taramasi,
levotiroksin, gegici hipotiroidi, kalici hipotiroidi
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Introduction

Congenital hypothyroidism (CH) is a leading cause of
preventable intellectual disability when not diagnosed
and treated early. Since affected neonates are typically
asymptomatic, clinical recognition without systematic
screening is challenging.! Newborn screening programs
enable early biochemical detection and timely treatment.
When levothyroxine (LT4) therapy is initiated within the
first two weeks of life, affected children can achieve
neurodevelopmental outcomes comparable to those of
their healthy peers.?

In Tiirkiye, a nationwide newborn screening program for
CH has been in place since 2006 under the coordination
of the Ministry of Health. Thyroid-stimulating hormone
(TSH) levels are measured from heel-prick blood samples
collected between the third and fifth days of life.
According to national guidelines, infants with a TSH value
>20 plU/mL in the first sample or >5.5 plU/mL in a second
sample are referred to pediatric endocrinology centers
for confirmatory evaluation.®* This structured approach
has enabled earlier diagnosis and improved access to
treatment.

Before nationwide screening, incidence estimates in
Tirkiye were based on regional studies, ranging from 1 in
2736 to 1 in 2326 live births.>® Following the program’s
launch, reported CH incidence rose sharply—reaching 1
in 888 in 2008 and 1 in 469 in 2010.7 Similar increases
occurred in other countries such as the United States and
Canada, likely due to enhanced screening protocols and
lower TSH thresholds.®® In Tiirkiye, the screening TSH cut-
off was initially set at 20 plU/mL and later reduced to 10
plU/mL, allowing earlier detection of borderline and
subclinical cases.'®

As sensitivity has improved, an increasing proportion of
infants diagnosed with CH are now identified as having
transient rather than permanent disease. This shift is
particularly evident in regions where iodine deficiency or
perinatal factors contribute to temporary disruptions in
thyroid function.! Turkish studies report wide variation in
the proportion of transient CH among screen-positive
infants. For instance, Kara et al. found that 52% of treated
infants were ultimately classified as transient, while
Asena et al. reported a rate of 24% in a different regional
cohort.1®! Sych variability highlights the importance of
early distinction to avoid unnecessary prolonged
treatment.

Current guidelines recommend re-evaluation after age
three for children without definitive diagnosis, usually via
monitored LT4 withdrawal.%? However, in clinical
practice, early differentiation remains challenging, as
both transient and permanent CH can initially present
with similar biochemical profiles. While imaging findings
such as thyroid agenesis or ectopy can suggest a
permanent etiology, most screen-positive infants have

eutopic glands, making diagnosis less
straightforward.10:12:13
In recent years, treatment response—particularly

levothyroxine dosage during follow-up—has been
explored as a potential surrogate marker for predicting
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disease course. Several studies have demonstrated that
lower levothyroxine doses at specific intervals are
associated with transient CH, though the proposed cut-
off values and predictive accuracies vary.%4

This study aimed to evaluate the incidence, clinical
characteristics, and outcomes of infants referred with
abnormal TSH through newborn screening in the Mugla
province of Turkiye over three years. Particular attention
is given to the distribution of transient and permanent CH
and to the evaluation of early treatment parameters—
specifically levothyroxine dose at six months—as
potential predictors of disease permanence.

Methods

This retrospective cohort study was conducted to
evaluate the incidence and characteristics of CH
diagnosed through the neonatal screening program in
Mugla province between January 1, 2020, and December
31, 2022. Data were obtained from hospital records of
infants who were referred due to elevated TSH levels (>10
ulU/mL) on neonatal screening and were subsequently
evaluated clinically and biochemically by a pediatric
endocrinologist.

Neonatal screening in Turkiye is a nationwide,
government-funded program initiated by the Turkish
Ministry of Health, which screens all newborns for
congenital hypothyroidism using TSH measurement from
heel-prick blood samples collected within the first 48-72
hours of life. The TSH threshold was progressively
lowered over time, and a cut-off of 10 ulU/mL is currently
used to prompt referral for further evaluation.”*°

Live birth data for the corresponding years were obtained
from the Turkish Statistical Institute and used to calculate
annual incidence rates. >/

For each infant, demographic, clinical, and biochemical
parameters were recorded, including sex, birth weight,
age at diagnosis, TSH and free T4 levels at presentation,
maternal and family history of hypothyroidism, and
thyroid  ultrasonography findings.  Levothyroxine
treatment was initiated in infants with persistent TSH
elevation (>10 plU/mL) and/or decreased free T4 levels,
in accordance with guidelines.? The initial LT4 dose
ranged between 10-15 pg/kg/day depending on the
severity of hypothyroidism.

Patients were classified into two main categories based
on their clinical evaluation and treatment course. The first
group consisted of infants who were diagnosed with
congenital hypothyroidism and initiated on levothyroxine
therapy due to persistently elevated TSH levels and/or
low free T4 concentrations. The second group included
those who exhibited transient neonatal TSH elevation but
did not require any treatment following confirmatory
testing, as their thyroid function normalized
spontaneously without pharmacologic intervention.
Among treated patients, a further distinction was made
between permanent and transient CH based on follow-up
findings. Children were followed with regular clinical and
biochemical assessments. At approximately 3 years of
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age, a trial off therapy was performed by discontinuing
LT4 for 4—-6 weeks, followed by evaluation of serum TSH
and free T4 levels. CH was considered permanent if
abnormal thyroid function persisted after treatment
cessation or if structural thyroid abnormalities (agenesis,
ectopy, hypoplasia) were evident on imaging.}?
Conversely, CH was defined as transient in children who
demonstrated normal thyroid function and did not
require LT4 re-initiation during follow-up.

This study was approved by the Medical Sciences Ethics
Committee of Mugla Sitki Kogman University (Decision
date: December 5, 2024; Protocol No: 240222; Decision
No: 157).

Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics version 25.0 (IBM Corp., Armonk, NY, USA). The
normality of continuous variables was assessed using
both visual methods (histograms, probability plots) and
analytical tests (Kolmogorov-Smirnov and Shapiro-Wilk).
Variables with normal distribution were presented as
mean +* standard deviation, while non-normally
distributed variables were presented as median and
interquartile range (IQR). Categorical variables were
expressed as percentages. Group comparisons were
conducted using the independent samples t-test or
Mann-Whitney U test for continuous variables and the
Chi-square or Fisher’s exact test for categorical variables.
A p-value of <0.05 was considered statistically significant.
The Youden index was used to determine the optimal cut-
off value for levothyroxine (LT4) dose in the ROC curve
analysis.

Results

Live birth data for the corresponding years were retrieved
from the Turkish Statistical Institute (TUIK): 9,952 in 2020,

9,643 in 2021, and 9,256 in 2022. The annual incidence of
CH was calculated by dividing the number of confirmed
cases by the total number of live births per year and
multiplying by 100,000.

A total of 95 infants were included in the study. Of these,
33 (34.7%) were diagnosed with congenital
hypothyroidism and started on levothyroxine therapy,
while 62 (65.3%) were followed without treatment due to
transient neonatal TSH elevation. Among the 33 treated
cases, 19 (57.6%) were classified as permanent CH and 14
(42.4%) as transient CH after follow-up (Table 1).

The mean birth weight of the cohort was 3,169 + 459.7
grams, and all infants were born at term. The median age
at first evaluation was 16 days (IQR: 12). The yearly
incidence of CH was 160.7 per 100,000 live births in 2020,
72.6 in 2021, and 108.0 in 2022. The average annual CH
incidence over the three years was 114.4 per 100,000 live
births, equivalent to 1 in 874. The mean annual incidence
of permanent CH was 65.9 per 100,000 (1/1,517), and for
transient CH, it was 48.5 per 100,000 (1/2,062).

Thyroid ultrasonography was available for 35 treated
infants; 32 had normal thyroid anatomy, 2 had thyroid
agenesis, and 1 had thyroid hypoplasia. The median TSH
and free T4 values at diagnosis were 81.9 mIU/L (IQR: 48)
and 8.6 ng/dL (IQR: 5.4) in treated cases, compared to
13.2 mIU/L (IQR: 8.1) and 18 ng/dL (IQR: 3.4) in untreated
cases (p<0.001 for both) (Table 1).

The median treatment initiation age was 20 days (IQR:
16), and the mean starting dose of levothyroxine was 10.9
+ 4.1 ug/kg/day. At 6 months, the mean dose was 2.3 +
0.5 pg/kg/day in the transient group and 3.6 * 0.7
ug/kg/day in the permanent group (p<0.001) (Table 2).
The ROC curve analysis revealed that a levothyroxine
dose <3.35 pg/kg/day at 6 months predicted transient CH
with 100% sensitivity and 63.2% specificity (AUC: 0.925;
95% Cl: 0.84-1.00; p<0.001) (Figure 1).

Table 1. Comparison of demographic and clinical characteristics between infants diagnosed with Congenital Hypothyroidism and those

with transient neonatal TSH elevation

Parameter CH Group Transi?nt TSH p-value
(n=33) Elevation (n = 62)

Sex (Female/Male) 18/ 15 22 /40 0.07
Family history of hypothyroidism (%) 9(27.3%) 11 (17.7%) 0.27
Maternal hypothyroidism history (%) 11 (33.3%) 32 (51.6%) 0.08
Birth weight (g), mean £ SD 3145 +487.5 3182 +447.7 0.61
Age at initial evaluation (days), median (IQR) 20 (14.5) 14 (9.2) <0.001
TSH (mIU/L), median (IQR) 81.9 (48.0) 13.2 (8.1) <0.001
Free T4 (ng/dL), median (IQR) 8.6 (5.4) 18.0(3.4) <0.001
Thyroid ultrasound findings (n) 28 7 <0.001

Normal 25 7

Agenesis 2 0

Hypoplasia 1 0

P-values were calculated using the Mann—Whitney U test for non-normally distributed variables (presented as median and IQR) and the
independent samples t-test for normally distributed variables (presented as mean + SD).
IQR: interquartile range, SD: Standard deviation, CH: Congenital Hypothyroidism, TSH: thyroid-stimulating hormone
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Table 2. Comparison between permanent and transient congenital hypothyroidism within the treated group

Parameter Transient CH Permanent CH p-value
(n=14) (n=19)

Sex (Female/Male) 9/5 9/10 0.33
Family history of hypothyroidism (%) 4 (28.6%) 5(26.3%) 0.88
Maternal hypothyroidism history (%) 5(37.4%) 6(31.6%) 0.80
Birth weight (g), mean + SD 3174 + 464 3124 £ 515 0.07
Age at initial evaluation (days), median (IQR) 17 (13.7) 26 (14.0) 0.08
TSH (mIU/L), median (IQR) 72.5(71.0) 95.0 (41.0) 0.21
Free T4 (ng/dL), median (IQR) 8.1(5.6) 8.7 (6.2) 0.82
Thyroid ultrasound findings (n) 14 14 0.05

Normal 14 11

Agenesis 0 2

Hypoplasia 0 1
Initial levothyroxine dose (ug/kg/day), mean +SD  11.5+4.6 10.5+3.6 0.49
LT4 dose at 6 months (ug/kg/day), mean £ SD 2.3+0.5 3.6+0.7 <0.001

P-values were calculated using the Mann—Whitney U test for non-normally distributed variables (presented as median and IQR) and the
independent samples t-test for normally distributed variables (presented as mean + SD).
IQR: interquartile range, SD: Standard deviation, CH: Congenital Hypothyroidism, TSH: thyroid-stimulating hormone, LT4: levothyroxine

ROC Curve for Predicting Transient Congenital Hypothyroidism
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Figure 1. Receiver Operating Characteristic (ROC) Curve for Predicting Transient Congenital Hypothyroidism Based on the Levothyroxine
Dose at 6 Months. The optimal cut-off value of the levothyroxine dose at 6 months for predicting transient congenital hypothyroidism
was determined to be 3.35 pg/kg/day, with a sensitivity of 100%, specificity of 63.2%, and an area under the curve (AUC) of 0.925 (95%
confidence interval: 0.84-1.00; p<0.001).
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Discussion

The incidence of CH observed in this province during the
years 2020-2022 was approximately 114 per 100,000 live
births (1 in 874), which is notably higher than the
classically reported global range of 1:2000 to 1:3000
births. This elevated incidence is consistent with
previously published national screening reports from
Turkiye and with findings from other iodine-deficient
regions, such as parts of Iran, where incidence rates have
been reported as high as 1:500 to 1:800.78 In Turkiye,
national newborn screening data showed a marked
increase in CH detection after the implementation of
universal screening in 2006, with incidence rates rising
from 1:888 in 2008 to 1:469 in 2010.7 Our findings align
with this trend and may reflect both methodological
changes and region-specific risk factors.

A key factor contributing to the rising CH incidence is the
progressive lowering of TSH cut-off values used in
neonatal screening. In Tirkiye, the threshold was reduced
from 20 to 10 plU/mL, increasing the likelihood of
detecting milder or transient forms of CH.!° Similar
effects have been observed internationally in countries
that lowered screening thresholds.® Additionally, factors
such as prematurity and low birth weight-frequently
observed in regions with limited prenatal care-have been
associated with increased rates of false-positive results in
newborn screening programs, likely due to immature
hypothalamic-pituitary-thyroid axis function.!® Genetic
and familial factors also play a role, especially in
populations with high rates of consanguinity, where
dyshormonogenesis and other hereditary defects are
more prevalent.?®

In our cohort, 57.6% of infants diagnosed with CH were
classified as having permanent hypothyroidism, while
42.4% had transient CH. This distribution closely mirrors
the findings of other Turkish studies, which report
transient CH rates between 40% and 60% among screen-
detected cases.'®!! Notably, a recent multicenter Turkish
study also reported a 53.6% rate of transient CH,
highlighting the consistency of these rates across
different regions and emphasizing the national relevance
of our findings.?°

A major challenge in clinical practice is distinguishing
transient from permanent CH early in the course of
treatment, ideally before age three. Identifying infants
who do not require lifelong LT4 therapy can prevent
overtreatment and reduce caregiver burden. In our study,
we evaluated the predictive value of LT4 dose at 6 months
of age. ROC curve analysis identified a cut-off value of
3.35 ug/kg/day, with 100% sensitivity and 63.2%
specificity for predicting transient CH (AUC: 0.925). This
result is consistent with existing literature showing that
lower LT4 requirements in early infancy are associated
with transient disease. For example, Oron et al. reported
that a 6-month LT4 dose of <2.2 ug/kg/day predicted
transient CH with moderate sensitivity and specificity.?!
Similarly, Ozer et al. found that an LT4 dose of <2.0
ug/kg/day at the time of treatment discontinuation
predicted transient CH with high specificity (94.5%),
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further validating the role of LT4 dosing in guiding clinical
decisions.?® Chen et al., in a large cohort study, proposed
a 24-month LT4 dose threshold of <2.9 ug/kg/day for
predicting transient CH.??

While our cut-off value of 3.35 pg/kg/day demonstrated
excellent sensitivity, its specificity was moderate,
indicating that some infants with permanent CH also
maintained euthyroidism on low LT4 doses by 6 months.
In our cohort, approximately one-third of permanent CH
cases had LT4 needs below the identified threshold. This
limitation has been similarly reported in other studies,
where infants with mild permanent CH-especially those
with eutopic thyroid glands-may initially appear
transient.?%2! Moreover, up to 62-86% of infants with
mildly elevated TSH and normal ultrasound findings have
been shown to have permanent hypothyroidism upon
long-term follow-up.®® These findings highlight that no
early marker is perfectly reliable when used in isolation,
and that clinical, biochemical, and imaging data must be
integrated cautiously. Current international guidelines
endorse a cautious approach. The American Academy of
Pediatrics (AAP) recommends that in all cases where a
definitive diagnosis of permanent hypothyroidism has
not been established, LT4 treatment should be continued
until 3 years of age, followed by a 4- to 6-week
discontinuation to reassess thyroid function.? Similarly,
the European Society for Pediatric Endocrinology (ESPE)
suggests that a child with a eutopic gland and a 6-month
LT4 dose below 3.0 pg/kg/day may be considered for
earlier re-evaluation, though only under close clinical
supervision.? In our study, most clinicians adhered to a
conservative approach; the median age for treatment
discontinuation among transient CH cases was
approximately 2.4 years. This practice balances patient
safety with the desire to avoid unnecessary prolonged
therapy and is in line with international
recommendations.  Nevertheless, monitoring LT4
requirements throughout infancy remains a valuable tool
to support individualized care planning.

In summary, our findings from Mugla province confirm a
relatively high incidence of congenital hypothyroidism,
consistent with national data from Turkey and reports
from other iodine-deficient populations.®1%1& A
substantial proportion of cases (42.4%) were transient,
emphasizing the importance of distinguishing between
transient and permanent forms to optimize treatment
duration. Our analysis supports the use of LT4 dose at six
months of age as a practical and sensitive early predictor
of transient CH, in agreement with both national and
international studies.*2%2! While early dose thresholds
should not replace formal re-evaluation at 2—3 years of
age, they can provide valuable guidance for individualized
follow-up.

To our knowledge, this study is among the few that have
comprehensively evaluated CH incidence and treatment
outcomes in the southwestern Aegean region of Turkiye,
providing valuable regional data to complement national
reports. These findings reinforce the clinical relevance of
early dose monitoring and may support the development
of individualized follow-up protocols. A key limitation of
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our study is its retrospective, single-center design and
relatively small sample size, which may affect
generalizability. In addition, iodine status and genetic
testing data were not available, limiting the ability to
determine underlying etiologies. Long-term
neurodevelopmental outcomes were also not assessed,
which may have provided a more comprehensive
evaluation of treatment efficacy. Further multicenter
studies with long-term follow-up are warranted to
validate early predictive markers and improve CH
management strategies across different populations.
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METABOLiIK SENDROMUN OTESINDE: METS-IR, TYG iNDEKSi VE
EPiKARDIiYAL YAG DOKUSUNUN FARKLI VASKULER YATAKLARDAKi
SUBKLiNiK ATEROSKLEROZLA iLiSKiSi
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Amag: Bu ¢alismada, metabolik insulin direnci gostergeleri (METS-IR
ve TyG indeksi) ile epikardiyal yag dokusu (EYD) miktarinin, subklinik
ateroskleroz gostergeleri olan koroner arter kalsiyumu (CAC) ve
karotis intima-media kalinligi (IMT) ile iligkisi degerlendirildi.
Yontem: Koroner arter hastaligl stiphesiyle degerlendirilen 108
hastanin retrospektif verileri analiz edildi. METS-IR ve TyG skorlari
laboratuvar ve antropometrik verilerden hesaplandi; EYD kalinligi ve
hacmi bilgisayarli tomografi ile 6lgiildi. CAC skoru ve karotis IMT
standart yéntemlerle degerlendirildi. iligkiler korelasyon ve g¢ok
degiskenli regresyon analizleriyle incelendi, ROC analizi ile tanisal
performans degerlendirildi.

Bulgular: Epikardiyal vyag kalinligi (AUC=0,802) ve hacmi
(AUC=0,781), CAC varligini 6ngérmede ylksek ayirt edicilik gosterdi.
EYD kalinhigi igin belirlenen 5,9 mm esik degeri %75 duyarlilik ve %71
ozgullik sagladi. METS-IR skoru hem CAC (AUC=0,670) hem de
karotis IMT ile bagimsiz iligkili bulunurken, TyG indeksi sadece CAC ile
zayif bir iligski gosterdi (AUC=0,661). Cok degiskenli analizlerde, EYD
olcimleri ve METS-IR skoru, konvansiyonel risk faktérlerinden
bagimsiz olarak subklinik ateroskleroz belirtegleriyle anlamli iligkiler
gosterdi.

Sonug: METS-IR, TyG ve 6zellikle epikardiyal yag 6l¢timleri, subklinik
aterosklerozun erken tanisinda potansiyel biyobelirteglerdir. Bu
parametrelerin bireysellestirilmis kardiyovaskiler risk
degerlendirmelerine entegrasyonu, ileri calismalarla
desteklenmelidir

Anahtar kelimeler: METS-IR, TyG indeksi, Epikardiyal Yag Dokusu,
Subklinik Ateroskleroz, Koroner Arter Kalsiyumu

\_

ABSTRACT

Objective: This study aimed to evaluate the relationship between
metabolic insulin resistance indicators (METS-IR and TyG index) and
the amount of epicardial adipose tissue (EAT), with subclinical
atherosclerosis markers such as coronary artery calcium (CAC) and
carotid intima-media thickness (IMT).
Methods: Retrospective data from 108 patients evaluated for
suspected coronary artery disease were analyzed. METS-IR and TyG
scores were calculated using laboratory and anthropometric data. EAT
thickness and volume were measured by computed tomography. CAC
score and carotid IMT were assessed using standard methods.
Correlations and multivariate regression analyses were used to
examine associations, and ROC analysis was performed to evaluate
diagnostic performance.
Results: Epicardial fat thickness (AUC=0.802) and volume (AUC=0.781)
showed high discriminative power in predicting the presence of CAC.
A threshold value of 5.9 mm for EAT thickness provided 75% sensitivity
and 71% specificity. The METS-IR score was independently associated
with both CAC (AUC=0.670) and carotid IMT, while the TyG index
showed only a weak association with CAC (AUC=0.661). In multivariate
analyses, EAT measurements and METS-IR scores were significantly
associated with subclinical atherosclerosis markers, independent of
conventional risk factors.
Conclusion: METS-IR, TyG, and particularly epicardial fat
measurements appear to be potential biomarkers for the early
detection of subclinical atherosclerosis. Integration of these
parameters into individualized cardiovascular risk assessments should
be supported by further studies.

Keywords: METS-IR, TyG Index, Epicardial Adipose Tissue, Subclinical
Atherosclerosis, Coronary Artery Calcium
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Coskun, METS-IR, TyG ve EYD ile Subklinik Ateroskleroz

Girig

Aterosklerotik siireg, uzun vyillar belirti vermeden
ilerleyerek ciddi kardiyovaskiler olaylara zemin hazirlar.
Subklinik aterosklerozun erken tespiti, risk altindaki
bireylerin  belirlenmesi ve koruyucu stratejilerin
uygulanabilmesi i¢in kritik 6neme sahiptir. Bu amagla,
koroner arter kalsiyumu (CAC) skoru ve karotis intima-
media kalinligi (IMT) gibi non-invaziv gorintileme
yontemleri, farkli vaskiiler yataklardaki subklinik
aterosklerotik ylUki degerlendirmede vyaygin olarak
kullanilmaktadir.2?

insiilin direnci (iD) ve visseral adipozite, ateroskleroz
gelisiminde temel belirleyicilerdir.3* iD, metabolik
sendromun temel bilesenlerini tetikleyerek vaskiler
inflamasyonu artirir; visseral yag dokusu ise aktif bir
endokrin organ gibi davranarak inflamatuar ve pro-
aterojenik mediatorler Uretir.* Bu stiregler hem sistemik
hem de lokal diizeyde damar sagligini olumsuz etkiler.
insiilin direncini pratik sekilde yansitmak icin gelistirilen
Trigliserid-Glukoz indeksi (TyG) ve daha vyeni bir
parametre olan Metabolik insiilin Direnci Skoru (METS-
IR), kardiyometabolik riskin belirlenmesinde dikkat
cekmektedir.5~° METS-IR, viicut kitle indeksi ve HDL-
kolesterolii de hesaba katarak insilin direncini daha
kapsamli yansitmayi hedefler.

Ote yandan, epikardiyal yag dokusu (EYD) da kalp
cevresinde bulunan ve koroner arterlerle dogrudan iliskili
olan, metabolik olarak aktif bir visseral yag
depolamasidir.™ Artmis EYD kalinlik ve hacmi, koroner
arter hastaligl, koroner kalsifikasyon ve major kardiyak
olaylarla iliskilendirilmigtir.'>-'®

Her bir parametrenin (METS-IR, TyG, EYD) subklinik
aterosklerozla iliskisi farkli ¢alismalarda gosterilmis
olmakla birlikte, bu belirteglerin birlikte degerlendirilerek
hangi vaskiiler yatakta daha glcli 6ngori sagladigl ve
geleneksel risk faktorlerinden bagimsiz katkilari tam
olarak aydinlatilmamistir.

Bu nedenle, bu g¢alismanin amaci, koroner arter hastalig
suphesiyle BT koroner anjiyografi yapilan bireylerde,
METS-IR skoru, TyG indeksi ve epikardiyal vyag
Olgiimlerinin, CAC skoru ve karotis IMT ile bagimsiz
iliskilerini arastirmaktir.

Yontem

Calisma Popiulasyonu: Tek merkezli retrospektif kohort
¢alismamiza, Ocak 2015 — Ocak 2024 tarihleri arasinda
Ozel Bursa Acibadem Hastanesi’ne KAH siiphesi (6rn.
tipik/atipik gogis agrisi, efor dispnesi, pozitif stres testi
veya coklu risk faktérd varlig) ile basvurup BTKA ve
karotis Doppler ultrasonografisi yapilan 108 ardisik hasta
dahil edildi. Dahil edilme kriterleri: 218 yas olmak, klinik
endikasyonla BTKA yapilmis olmasi, BTKA ile es zamanli
veya 3 ay icinde karotis ultrasonu bulunmasi, METS-IR ve
TyG hesaplamalari igin gerekli aglik kan sekeri, trigliserid,
HDL-K ve VKi verilerinin mevcut olmasi, EYD
kalinlik/hacim ve CAC 6lgiimi igin uygun kalitede BT
goriintllerinin olmasiydi. Dislama kriterleri: Bilinen KAH
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oykusl (miyokard infarktlisi veya revaskilarizasyon
gecirmis olmak), akut koroner sendrom bulgulari, ciddi
kalp kapak hastalgi, belirgin kardiyomiyopati veya
konjenital kalp hastalig), aktif enfeksiyon ya da
inflamatuar hastalik, malignite 6ykusu, ileri bobrek
yetmezligi (eGFR < 30 mL/dk/1.73 m2), BT gérintllerinde
belirgin artefakt varligi veya eksik veri bulunmasi olarak
belirlendi. Bu kriterlere uyan tim hastalar ¢alisma
kapsamina alindi. Galisma, Helsinki Deklarasyonu’na
uygun yuritalda.

Gorintiileme ve Olgiimler: Tim hastalarda kontrastsiz
kardiyak BT ile koroner arter kalsiyum skoru (CAC) elde
edildi. CAC skoru, Agatston yontemiyle 3 mm kesit
kalinhginda aksiyel gorintilerde hesaplandi.! CAC
skorunun >0 olmasi koroner kalsifikasyon varligi olarak
tanimlandi. Kontrasth BTKA ile koroner arter darhk
dereceleri degerlendirildi. Her hasta i¢in en ciddi darhk
derecesine gore KAH ciddiyet skoru su sekilde
siniflandirildiz 0 = anlamh plak yok; 1 = <%50 luminal
darhk (non-obstriiktif plak); 2 = %50-69 darlik; 3 = >2%70
darlik (obstriiktif)."#*” Bu siniflama CAD-RADS raporlama
sistematigi temel alinarak yapildi.Y” Epikardiyal yag
dokusu, BTKA gorintilerinin  aksiyel kesitlerinde
perikardin visseral tabakasi ile miyokard arasindaki diistik
atenliasyonlu yag dokusu olarak tanimlandi. EYD kalinhgi,
sag ventrikil serbest duvari Uzerinde perikardiyal
sinirdan miyokarda dik olarak olgilen en biyik kalinlik
olarak (mm cinsinden) belirlendi. EYD hacmi, kontrasth
BTKA aksiyel kesitlerinde perikard i¢i tim yag dokusunun
planimetrik yontemle konturlanmasi ve (¢ boyutlu
rekonstriiksiyonuyla (mL cinsinden) hesaplandi. Karotis
IMT, yiksek ¢oziinirltkli B-mod ultrason ile, sag ve sol
ortak  karotis arter distal duvarinda, karotis
bifirkasyonuna yakin 1 cm’lik segmentin ortalama
intima-media kalinhgi olarak 6l¢tlda.

Laboratuvar ve indeks Hesaplamalari: Hastalarin
antropometrik &lciimleri (boy, kilo, VKi) ve aclk
laboratuvar degerleri (glukoz, lipid paneli) hastane
kayitlarindan temin edildi. METS-IR ve TyG indeksleri
asagidaki formdller kullanilarak hesaplandi:

METS-IR = [ Ln ( (2 * AKS) + TG ) * VKi ]/ Ln(HDL-K)
TyG indeksi = Ln ( (TG * AKS) / 2)

istatistiksel Analiz

Calismada verileri 6zetlemek amaciyla temel tanimlayici
istatistikler kullanildi. Verilerin normal dagilip dagilmadigi
Kolmogorov-Smirnov testi ile kontrol edildi ve normal
dagilmayan degiskenler (6rn. CAC skoru) icin logaritmik
transformasyon gibi uygun yontemler uygulandi.
Degiskenler arasindaki iliskileri degerlendirmek igin
Spearman korelasyon analizi yapildi. Koroner kalsiyum
varligi (CAC>0), herhangi bir koroner arter hastaligi varlig
(KAH>1) ve karotis intima-media kalinligi (IMT) ile iliskili
faktorleri belirlemek amaciyla lojistik ve lineer regresyon
analizleri kullanildi. Bu analizlerde 6zellikle METS-IR, TyG
indeksi ve epikardiyal yag dokusu (EYD) olglimlerinin
bagimsiz etkileri, yas, cinsiyet, diyabet ve hipertansiyon
gibi potansiyel karistirici faktorler kontrol edilerek
degerlendirildi. Ek olarak, METS-IR, TyG ve EYD
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Olgimlerinin koroner kalsiyum varligini (CAC>0) ayirt
etme performansini karsilastirmak icin ROC (Receiver
Operating Characteristic) egrisi analizi yapildi ve egri
altinda kalan alanlar (AUC) hesaplandi. istatistiksel
anlamhlik dizeyi p<0,05 olarak kabul edildi.

Bulgular

1. Katihmcilarin Temel Ozellikleri (n = 108)
Calismaya dahil edilen 108 katilimcinin temel demografik
ve klinik 6zellikleri Tablo 1'de sunulmustur.

Tablo 1. Katiimcilarin Temel Ozellikleri

Kategori Deger
e
Yas (yil) 51,8+9,5
Tip 2 Diyabet (Var) %19 (21)
Hipertansiyon (Var) %62 (67)
Sigara (Var) %38 (41)
Viicut Kitle indeksi (VKi kg/m 2) 30,7+5,8
Aclik Glukoz (mg/dL) 108 £ 30
Trigliserid (mg/dL) 169+ 94
HDL Kolesterol (mg/dL) 42 +11
TyG indeksi 8,8+0,6
METS-IR Skoru 2,39+0,21
Epikardiyal Yag Kalinhgi (mm) 6,5+2,0
Epikardiyal Yag Hacmi (mL) 110+41
Koroner Arter Kalsiyum (CAC > 0) %49 (53)
CAC Skoru (Pozitif Olanlarda) Medyan 57 (10-232)
Koroner Plak Varhgi (21) %44 (47)
28 < %50,
Plak Darlik Derecesi 11 %50-69
82%70
Karotis IMT (mm) 0,90+0,21*
IMT 2 1 mm Olanlar %31

*Not: Degerler ortalama + standart sapma, medyan (geyrekler
arasi aralik) veya yiizde (say1) olarak verilmistir. VKi: Viicut Kitle
indeksi; TyG: Trigliserid-Glukoz; METS-IR: Metabolik insiilin
Direnci Skoru; EYD: Epikardiyal Yag Dokusu; CAC: Koroner Arter
Kalsiyum; KAH: Koroner Arter Hastalig;; IMT: intima-Media
Kalinligr. IMT 6lgiimii 90 hastada mevcuttu.

Katilimcilarin temel demografik, klinik ve laboratuvar
ozellikleri  Tablo 1'de  6zetlenmistir.  Kohortun
¢ogunlugunu (%61) erkekler olusturmakta olup, ortalama
yas 51,8 (£9,5) yildir. Tip 2 diyabet, hipertansiyon 6ykisi
ve sigara kullanimi oranlari sirasiyla %19, %62 ve %38’dir.
Obezite prevalansi %40 olup, ortalama VKi 30,7 (%5,8)
kg/m¥dir. insiilin direnci belirtecleri olarak ortalama TyG
indeksi 8,8 (+0,6) ve METS-IR skoru 2,39 (%0,21)
bulunmustur.
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Epikardiyal yag kalinligi ve hacmi sirasiyla 6,5 (+2,0) mm
ve 110 (+41) mL olarak olglldi. Katihmcilarin %49’unda
CAC skoru >0 bulunurken, medyan kalsiyum skoru 57
(IQR 10-232) idi. BT anjiyografide %44 oraninda koroner
plak saptandi; bunlarin  ¢ogunlugu non-obstriktif
plaklardi. IMT 6lgilebilen hastalarda ortalama IMT 0,90
(20,21) mm olup, %31’inde deger 1,0 mm’nin Uzerindeydi
(Tablo 1).

2.  Degiskenler  Arasindaki ~ Onemli iliskiler
(Korelasyonlar)

Olgiimler arasindaki iliskiler Spearman korelasyon analizi
ile incelendi; anlamliiliskiler (p<0,05) Sekil 1’de gosterildi.
istatiksel analizler, epikardiyal yag o&lgiimleri ile
ateroskleroz gostergeleri arasinda anlamh iliskiler
oldugunu gosterdi (Sekil 1). Epikardiyal yag kalinligi ve
hacmi arttikga, hem log-transforme koroner kalsiyum
skoru (CAC) hem de koroner arter hastaligi (KAH) skoru
ile orta dluzeyde pozitif korelasyonlar saptandi (tim
p<0,001). Ayrica, epikardiyal yag hacmi karotis intima-
media kalinhgi (IMT) ile orta diizeyde (r,=0,335, p=0,001),
yag kalinhgi ise IMT ile daha zayif ancak anlamli bir iligki
gosterdi (r,=0,238, p=0,024).

Metabolik risk gostergeleri incelendiginde, METS-IR
skoru koroner kalsiyum ile zayif-orta diizeyde (r,=0,261,
p=0,006) ve IMT ile zayif dizeyde bir iliski gosterdi
(r,=0,200, p=0,059). TyG indeksi ise yalnizca koroner
kalsiyum skoru ile zayif ama anlamli bir korelasyon
sergiledi (r,=0,203, p=0,035); karotis IMT ile anlamli bir
iliski bulunmadi (p=0,892).

Epikardiyal yag dokusu hem koroner hem de karotis
aterosklerozuile iliskilendirildi; METS-IR skoru koroner ve
karotis ateroskleroz gostergeleriyle sinirli bir iligki
gosterirken, TyG indeksi yalnizca koroner kalsifikasyonla
zayIf bir baglanti sergiledi.

3. Koroner Arter Kalsiyum Varligini (CAC > 0) Ongoéren
Faktorler (Lojistik Regresyon)

Konvansiyonel risk faktorleri (yas, cinsiyet, diyabet ve
hipertansiyon) kontrol edilerek yapilan ¢ok degiskenli
lojistik regresyon analizinde, koroner arterlerde kalsiyum
birikimi (CAC > 0) ile iliskili bagimsiz degiskenler
belirlendi. Sonuglar Sekil 2’de sunulmustur.
Konvansiyonel risk faktorleri (yas, cinsiyet, diyabet,
hipertansiyon) kontrol edildikten sonra, epikardiyal yag
kahnhgi ve hacminin koroner kalsiyum varligi (CAC > 0) ile
bagimsiz ve glgli bir sekilde iliskili oldugu bulundu.
Epikardiyal yag kalinhgindaki her 1 mm’lik artis kalsiyum
olasiligini 1,37 kat, hacimdeki her 10 mL’lik artis ise 1,22
kat artirmaktaydi (her ikisi icin p<0,001).

Metabolik gostergelerden METS-IR skoru ve TyG indeksi
de CAC varligi ile bagimsiz iliskiliydi. METS-IR’daki her 0,1
birimlik artis, CAC pozitifligini %11 artirirken (p=0,015),
TyG indeksindeki her 1 birimlik artis yaklasik 3,9 katlik bir
risk artisiyla iliskiliydi (p=0,005).

Yas ve erkek cinsiyet CAC pozitifligiyle anlamh sekilde
iliskiliyken, diyabet ve hipertansiyonun bagimsiz etkisi
istatistiksel anlamhhk géstermedi (p>0,05).
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Klinik Degiskenler Arasindaki Korelasyon Gugleri

Epikardiyal Yag Kalinligi « log CAC Skoru

Epikardiyal Yag Hacmi + log CAC Skoru

Epikardiyal Yag Kalinigi & Keroner Plak Skoru

Epikardiyal Yag Hacmi « Koroner Plak Skoru

Epikardiyal Yag Hacmi « Karotis IMT

METS-IR Skoru « log CAC Skoru

METS-IR Skoru « Karotis IMT

TYG indeksi « log CAC Skoru

TG indeksi « Karotis IMT

p = 0,001

p<0,001

p=0035

0.0 0.1

Sekil 1. Onemli korelasyon katsayilari (Spearman r,)
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Sekil 2. Koroner arter kalsiyum varligi (CAC > 0) icin bagimsiz 6ngoriciler (Multivariable Lojistik Regresyon Modeli)

Ayrica, Karotis IMT'yi ongoren ¢ok degiskenli lineer
regresyon analizinde, yalnizca METS-IR skoru bagimsiz bir
belirleyici olarak saptandi (B=0,11; p=0,042). Epikardiyal

yag kalinhgi ve TyG indeksi IMT ile anlamh iliski
gostermedi.
METS-IR ve TyG indeksinin her ikisinin de insilin

direnciyle iliskili olmasi nedeniyle, birlikte kullanildiklari
modellerde kolinerite potansiyeline dikkat edilmesi
gerektigi gozlendi.

4. Koroner Kalsiyum  Pozitifligini
Belirteglerin ROC Analizi

Belirteglerin CAC > 0 varhgini 6ngérme performanslari
ROC analizi ile degerlendirildi; AUC degerleri ve optimum
kesim noktalarindaki duyarhlik ve 6zgtllik oranlari Tablo
2’de sunulmustur.

CAC > 0 icin Belirteglerin AUC, Duyarllik ve Ozgillik
Degerleri: ROC analizi sonuglarina gore, CAC varhgini
ongbérmede en iyi tanisal performans epikardiyal yag
Olcuimleriyle elde edildi. Epikardiyal yag kalinligi icin AUC

Saptamada
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0,802, hacmi igin ise 0,781 olarak bulundu; her iki 6l¢im
“iyi” dilizeyde ayirt edicilik sergiledi. Kalinlik igin
belirlenen 5,9 mm kesim noktasi %75 duyarlilik ve %71
6zglllik, hacim icin belirlenen 95 mL kesim noktasi ise
%66 duyarllik ve %79 6zgullik sagladi.

METS-IR ve TyG indeksleri de CAC varligini ayirt etmede
istatistiksel olarak anlamli performans gosterdi (AUC
sirasiyla 0,670 ve 0,661), ancak epikardiyal yag
Olgimlerine gore daha dislik bir tanisal glice sahipti.
istatistiksel karsilastirmalarda, epikardiyal yag kalinliginin
AUC degeri hem METS-IR (p=0,018) hem de TyG
indeksinden  (p=0,011) anlamh olarak yuksekti.
Epikardiyal yag hacmi, TyG indeksinden daha ustiin
performans gosterdi (p=0,035), ancak METS-IR ile fark
anlamli duzeye ulasmadi (p=0,06).

Bu bulgular, epikardiyal yag dokusunun kalinlik ve hacim
olgiimlerinin, metabolik skorlarla karsilastirildiginda CAC
varligini 6ngérmede daha glvenilir biyobelirtecler
olabilecegini gostermektedir.
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Tablo 2. CAC > 0 igin belirteglerin AUC, duyarlilik ve 6zgulliik degerleri

Belirteg AUC (95 % GA) Op'ix:k"t‘a':f“m Duyarlilk (%) | Ozgiilliik (%) Yorum

1 | sas | son no | o s

o | magmass | s p | i

METS-IR Skoru 0,670 (0,569-0,771) 2,35 56 CAC Vagﬁ:'jiﬁz’jﬁ%T;??uzeyde

TyG indeksi 0,661 (0,557-0,765) 8,8 65 CAC "ara"ﬁ'r:':ji‘;??:‘jgi%T;ae;fuzeyde
Tartisma Calismamizda, epikardiyal yag ol¢limleri sadece koroner

Bu c¢alismada, orta yash eriskinlerde METS-IR skoru, TyG
indeksi ve epikardiyal yag dokusu (EYD) kalinlik/hacminin
koroner kalsifikasyon (CAC) ve karotis intima-media
kalinhgi (IMT) gibi subklinik ateroskleroz gostergeleri ile
anlamli ve bagimsiz iliskiler gdsterdigi bulundu. iliskilerin
yas, cinsiyet ve komorbiditelere ragmen korunmasi,
insllin direnci ve visseral adipozitenin ateroskleroz
gelisiminde merkezi bir rol oynadigini desteklemektedir.
Bulgular ayrica, METS-IR, TyG ve EYD o6lgiimlerinin klinik

pratikte subklinik ateroskleroz riskinin
degerlendiriimesinde potansiyel yardimci belirtegler
olabilecegini gostermektedir.

Bulgularimiz, epikardiyal yag kalinligi ve hacminin

subklinik koroner aterosklerozun glicli belirtegleri
oldugunu ve bu iliskinin koroner arterlere anatomik
yakinlik ve pro-aterojenik  faktdér salinmi ile
aciklanabilecegini  gosteren  6nceki  galismalarla
uyumludur.4

Framingham Kalp Calismasi'nda EYD miktari ile koroner
arter kalsifiye plak yiki arasinda belirgin bir iligki
saptanmis ve EYD'nin, koroner arter hastaligi risk skorlari
kontrol edildiginde dahi bagimsiz bir risk faktéri
olabilecegi 6ne surulmistir.” Genel popilasyonda
yuritilen Heinz Nixdorf Recall galismasi, EYD kalinliginin
ileriye donik miyokard infarktlsi gelisimiyle iliskili
oldugunu bildirmistir.”® Bizim c¢alismamizda da EYD
kahinhgi, multivariable analizde koroner arterlerde
subklinik lezyon varhigini (CAC>0) yaklasik 1,4 kat artiran
bagimsiz bir belirleyici olarak bulunmustur.
Calismamizda EYD hacmi igin de benzer sekilde, CAC
varligiyla yaklasik 1,22 kat artmis bir risk saptadik.
Diyabetik hastalarda yapilan bir ¢alismada, yiksek EYD
hacminin koroner kalsifikasyon varhgi ile bagimsiz olarak
iliskili oldugu bildirilmistir.'®

Epikardiyal yag hacminin yalnizca koroner plak varligiyla
degil, ayni zamanda plaklarin riskli morfolojik
ozellikleriyle de iliskili olabilecegi gosterilmistir. Dey ve
arkadaslarinin ileri gériintiileme ¢alismasinda, EYD hacmi
ve disik atentasyonlu “aktif” EYD’nin, yiiksek riskli plak
karakteristikleri ve major kardiyak olaylarla anlamli
sekilde iliskili oldugu bildirilmistir.’> Bu bulgular,
epikardiyal yag miktarinin ve kompozisyonunun yalnizca
aterosklerozun varligini degil, ayni zamanda klinik
onemini de etkileyebilecegini diisiindlirmektedir.
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kalsifikasyonla degil, sistemik aterosklerozun invaziv
olmayan bir gostergesi olan karotis IMT ile de anlaml
iliskiler gésterdi. Ozellikle EYD hacmindeki artis, karotis
IMT kalinlagmasi ile orta diizeyde pozitif bir iliski sergiledi.
Benzer sekilde, onceki calismalarda da tip 2 diyabetli
hastalarda ve obez bireylerde EYD artisinin karotis IMT ve
arteriyel sertlikle iliskili oldugu bildirilmistir.’®° Yilmaz ve
arkadaslarinin ¢alismasinda da, diyabetik bireylerde EYD
kalinliginin artmis karotis IMT ve azalmig arteriyel
elastikiyet ile bagimsiz bir iligki gbsterdigi saptanmigtir.®
Cabrera-Rego ve ark.', obez cocuklarda epikardiyal yag
kahnhgindaki artisin karotis arter duvar kalinligi ve sertligi
ile anlaml sekilde iliskili oldugunu ve her 1 mm’lik artisin
subklinik ateroskleroz riskini yaklasik G¢ kat artirdigini
gostermistir. Calismamizda, epikardiyal yag kalinhginin
karotis IMT ile dogrudan iliskisi tam anlamiyla istatistiksel
bagimsizlik géstermese de, ham korelasyon analizleri ve
literatlirdeki  veriler  birlikte  degerlendirildiginde,
epikardiyal yag fazlahiginin sistemik ateroskleroz
sirecinin bir yansimasi veya katki saglayan bir faktor
olabilecegi diistintilmektedir.

METS-IR ve TyG gibi metabolik insilin direnci indeksleri
¢alismamizda subklinik ateroskleroz gostergeleriyle
anlamli iligkiler sergiledi. METS-IR skoru hem CAC skoru
hem de karotis IMT ile pozitif korelasyon gosterdi ve ¢ok
degiskenli analizlerde her iki belirteg icin de bagimsiz bir
Ongoricl olarak saptandi. Bu bulgular, METS-IR’In klasik
risk  faktorlerinin  Gtesinde ek prognostik bilgi
saglayabilecegini dustindirmektedir.

Wang ve ark.nin asemptomatik bireylerde yaptig
¢alismada, METS-IR skorunun yiiksek oldugu grupta CAC
pozitifliginin anlamli sekilde arttigi ve METS-IR’in koroner
kalsifikasyonun  bagimsiz  bir belirleyicisi oldugu
bildirilmistir.® Benzer sekilde, Wu ve ark.’nin ¢alismasi da
METS-IR'In orta-ileri yas poplilasyonda kardiyovaskiler
olay riskini dngérdiigiini géstermistir.’ Calismamizda ise
METS-IR skoru, karotis IMK artisiyla bagimsiz sekilde
iliskili bulunmustur.

Literatirde, hipertansif hastalarda yiksek METS-IR
degerlerinin artmis IMT ve mikroalbumindri gibi hedef
organ hasari gdstergeleriyle iliskili oldugu bildirilmistir.*°
Ayrica, NHANES verilerinin analizinde yliksek METS-IR
duzeylerinin yaklasik 14 yillik takipte hem tim nedenli
hem de kardiyovaskiler olimlerle iliskili oldugu
gosterilmistir.2® Bu bulgular, METS-IRIn giicli  bir
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kardiyometabolik risk belirteci oldugunu
desteklemektedir.

Ote yandan, TyG indeksi bu c¢alismada subklinik
aterosklerozla METS-IR  kadar tutarli  bir iligki

gostermemistir. TyG, CAC>0 6ngorisiinde bagimsiz bir
belirteg olarak anlamh bulunmasina ragmen, METS-IR ile
birlikte modele dahil edildiginde bagimsizligi zayiflamis;
karotis IMT ile ise anlamli bir iliski saptanmamistir. Bu
durum, TyG indeksinin yalnizca aglik trigliserid ve glukozu
icermesi nedeniyle insilin direncinin tUm metabolik ve
vaskiiler etkilerini yeterince yansitamayabilecegini
dustundirmektedir.®®

Calismamizda METS-IR ve TyG indeksleri arasinda giigli
bir iliski olmasina ragmen, METS-IR’in VKi ve HDL gibi ek
parametreleri icermesi, 6zellikle karotis IMT gibi sistemik
ateroskleroz gostergeleriyle iliskide avantaj saglamig
gorinmektedir. TyG indeksinin literatiirdeki performansi
degisken olup, genel popiilasyonda kardiyovaskiler olay
riskini 6ngoérdugi bildirilse de” bazi ¢alismalarda IMT ve
arteriyel sertlik ile anlamli iliski gostermedigi
bildirilmistir.2* Bulgularimiz, TyG indeksinin tek basina
degil, METS-IR gibi daha kapsamh metabolik risk
skorlariyla birlikte degerlendirilmesinin daha dogru bir
yaklasim olabilecegini diisiindiirmektedir.?

Calismamiz, KAH riski degerlendirmesinde METS-IR skoru
ve epikardiyal yag olgcuimlerinin potansiyel kullanimini
desteklemektedir. Ozellikle, koroner arterlerde sessiz
aterosklerozun saptanmasinda epikardiyal yag kalinhgi ve
hacmi gicli gostergeler olarak o6ne c¢ikmistir. EYD
Olcimiunin koroner BT anjiyografiye ek maliyet veya
radyasyon yiki getirmeksizin kolaylikla yapilabilmesi,
klinik pratige entegrasyonunu desteklemektedir. METS-
IR skoru ise basit klinik ve laboratuvar verileri ile
hesaplanabilir olmasi sayesinde non-invaziv risk
degerlendirmesinde pratik olarak kullanilabilir. Bu
bulgular, bireysellestirilmis primer koruma stratejilerinin
planlanmasinda bu parametrelerin yardimci olabilecegini

diisindirmekte olup, prospektif ¢alismalarla
desteklenmelidir.
Calismamizin bazi  sinirlamalari bulunmaktadir.

Retrospektif tasarimi nedeniyle nedensellik iliskisi
kurulamamakta ve belirteglerin prognostik degerleri
dogrudan degerlendirilememektedir. Orneklem
blylklagiinin nispeten kiiglk ve tek merkezden segilmis
olmasi, sonuglarin genellenebilirligini  sinirlayabilir.
Ayrica, metabolik indeksler aglk élgimleri temel alinarak
hesaplanmis; insilin dlzeyleri veya altin standart
yontemlerle (6rnegin klemp teknigi) karsilastirma
yaptimamistir. Karotis IMT o6l¢iimleri tim hastalarda
mevcut olmayip, detayli segmental plak analizi
gerceklestiriimemistir. Son olarak, epikardiyal vyag
dokusunun vyalnizca kalinlik ve hacmi degerlendirilmis,
dokunun inflamatuar ozellikleri veya kompozisyonu
analiz edilmemistir. Gelecekteki ¢alismalarda EYD’nin
hem niceliksel hem de niteliksel 6zelliklerinin birlikte
degerlendirilmesi faydal olacaktir.

Sonug olarak, METS-IR ve TyG indeksleri ile epikardiyal
yag Olgimleri, subklinik  aterosklerozun erken
saptanmasinda geleneksel risk faktorlerinden bagimsiz
katki saglayabilecek potansiyel belirteglerdir. Bu
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bulgularin klinik uygulamaya entegrasyonu icin daha
genis 6rneklemli ve prospektif calismalara ihtiyag vardir.
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ABSTRACT

Objective: Anterior iliac crest (AIC) is frequently used as a donor
site for various constructive surgeries. However, it is associated
with severe postoperative pain that increases morbidity. To
provide analgesia in the donor site with a low volume, a novel
technique was described named anterior iliac block (AIB). It
provides effective analgesia, but the mechanism of action is not
clear. We designed this study to demonstrate the mechanism of
AlB.

Methods: In this cadaveric study, AIB was performed with 10 mL
(right side) and 20 mL (left side) of drug containing methylene
blue and radiopaque dye on opposite sides. Following the block
application, the spread on both sides was evaluated with 3D
computed tomography. Afterwards, systematic layer-by-layer
cadaver dissection was carried out by an orthopedic surgeon and
anatomist experienced in pelvic anatomy.

Results: The spread was more extensive on the left side, it
predominantly extended in a cranial direction. In contrast, on the
right side, where a lower volume was administered, the injectate
remained localized within the fascial plane surrounding the iliac
crest. On the left side, spread was observed in the fascial plane
above the iliacus muscle, and the cutaneous branches of spinal
nerves were stained. Additionally, dye was observed in the
ilioinguinal nerve. On the right side, dye staining in the cutaneous
branches above the iliac crest was observed.

Conclusion: This cadaveric study demonstrates that AIB
effectively targets the cutaneous branches of the subcostal,
iliohypogastric, and ilioinguinal nerves with low volume.

Keywords: Regional anesthesia, anterior iliac block, cadaveric
study, postoperative analgesia
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Amag: Anterior iliak krest (AiK), rekonstriiktif cerrahilerde siklikla
greft donor sahasi olarak tercih edilmektedir. Ancak bu bélgeye
yonelik girisimler, morbiditeyi artiran ciddi postoperatif agrilarla
iliskilidir. Donor bolgesine diisiik hacimde lokal anesik ile analjezi
saglamak amaciyla “anterior iliak blok (AiB)” adi verilen yeni bir
teknik tanimlanmistir. AIB etkili bir analjezi saglasa da etki
mekanizmasi agik degildir. Bu galismayi, AIB’nin etki mekanizmasini
arastirmayi amagladik.

Yontem: Bu kadavra calismasinda, AiB sol tarafa 20 mL ve sag
tarafa 10 mL olacak sekilde metilen mavisi ve radyoopak boya
iceren ilagla uygulandi. Blok uygulamasinin ardindan, her iki
taraftaki yayilim (¢ boyutlu bilgisayarl tomografi ile
degerlendirildi. Daha sonra, pelvik anatomi konusunda deneyimli
bir ortopedi cerrahi ve bir anatomist tarafindan sistematik olarak
katman katman kadavra diseksiyonu gergeklestirildi.

Bulgular: Sol tarafta yayilim daha genisti ve 6zellikle kraniyal yonde
ilerleme gozlendi. Buna karsilik, daha diisiik hacmin uygulandigi sag
tarafta, enjeksiyon sivisi iliak krest gevresindeki fasyal plan icinde
sinirli kaldi. Sol tarafta, iliakus kasi tizerindeki fasyal planda yayilim
gozlendi ve spinal sinirlerin kutandz dallari boyandi. Ayrica,
ilioinguinal sinirde de boya izlendi. Sag tarafta ise iliak krest
tzerindeki kutan6z dallarda boya tutulumu saptandi.

Sonug: Bu kadavra galismasi, AiB’nin diisiik hacimle uygulandiginda
subkostal, iliohipogastrik ve ilioinguinal sinirlerin kutanoz dallarini
etkili bir sekilde hedef aldigini géstermektedir.

Anahtar Kelimeler: Rejyonal anestezi, anterior iliak blok, kadavra
galismasi, postoperatif analjezi
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Introduction

Anterior iliac crest (AIC) is frequently used as a donor site
for various constructive surgeries.! It is preferred because
it can be accessed in the supine position. However, it is
associated with severe postoperative pain that increases
morbidity.?

To provide analgesia in the donor site, local anesthesia
infiltration can be used.® Nevertheless, it is performed
after the harvesting and has a short duration of action.
There are several regional anesthesia techniques that can
be performed to provide analgesia in the donor site such
as transversus abdominis plane (TAP) block, erector
spinae plane (ESP) block, transmuscular quadratus
lumborum block (QLB) and transversalis fascia plane
(TFP) block in order to block the T12-L1 spinal nerves
which innervates AIC.*” However, these techniques are
fascial plane blocks and high volumes of local anesthetic
is needed. Considering the primary surgical procedure
and the need for high-dose regional blocks (e.g., brachial
plexus block, sciatic nerve block) to achieve adequate
analgesia, the additional use of a high-volume fascial
plane block for the donor site may substantially increase
the risk of local anesthetic systemic toxicity.

Therefore, we described a new technique called anterior
iliac block (AIB) which requires low volumes, such as 10
mL.2 The injection point is in the vicinity of the donor site,
medial to anterior iliac crest, between the iliacus muscle
and aponeurosis of transversus abdominis muscle, which
lies below internal oblique muscle. The injection point is
also the junction where the thoracolumbar fascia merges
with the iliac fascia, where small cutaneous branches that
innervates anterior iliac crest may exist, this may also
explain why a small volume is effective. However, the
mechanism of action is not clear and cadaveric studies
demonstrating the spread of the injectate are needed.
We designed this study to demonstrate the mechanism
of the anterior iliac block. In this cadaveric study, we
aimed to compare the spread of 10 mL and 20 mL of drug
injected on opposite sides, in order to assess whether a

higher volume is essential. Our primary objective was to
assess the spread of the injectate using computer
tomography (CT) imaging, and the secondary objective
was to identify the cutaneous nerve branches blocked.

Methods

Cadaver selection and preparation

Dissections were performed on a cadaver, from woman
aged 65. The human tissue, acquired via an institutional
body donation program with agreement for exclusive use
in teaching and research, were embalmed using Thiel’s
method. The cadaver had no history of surgical
interventions or significant operations in the pelvic or
abdominal area. The study was conducted following the
procedures approved by the Non-Interventional Ethical
Committee of Kocaeli University School of Medicine
(GOKAEK-2024/13.31).

Solution
For the anterior iliac block, a total of 30 mL mixture
containing 1% methylene blue was obtained using 15 ml
of 2% methylene blue, 13 mL of 0.9% saline solution, and
2 mL of radiopaque dye (lohexol, Kopaq 350 mg/1 ml,
Kogsel).®

Ultrasound guided anterior iliac block

The probe was placed on the anterior aspect of the
anterior iliac crest (Figure 1A). Afterward, the probe was
advanced medially and tilted cranially to visualize the
iliacus muscle where it attaches to AIC. In the ultrasound
image, the iliacus muscle, internal oblique muscle above,
aponeurosis of transversus abdominis muscle between
these muscles, and ilium were seen (Figure 1B). With an
in-plane approach, an 80-mm block needle was advanced
from lateral to medial, and 10 mL of the solution on the
right side and 20 mL of solution on the left side was
injected in the plane between the iliacus and aponeurosis
of transversus abdominis muscle.

| ¥ Needleentry__—

Figure 1. Ultrasound guided anterior iliac block. A: Probe position, B: Ultrasound image, IOM: Internal oblique muscle, IM:

lliacus muscle, *Injection point
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Computed Tomographic Scanning

One hour after the block application, the imaging
procedures described below were applied to both sides
in order to valuate post-injection spread:

Scanning was conducted with the cadaver in the supine
position using a 640-slice CT apparatus (Aquilion One,
Canon). Images scanned in helical mode at 120 kV with a
rotation duration of 0.5 seconds were examined in the
soft tissue window (level: 40, width: 400) using Vital
Vitrea software (Canon Group, Minnetonka, MN, USA).
The radiologist assessed the images in the axial, coronal,
and sagittal planes.

Anatomical Dissection and Stain Spread Analysis
Following the imaging procedures, systematic layer-by-
layer cadaver dissection was carried out by an orthopedic
surgeon and anatomist experienced in pelvic anatomy (2
hours after the block application).

Results

The three-dimensional distribution of the injectate, as
visualized on computed tomography, is presented in
Figure 2 (Figure 2A: right side, Figure 2B: left side).
Although the spread was more extensive on the left side,
it predominantly extended in a cranial direction. In
contrast, on the right side, where a lower volume was
administered, the injectate remained localized within the
fascial plane surrounding the iliac crest.

On the right side, methylene blue spread was observed in
the fascial plane above the iliacus muscle. In addition, dye
staining in the cutaneous branches of spinal nerves above
the iliac crest was seen (Figure 3). On the left side, dye
staining in the cutaneous branches above the iliac crest
was observed (Figure 4A). Additionally, dye was observed
in the ilioinguinal nerve (Figure 4B).

Figure 2. 3D CT images of the drug spread. A: Spread on the right side (10 mL), B: Spread on the left side (20 mL)



Yoriikoglu, et al., Anterior Iliac Block, A Cadaveric Study

Figure 4. Dissection of the right side (10 mL). A: White arrows show the cutaneous branches of spinal nerves, B: White
arrow shows the ilioinguinal nerve

Discussion

In this cadaveric study investigating the mechanism of
action of the anterior iliac block and comparing the
effects of low and high volumes, we observed that the
cutaneous branches of spinal nerves innervating the
anterior iliac crest as well as the ilioinguinal nerve were
consistently involved. Our findings suggest that a high
injectate volume is not necessary for the effectiveness of
this technique.

Innervation of the ilium is complex, however anterior iliac
crest is mainly innervated by subcostal, ilioinguinal, and
iliohypogastric nerves.'® 1! Cutaneous branches of these
nerves are responsible with this innervation. These
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nerves also innervate the skin and the subcutaneous
tissue above the iliac crest. Cutaneous branches of these
nerves and the ilioinguinal nerve are located above the
iliacus muscle in the vicinity of anterior iliac crest.?*
Therefore, we thought that low-volume local anesthetic
injection at this site can provide analgesia at both the
anterior iliac crest—the graft harvest site—and the
surgical incision area and defined the anterior iliac block
(AIB).% Indeed, we found that low-volume injection was
effective in providing postoperative analgesia. With this
cadaveric study, we demonstrated the mechanism of
action of the AIB and confirmed that low volumes are
sufficient to block the nerves involved in the innervation
of the anterior iliac crest. While high-volume injection
resulted in more cranial spread and potentially involved
additional dermatomes, this extended distribution is
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unlikely to contribute to postoperative analgesia for bone
graft harvesting from the iliac crest.

There are a number of limitations to this study. The first
involves a cadaver. Drug spread might usefully be
investigated with more cadavers. In addition, the contrast
material added to visualize the spread with CT may also
have affected the drug diffusion. Finally, this was a
cadaver study, and the tissues being non-living may also
have impacted the drug spread. Although cadavers
embalmed using the Thiel method are regarded as
providing the best physical and functional characteristics
in investigating the mechanisms of regional techniques,
the present research now needs to be supported by in
vivo clinical studies.

In conclusion, this cadaveric study demonstrates that AIB
effectively targets the cutaneous branches of the
subcostal, iliohypogastric, and ilioinguinal nerves, which
are responsible for the sensory innervation of the
anterior iliac crest. Our findings indicate that low-volume
local anesthetic injection at the defined site may be
sufficient to achieve postoperative analgesia in the graft
harvest region, without the need for higher volumes.
However, further studies are needed to validate the
mechanism of action.
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COMBINATION THERAPY WITH SELENOUREA AND ETHACRYNIC ACID
TARGETING GST INHIBITION AND REVEALS SOME APOPTOSIS-CLEAVED
PROTEINS IN BREAST CANCER

SELENOUREA VE ETAKRINIK ASIT ILE KOMBINASYON TEDAVISI GST INHIBISYONUNU
HEDEFLIYOR VE MEME KANSERINDE APOPTOZLA AYRILAN BAZI PROTEINLERI ORTAYA
CIKARIYOR

®Berna Ozdem?”, lIi’l@lsil Yildirim?,

YInonu University, Health Science Institute, Department of Medical Biology and Genetics, Malatya, Turkiye. Biruni University, Faculty of Pharmacy,
Department of Biochemistry, Istanbul, Turkiye.

/ABSTRACT 0z \

Objective: Glutathione S-transferase (GST) participates in the
maintenance of cellular redox homeostasis through several
mechanisms. Therefore, compounds or drug-like drugs that GSTs
target are important for preclinical and clinical studies. We
hypothesized that inhibition of GST by selenourea and Etacrynic acid
combination sensitizes breast cancer cells to apoptotic signaling by
altering redox homeostasis, leading to the identification of specific
apoptosis-cleaved proteins that drive cell death pathways.
Methods: This study was carried out to demonstrate the binding
target molecular docking, cell proliferation inhibition with MTS
method, and protein expression with western blot analysis of the
combination therapy with selenourea and Etacrynic acid to target
GST inhibition.
Results: In the results, it was found that selenourea acts through
targeting by indirect S-glutathionylation modification of cysteine
residues in target proteins, although its polar covalent bond,
hydrogen bond, and ionic interaction bind to other amino acids in all
sub-types of GST. The combination of selenourea and etacrynic acid
dose-dependently inhibited cell proliferation at p<0.0001 levels.
Selenourea only exhibited 52% and 50% inhibition on MDA-MB-231
and MCF7 cells, respectively. In contrast, the combination of
Selenourea and Etacrynic acid showed 41% and 38% inhibition on
MDA-MB-231 and MCF7 cells, respectively. This combination also
revealed apoptosis-cleaved proteins in estrogen-positive MCF7 cells
and  non-estrogenic MDA-MB-231 breast cancer cells.
Conclusions: This work may provide a practical guide and useful
insights into new therapeutics. This could be considered a very
promising strategy for the development of new antineoplastic drugs.
Targeting identified proteins, in combination with GST inhibition,
enhances therapeutic efficacy.
Keywords: Selenourea, GST, ADME
interaction, signal pathway analysis.

analysis, protein-ligand

Amag: Glutatyon S-transferaz (GST), cesitli mekanizmalar araciligiyla
hiicresel redoks homeostazinin korunmasina katilir. Bu nedenle,
GST'lerin hedef aldigi bilesikler veya ilag benzeri ilaglar preklinik ve
klinik ¢alismalar i¢in 6nemlidir. GST'nin selenolire ve Etakrinik asit
kombinasyonu ile inhibisyonunun, redoks homeostazini degistirerek
meme kanseri hiicrelerini apoptotik sinyale duyarl hale getirdigini ve
hicre o6lum yollarini  yonlendiren spesifik apoptozla ayrilan
proteinlerin tanimlanmasina yol actigini varsaydik.
Yontem: Bu galisma, GST inhibisyonunu hedeflemek igin selenoiire ve
Etakrinik asit ile kombinasyon tedavisinin baglanma hedefi molekiiler
yerlestirme, MTS yontemi ile hiicre proliferasyonu inhibisyonu ve
western blot analizi ile protein ekspresyonunu gostermek igin
gergeklestirilmistir

Bulgular: Sonuglarda, selenoirenin hedef proteinlerdeki sistein
kalintilarinin dolayli S-glutatyonilasyon modifikasyonu ile hedefleme
yoluyla etki ettigi, ancak polar kovalent bagi, hidrojen bagi ve iyonik
etkilesiminin GST'nin tim alt tiplerindeki diger amino asitlere
baglandigi bulunmustur. Selenotiire ve etakrinik asit kombinasyonu
hiicre proliferasyonunu p<0.0001 diizeyinde doza bagh olarak inhibe
etmistir. Selenoire, MDA-MB-231 ve MCF7 hicreleri Uzerinde
sirastyla yalnizca %52 ve %50 inhibisyon sergilemistir. Buna karsilik,
Selenourea ve Etacrynic asit kombinasyonu MDA-MB-231 ve MCF7
hiicreleri tzerinde sirasiyla %41 ve %38 inhibisyon gostermistir. Bu
kombinasyon ayni zamanda Ostrojen pozitif MCF7 hcrelerinde
apoptozla pargalanmis proteinler ortaya cikarmigtir.
Sonug: Bu galisma, yeni terapétikler igin pratik bir rehber ve faydali
bilgiler saglayabilir. Bu, yeni antineoplastik ilaglarin gelistirilmesi igin
¢ok umut verici bir strateji olarak distinilebilir. GST inhibisyonu ile
birlikte tanimlanmis proteinlerin hedeflenmesi, terapétik etkinligi
artirir.

Anahtar Kelimeler: Selenourea, GST, ADME analizi, protein-ligand
etkilesimi, sinyal yolu analizi.
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Introduction

Selenourea is an organic compound with the formula
CH4N,Se (Figure 1) and solid white or crystalline solid
molecular weight 122.02 g/mol, selenium inorganic or
organic forms is rapidly absorbed from the human gut,
with total bioavailability of 84% to 97%, respectively.'?
Since selenium-containing compounds are less toxic than
other inorganic compounds, synthesis and biological
evaluation of these compounds. Drug design is the
inventive process of finding new medications depending
on the knowledge of a biological target such as receptor
agonists, antagonists, inverse agonists, or modulators;
ion channel openers or blockers; enzyme activators or
inhibitors. In the most basic sense, drug design involves
the design of molecules that are complementary in shape
and charge to the molecular target with which they
interact and bind. Therefore, this study was carried out
to demonstrate the binding of selenourea compound to
glutathione s-transferase enzymes (GSTs) which are a
superfamily of proteins found in all cellular organisms,
which usually exist as multiple isoforms have many
different exogenous and multifunctional enzymes that
detoxify endogenous compounds.®* This extensive family
has been categorized into at least 13 classes. The 3 big
families of proteins cytosolic based upon alpha, beta,
delta, epsilon, zeta, theta, mu, nu, pi, sigma, tau, phi, and
omega, mitochondrial based Kappa, and microsomal
GSTs like Membrane-Associated Proteins in Eicosanoid
and Glutathione metabolism (MAPEG) superfamily. One
general function of these superfamilies is the
involvement in detoxication reactions for both
endogenous and xenobiotic compounds.® Besides their
molecular and catalytic role (Figure 2), GSTs may bind to
a range of exogenous and endogenous compounds in a
non-catalytic manner. These affect hormones, fatty
acids, bilirubin, and xenobiotics.®” GSTs are phase |
metabolic enzymes that play a key role in drug
metabolism.® GSTs act as the thiol group of glutathione
(GSH) in the active center to the electrophilic site of a
second substrate to catalyze conjugation reactions. The
glutathione conjugate formed is less toxic and excreted
in soluble form GSTs recognize a large number of
substrates, although the common features of the
substrates are that most of them are hydrophilic, and
carry an electrophilic center.’ The supramolecular
structure of cytoskeletal proteins determines exposed
thiol groups.l® This effect has been associated with
glutathionylation of these sites affecting protein function
by protecting them from irreversible oxidation under
stress conditions or inhibiting polymerization.'*12 In this
manner, maintaining cellular homeostasis and
participating in various pathological processes may be
associated with cancer cell survival, particularly in
telomere-targeted compounds.’®> GSTs protect cancer
cells from oxidative stress and may contribute to tumor
progression by maintaining cellular homeostasis under
oxidative conditions.'* So, inhibition is needed there.
Inhibiting GST activity disrupts the cellular defense
mechanisms against oxidative stress, which results in an
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accumulation of reactive oxygen species (ROS). This
accumulation can  overwhelm cellular  repair
mechanisms, ultimately triggering apoptotic pathways in
cancer cells.'>1® By targeting GSTs, researchers aim to
enhance the efficacy of chemotherapy and reduce cancer
cell survival, particularly in drug-resistant tumors.'’18
Therefore, it is important to determine the inhibition
effect of drugs or combinations on GST enzymes. GST
inhibitors, such as etacrynic acid disrupt the GSH-GST
system. This leads to increased ROS accumulation,
making cancer cells more prone to oxidative stress and
triggering apoptosis. This study aims to investigate the
therapeutic potential of combining selenourea and
Etacrynic acid in targeting GST inhibition, while also
identifying apoptosis-associated cleaved proteins in
breast cancer cells, supported by molecular docking to
predict key binding interactions.

Methods

Material

Cells and Reagents

In our study, the anticancer effects of the combination of
selenourea and etacrynic acid were investigated on
breast cancer cells such as estrogen-positive MCF7 (HTB-
22; ATCC, USA), estrogen-negative MDA-MB-231(HTB-
26; ATCC, USA), and non-cancer cells. RPMI has been
supplemented with 10% fetal bovine serum (FBS),
penicillin (50 IU/mL Capricorn Scientific, Germany),
streptomycin (50 pg/mL, Capricorn Scientific, Germany),
and 2 mM L-glutamine. The cells were incubated in a
humidified incubator at 5% CO, at 37°C. PBS, FBS,
antibiotic (Penicillin-Streptomycin), and Trypsin/EDTA
solution were purchased from Sigma-Aldrich (Germany).
MTS was purchased from Promega (Germany).
Selenourea was purchased from Sigma-Aldrich
(Germany), etacrynic acid was purchased from Sigma-
Aldrich(Germany).

Used devices

In this study, Nuve marked a laminar flow cabinet, a
Thermo-Scientific mark a CO; Incubator, and an Emax-
Plus Microplate reader were used.

Method

Cell proliferation assay with MTS

The MTS assay is a colorimetric assay for assessing a cell’s
metabolic activity. The MTS tetrazolium compound is bio-
reduced by cells into a colored formazan product that is
soluble in the culture medium. This conversion is
presumably accomplished by NADPH or NADH produced
by dehydrogenase enzymes in metabolically active
cells.’® Measurement of the anti-proliferative effect using
the MTS cell proliferation kit was performed in a 96-well
plate using human breast cell lines. Cells were grown in
the appropriate medium and then seeded in 96 well
plates in a 100 uL medium. The presence of 1500 cells in
each well were verified and then incubated at 37°Cin a
5% CO, atmosphere for 24 h. At the end of the time cycle,
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different concentrations from 10 to 140 uM of the test
sample were added. The cells were then incubated under
conditions appropriate for the cell lines ranging from 24
to 72 h. Then, 25 uL of MTS reagent was added to each
well and incubated for 1 h. At the end of the incubation
time, the optical density (OD) of the color was measured
using a microplate reader. The absorbance was
measured at a primary wavelength of 490 nm. The mean
absorbance values were calculated, and the cell viability
percentages were documented using the Excel Office
program. Then the ICsp values were calculated. The best
cell proliferation reducing were found 72 hours and this
time, western blot analysis. The results are shown in
Figure 3. Apoptosis-cleaved protein expression studies
were performed according to the determined ICso values.
Results are shown Figure 3.

Western blotting

Western blotting was carried out as described
elsewhere.!’®* Western blotting was performed to
evaluate the protein expression levels of E-cadherin, B-
catenin, and B-actin in MCF7 and MDA-MB-231 cells.
Cells were lysed using RIPA buffer (Thermo Scientific,
Cat# 89901) supplemented with protease inhibitor
cocktail (Abcam, Cat# ab271306), phosphatase inhibitor
cocktail (Sigma-Aldrich, Cat# P0044), and 1 mM each of
NaF and Na3zVO,. After incubation on ice for 30 minutes,
lysates were centrifuged at 14,000 rpm for 15 minutes at
4°C. Protein concentrations were measured by Bradford
assay (Bio-Rad, Cat#5000006), and 40 ug of total protein
was loaded per lane onto 8-12% SDS-polyacrylamide gels
for electrophoresis at 90V, followed by transfer onto
PVDF membranes (Millipore, Cat# IPVH00010). The
choice of 40 pg total protein was based on prior
optimization trials to achieve optimal band intensity and
clarity, especially for moderately expressed proteins such
as E-cadherin and p-catenin, while maintaining
consistent detection of B-actin as a loading control.
Membranes were blocked in 5% non-fat dry milk in TBS-
T for 1 hour at room temperature and incubated
overnight at 4°C with the following mouse monoclonal
primary antibodies diluted 1:1000 in 2.5% milk-TBS/T:
anti-E-cadherin (Cell Signaling Technology, Cat# 3195,
135 kDa), anti-B-catenin (Cell Signaling Technology, Cat#
8480, 92 kDa), and anti-B-actin (Sigma-Aldrich, Cat#
A5441, 43 kDa, internal control). After washing three
times with TBS-T, membranes were incubated for 1 hour
at room temperature with HRP-conjugated anti-mouse
IgG secondary antibodies (Cell Signaling Technology, Cat#
7076, Anti-rabbit IgG, HRP-linked Antibody #7074,
dilution 1:2000 in 2.5 % milk-TBS/T). Protein bands were
visualized using enhanced chemiluminescence (Bio-Rad
Clarity ECL, Cat# 1705061) and imaged with the UVP
ChemiDoc-It? system. Results are shown Figure 4.

Protein preparation

The methods presented in this paper are specifically
based on machine learning (ML) techniques. The Protein
Data Bank was used for protein preparation. Molecular
docking analyses were made by using network analysis in
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systems to predict their binding mode and binding
energy. Afterward, in silico analysis to evaluate the
pharmacokinetic properties was predicted by using the
ADME software program. The Protein Data Bank20 was
used for molecular docking analysis. The PDB archive
contains information on experimentally determined
structures of proteins, nucleic acids, and complex
assemblies. As a member of RCSB, PDB compiles and
annotates PDB data according to agreed standards. RCS
and PDB also provide a variety of tools and resources.
Users can perform simple and advanced searches based
on annotations related to ranking. PDB IDs and X-RAY
Diffraction Resolutions 3EIN (1.13 A), 1GSD (2.50A),
2WJU (2.30A), 1TDI (2.40A), 1R4W (2.50A), 1GTU (2.68A),
1AQW (1.80 A), 11GS (2.30 A) A chain structures due to
no mutation and homogenization and then all the water
and buffer molecules, as well as the ions, were deleted,
and all the protein subsequently, hydrogen atoms were
added to the system (according to pH 7.4) using the
Protein Preparation tool in the playmolecule.com data
analysis program and, Auto Dock Vina (4.0).24%?

Ligand preparation and optimization

The molecular structures of all of the molecules were
sketched using the ChemBioDraw-Ultra-v12.0 (2010)
software. The chemical structures of known drugs were
retrieved from the PubChem compound database, which
is available at NCBI.?3

ADME, Molecular docking and gene ontology analysis
ADME analysis was performed using the SwissADME
software (version 1.0, 2023) program. The results of this
analysis are shown in Figure 3. Molecular docking
analyses were performed using the Kdeep/data analysis
system.* Perform virtual screening of the compound was
made using a neural-network-based predictor of bind
scope and aesthetic 2D diagrams of protein-ligand
interactions including hydrogen-bonds and pi-pi stacking
were made by Plexview programs (version 1.0, 2023).%
Results were shown in Figure (5-6) and signaling
pathways were made using a state-of-the-art neural
networks pathway map program and gene ontology
analysis were made using by STRING online tool (Figure
6).25 Results are shown Table1, Figure 5, and Figure 6.

H

N Se
" -

H_\_x
H

Figure 1. Chemical structure of selenourea (H,N-C(=NH)-Se): A
selenium analog of urea. The molecule contains a selenium atom
bonded to the central carbon, replacing the oxygen typically found in
urea. This compound is of interest due to its applications in
coordination chemistry and as a precursor for selenium-containing
biomolecules. X-ray crystallographic measurements on crystals at -
100°C give average C=Se bond lengths of 1.86 A and 1.37 A for C-N. Both
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the Se-C-N and N-C-N angles were measured at 120°, as expected for a
sp2-hybridized carbon.?” Both the shortened length of the N-C ¢ bond
and the longer Se=C bond suggest that the lone pair is displaced on
amines; the Se=C 1t bond electrons are attracted to the selenium atom,
while the nitrogen lone pair is attracted to the carbonyl carbon.?® The
synthesis of selenium-containing heterocycles and another class of
reactions take place by complexation of selenurea with transition
metals and metalloids, which is attributed to the electron-donating
effect of the amino groups and the consequent stabilization of the
selenium-metal e bond.

GST binding

GST N-term

Figure 2. GST terminal structure: Structural representation of the GST
(Glutathione S-Transferase) fusion protein. The N-terminal domain (N-
term) is shown in blue, and the C-terminal domain (C-term) is
highlighted in red. The GST-binding site is labeled and structurally
positioned between the two domains, indicating the orientation and
domain organization of the protein.

Results

Cells were treated with increasing concentrations (10—
140 uM) of each compound for 24, 48, and 72 hours. Cell
viability was measured using an MTS assay and is
expressed as a percentage of untreated control cells. The
best results found at 72 hours in both cells. For 72 hours
was the best result, optimization was achieved. We found
that selenourea and etacrynic acid combination reduced
cell proliferation dose and time. Selenourea only
segmented with 50 % inhibition exhibited at 131.26 uM,
101.21uM concentration in MCF7 and MDA-MB231 cell
respectively, while it'’s combination with Etacrynic acid
IC;5 exhibited 41% and 38% at 35-50uM in both cells.
Western blot analyses were performed by combine with
selenourea ICsg and Ethacrynic acid 1C,s and ICso doses at
72 hours.

Figure 3A top panels have shown Etacrynic acid
treatment resulted in dose- and time-dependent
cytotoxicity with I1Cso values of 124.44 uM (MDA-MB-231)
and 88.92 uM (MCF7). Bottom panels: Selenourea also
reduced cell viability with I1Cso values of 131.26 uM (MDA-
MB-231) and 101.21 pM (MCF7).

A)

MCET cell Line

MDA-MB-231 cell line

Etacrymie acid ICp: 12444 1M Etacrynic acid ICq 8392 M

MDA-MB-231 cell line MCF7 cell Line

oI

Solemonrea ICu:131.26 M Selenouren 1€ 10121 M
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B)

cell viability(*%)
el viabilit(%)

Figure 3. Cell proliferation analysis results of etacrynic acid and
selenourea (A) and combination(B) on MDA-MB-231 and MCF7
breast cancer cell lines.

Considering the results of Figure 4, expression slightly
increases with EICso and SICso, and even more in the
combination (E+S) treatment ICso in MDA-MB-231 have
shown a partial reversal of Epithelial Mesenchymal
Transition (EMT) link to E-cadherin, potentially linked to
cell differentiation or apoptosis. Combination treatment,
indicating a reduction in B-catenin signaling, which may
correlate with decreased Wnt pathway activity, relevant
to both proliferation and apoptosis regulation. Generally,
the upregulation of E-cadherin and reduction of B-
catenin in combination treatment in MDA-MB-231 cell
supports a reversal of mesenchymal phenotype, which
can be associated with increased susceptibility to
apoptosis.

Considering the results of Figure 4, the combined E+S
treatment 1Csp in MCF7 cell have exhibited E-cadherin
expression moderate increase compared to non-
combination. This upregulation may reflect either
enhanced cell-cell adhesion or a response to apoptotic
stress (cells often upregulate adhesion molecules in early
apoptosis).

Table 1 results suggest that the molecule is hydrophilic.
This may limit its ability to passively diffuse through the
lipid bilayer of cell membranes. However, it could still be
efficiently taken up by active transport mechanisms,
which is particularly relevant if the molecule targets
intracellular apoptotic pathways. However, compound is
well-suited for oral formulations with 84.1mg/ml so, it
has excellent solubility enhances bioavailability, allowing
the molecule to effectively reach intracellular
compartments and exert potential pro-apoptotic effects.
Moreover, no CYP enzyme inhibition (CYP1A2, CYP2C9,
CYP3A4, etc.) has shown low metabolic interaction and
good pharmacokinetic stability. This compound is
efficiently absorbed and retained in cells and may be an
anticancer agent inducing apoptosis.

Figure 6 top results have shown Reactome pathway
enrichment analysis revealed significant upregulation of
apoptosis-related signaling, particularly R-HSA-111465
(apoptotic cleavage of cellular proteins), indicating that
the treatment triggers both extrinsic caspase activation
and executioner-mediated proteolysis. These findings
are consistent with western blot data showing caspase-
related protein cleavage and align with ADME properties
that predict effective intracellular bioavailability.
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MCF7
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Figure 4. Western blot analysis results.
Table 1. ADME analysis
Category H Property H Abbreviation / Model H Value ” Interpretation / Notes ‘
‘ Log P (Octanol/Water) H iLOGP H 0.00 ” Neutral lipophilicity ‘
‘ Log P H XLOGP3 H -0.69 ” Slightly hydrophilic ‘
‘ Log P H WLOGP H -0.95 ” Hydrophilic l
Lipophilicity
‘ Log P H MLOGP H -1.13 ” Hydrophilic ‘
‘ Log P H SILICOS-IT H -0.85 || Hydrophilic ‘
‘ Consensus Log P H — H -0.16 ” Overall indicates mild hydrophilicity l
‘ Log S H ESOL H -0.16 ” Very soluble ‘
‘ Solubility (mg/mL; mol/L) H ESOL H 84.1 mg/mL; 0.689 mol/L ” Very soluble ‘
‘ Log S H Ali H 0.12 ” Soluble ‘
Water Solubility ‘ Solubility (mg/mL; mol/L) H Ali H 160 mg/mL; 1.31 mol/L ” Soluble ‘
‘ Log S H SILICOS-IT H 0.16 || Soluble l
‘ Solubility (mg/mL; mol/L) H SILICOS-IT H 176 mg/mL ; 1.44 mol/L ” Soluble ‘
‘ Solubility Class H — H Very soluble to soluble ” Favorable for absorption ‘
‘Gastrointestinal Absorption H Gl H High ” Good oral bioavailability l
Bloo‘;fr:;:‘aﬁf"ier BBB No Not CNS-active
‘ P-glycoprotein Substrate H P-gp H No ” Not effluxed by P-gp transporter ‘
‘ CYP1A2 Inhibition H CYP1A2 H No ” Not expected to inhibit ‘
Pharmacokinetics ‘ CYP2C19 Inhibition H CYP2C19 H No ” - ‘
‘ CYP2C9 Inhibition H CYP2C9 H No ” - ‘
‘ CYP2D6 Inhibition H CYP2D6 H No || — l
‘ CYP3A4 Inhibition H CYP3A4 H No || — ‘
‘ Skin Permeability H Log Kp H -7.53 cm/s ” Poor skin penetration ‘
‘ Bioavailability Score H — H 0.55 ” Moderate drug-likeness |
Drug-Likeness Synthetic Accessibility — 3.15 Moderatv(aslzaﬁ::sxﬁc;g;/nthesize
Rule of Five Compliance Lipinski, Veber Complia\;:t;/:/sirt:us;el.sipinski * Drug-like

Log P : Logarithm of partition coefficient (lipophilicity), Log S : Logarithm of solubility, P-gp: P-glycoprotein, CYP:Cytochrome P450
enzymes, Gl :Gastrointestinal, BBB:Blood-Brain Barrier, Kp: Skin permeability coefficient, ESOL, Ali, SILICOS-IT:Solubility prediction
models, iLOGP, XLOGP3: Lipophilicity prediction models
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Figure 5. A: Molecular docking analysis for (PDB ID:1AQW; Glutathione S-Transferase in Complex with Glutathione) GST of selenocysteine
(A) and selenourea (B) Molecular docking analysis for GST inhibition of selenourea. (C) (PDB ID:11GS; Glutathione S-transferase
complexed with etacrynic acid-glutathione conjugate). (D) Protein Domains and features.
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Figure 6. Molecular pathway association with self-normalizing neural networks (top panel) and gene ontology(below pane) of Selenourea

Discussion

Drug designs bind to the biomolecules with which they
interact, changing their structure, shape, and charge
states. Moreover, they affect many other properties,
such as bioavailability, metabolic half-life, side effects,
etc.?® Computer-designed studies have been carried out
recently to show the structure-activity relationship of
drugs, and improving the affinity, selectivity, and stability
of these protein-based therapeutics have also been
developed. So, this study was conducted using computer-
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aid protein-ligand analysis of selenourea compound on
GST family enzyme (Figure 6) Binding selectivity was
defined concerning the binding of Selenourea to a
substrate (protein) forming a complex with non-covalent
interactions, such as hydrogen bonding or Van der Waals
force. Moreover, AGs were found to be -3.6, -3.7, -3.1, -
3.8, 3.1, and -2.8 kcal/mol for GSTA1-1, GST A2, GSTA3,
GST Delta, GST K, and GSTM1, respectively. Selenourea's
low energies are associated with small-molecule
probability, identifying potential therapeutic compounds
capable of modulating the activity of specific biological
targets.
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This study determined a quantitative structure-activity
relationship (QSAR), in which a correlation between
calculated biophysical properties of selenourea (Figure 1)
and significant interactions were observed between
these compounds and with the amino acids of the active
site of the protein with amino acid ion charged (Figure 2).
For example, the selenourea interacts with GST delta
with hydrogen bonds GSH210, GLN124, ASN123, and
ARG122 amino acids. (Alt was bound to hydrogen bind of
GST alpha (A2) with GSH230, and LEU198 amino acids,
but it was not connected to GST Al. GSTA1-1PHE97,
GLN199, SER202 hydrogen bond. For GSTM1 ASP8, TYR6
amino acid binds to hydrogen bound. Finally, there could
be a target between GST Kappa with SER15 MET102
hydrogen bond ARG204 GLU17 contact amino acid
residues. This situation can be associated with GSTK
found in mitochondria. Furthermore, selenourea was
directly bound by GST with GSH201, LEU52 hydrogen
bond AG 2.8 kcal/mol, while selenocysteine was bound
by CYS47, and GLY50, LEU48, and TYR49 amino acid
residue to hydrogen bind with AG-3.84 kcal/mol, but
selenourea bind to LEU52 amino acid hydrogen bound
(Figure 5). GST inhibition of selenourea with complexed
with etacrynic acid-glutathione conjugate amino acid
residue to hydrogen binds LYS2028, LYS2025 with AG-3.0
kcal/mol. A previous study showed that GSTP was
subjected to phosphorylation at Thr109, Ser28, Ser154,
and Ser184; O-glycosylation at Thr5 amino acids, but
unknown placement to N-terminal. When these Figures
(5) are compared to Figure 2, selenourea bonds to the
GST enzyme N-terminal side. A study reported that the
GST N-terminal domain fold is similar to cellular
homeostasis, and detoxification proteins such as
glutathione peroxidases and glutaredoxin.3® The
accumulation of ROS, particularly following the inhibition
of Glutathione S-transferases (GSTs), can trigger
apoptosis in cancer cells.3%3? |dentifying cleaved proteins
such as PARP and Bid provides valuable insights into the
mechanisms by which GST inhibition facilitates apoptosis
and may offer potential therapeutic strategies for cancer
treatment.33

Signaling analysis results (Figure 6) show that selenourea
acts to apoptotic cleave cellular proteins (R-HSA-111465)
found in the cytosol. These proteins are E-cadherin, Beta-
catenin, alpha Fodrin, GAS2, FADK, alpha adducin, HIP-
55, and desmoglein and they have critical roles for cell
adhesion and maintenance of the cytoskeletal structure,
and also these structures target caspase proteins.
Moreover, it has been reported that cleavage of proteins
such as APC and CIAP1 can forward stimulate apoptosis
by producing proapoptotic protein.3#3 In this study, we
conducted E-Cadherin and Beta-catenin protein
expression analyses (Figure 4). We found that both the
ICso dose of etacrynic acid and the ICso concentration of
selenourea, when compared to beta-actin, upregulated
E-cadherin expression in the non-estrogenic MDA-MB-
231 cell line. Additionally, the combination of selenourea
(ICso) and etacrynic acid (ICzs) also upregulated E-
cadherin expression in these cells. When comparing
Beta-catenin expression levels to beta-actin expression,
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individual treatments resulted in upregulation in the
MDA-MB-231 cell line. However, under combination
conditions, Beta-catenin expression was downregulated.
Furthermore, neither the individual treatments nor the
combination had any effect on expression in estrogenic
MCF7 cells. In this case, the combination of selenourea
(ICso) and etacrynic acid (ICzs) also led to downregulation
of expression. This effect is associated with the inhibitory
action of the selenourea and etacrynic acid combination
on GST activity and its selective effect on apoptotic
progression.

Apoptosis and deterioration of redox homeostasis are
among the main mechanisms that lead to multidrug
resistance. Moreover, resistance  to  cancer
chemotherapeutic agents in several oncogenes is
mediated by the overexpression of certain GST enzymes
associated with their ability to catalyze drug conjugation
to GSH. So, in this study, between selenourea and
glutathione-S-transferase complexed with Etacrynic acid-
glutathione conjugate analysis was made for inhibitory
effect. GST inhibitor, Etacrynic acid disrupted the GSH-
GST system. This leads to increased ROS accumulation,
making cancer cells more prone to oxidative stress and
triggering apoptosis. The use of GST inhibitors to manage
to prevent resistance among anticancer agents can be
promised therapeutic emerging as a pro-agent.
Therefore, the effect of medicinally active compounds on
metabolic enzyme determination is crucial for drug
design studies. Despite the limitations of the study,
further in vitro and in vivo analyses of selenourea on drug
metabolism enzymes will increase its biological
importance. Proteomic analysis reveals a subset of
apoptosis-cleaved proteins, including novel candidates,
that regulate cell death in breast cancer.

In conclusion, this study demonstrates that combination
therapy involving selenourea and Etacrynic acid, both
acting as glutathione S-transferase (GST) inhibitors, holds
significant potential in the treatment of breast cancer. By
targeting GST, a key enzyme implicated in detoxification
and drug resistance, this dual approach disrupts cellular
redox balance, leading to the accumulation of reactive
oxygen species and the induction of oxidative stress. This
oxidative stress, in turn, amplifies apoptotic signaling
pathways. Western blot (/E-cadherin, { B-catenin),
ADME analysis (good bioavailability, P-gp evasion), and
functional enrichment, the data collectively supports that
your treatment is effectively inducing apoptosis, likely
through  mitochondrial and DNA-damage-related
pathways. Importantly, our findings reveal that GST
inhibition facilitates the identification of apoptosis-
associated cleaved proteins, suggesting a direct link
between GST suppression and enhanced apoptotic
machinery activation. These cleaved proteins may serve
as novel biomarkers or therapeutic targets in breast
cancer. The observed synergistic effect of selenourea and
Etacrynic acid may be attributed to their complementary
mechanisms, while both inhibit GST, they may
differentially affect metabolic and signaling pathways
associated with tumor cell survival.
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Overall, this combinatorial strategy not only enhances
the efficacy of pro-apoptotic responses in breast cancer
cells but also offers insights into the molecular events
downstream of GST inhibition. These findings underscore
the therapeutic value of simultaneously modulating
redox homeostasis and apoptosis in developing more
effective breast cancer treatments.
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ABSTRACT

Objective: The aim of this study was to evaluate the clinical
features and prognostic factors associated with mortality in
respiratory viral infections in intensive care unit patients.

Methods: This retrospective, single-centre study included adult
patients aged 218 years who were admitted to the intensive care
unit of Kocaeli University Faculty of Medicine between March
2024 and March 2025 and whose respiratory viral agent was
detected by BioFire® Respiratory 2.1 Plus Panel test.
Demographic data, clinical and pneumonia scoring systems
(APACHE I, SOFA, PSI, CURB-65), laboratory parameters and
patient prognosis (survived/non survived) were analysed.

Results: A total of 547 out of 2719 intensive care unit patients
underwent respiratory panel, and at least one viral agent was
detected in 95 (17.4%) of them. The most frequently detected
viruses were rhinovirus/enterovirus (n=22), SARS-CoV-2 (n=15)
and influenza A-H3 (n=23). The intensive care unit mortality rate
was 54.3% in viral positive patients. APACHE Il, SOFA, PSI and
CURB-65 scores as well as urea and procalcitonin levels were
found to be significantly higher in patients with non-survived
(p<0.05). Although mortality rates due to viral agents differed
according to subgroups, this difference was not statistically
significant (p=0.215).

Conclusion: Respiratory viral infections in intensive care unit
patients are associated with mortality, especially in individuals
with high clinical severity scores and some laboratory
parameters. These findings need to be confirmed with larger
sample, multicentre, prospective studies.

Keywords: Respiratory viruses, intensive care unit, influenza,
COVID-19, APACHE Il, SOFA

(074
Amag: Bu calismanin amaci, yogun bakim hastalarinda saptanan

solunum yolu viral enfeksiyonlarinin klinik 6zelliklerini ve mortalite
ile iligkili prognostik faktorleri degerlendirmektir.

Yontem: Bu retrospektif, tek merkezli galismaya, Mart 2024 — Mart
2025 tarihleri arasinda Kocaeli Universitesi Tip Fakiiltesi yogun
bakim tnitesine kabul edilen ve BioFire® Respiratory 2.1 Plus Panel
testi ile solunum yolu viral etkeni saptanan 218 yas eriskin hastalar
dahil edildi. Demografik veriler, klinik ve pnémoni skorlama
sistemleri (APACHE I, SOFA, PSI, CURB-65), laboratuvar
parametreleri ve hasta prognozu (yasam/exitus) analiz edildi.

Bulgular: Toplam 2719 yogun bakim hastasindan 547’sine solunum
paneli uygulanmig, bunlarin 95’inde (%17,4) en az bir viral etken
saptanmistir. En sik tespit edilen virusler rhinoviriis/enteroviris
(n=22), SARS-CoV-2 (n=15) ve influenza A-H3 (n=23) olmustur. Viral
pozitif hastalarda yogun bakim mortalite orani %54,3 bulunmustur.
Olen hastalarda APACHE II, SOFA, PSI ve CURB-65 skorlarinin yani
sira Ure ve prokalsitonin diizeylerinin anlamli derecede yiiksek
oldugu gorulmustur (p<0,05). Alt gruplara gore viral etkenlere bagl
mortalite oranlari farklilik gosterse de bu fark istatistiksel olarak
anlaml bulunmamistir (p=0,215).

Sonug: Yogun bakim hastalarinda gériilen solunum yolu viral
enfeksiyonlari, 6zellikle klinik siddet skorlari ve bazi laboratuvar
parametreleri yliksek olan bireylerde mortalite ile iligkilidir. Daha
genis orneklemli, ¢ok merkezli, prospektif calismalar ile bu
bulgularin dogrulanmasi gerekmektedir.

Anahtar Kelimeler: Solunum yolu virtsleri, yogun bakim, influenza,
COVID-19, APACHE II, SOFA

~

)

*Corresponding author/iletisim kurulacak yazar: Volkan Alparslan; Kocaeli University, Faculty of Medicine, Department of Anesthesiology and

Reanimation, Kocaeli, Turkiye.
Phone/Telefon: +90 (262) 303 75 75, e-mail/e-posta: volkan.alparslan@kocaeli.edu.tr

Submitted/Bagvuru: 02.06.2025 .

Accepted/Kabul: 26.06.2025 °

Bu eser, uluslararasi CC-BY-SA lisansi ile lisanslanmistir. Telif Hakki © 2020 Kocaeli Universitesi Tip Fakiiltesi Dekanligi

Published Online/Online Yayin: 30.06.2025


mailto:volkan.alparslan@kocaeli.edu.tr
https://orcid.org/0000-0002-7224-0578
https://orcid.org/0000-0002-7018-7224
https://orcid.org/0000-0002-3638-9949
https://orcid.org/0000-0002-2797-8514
https://orcid.org/0000-0002-8267-5284
https://orcid.org/0000-0002-1638-2643
https://orcid.org/0000-0001-6381-6371

Alparslan, et al., Respiratory Viral Infections in ICU Patients

Introduction

Bacterial pathogens occur frequently in intensive care,
and the diagnosis of viral infections has increased with
advances in molecular tests.! However, viral infections
have threatened global health, as seen with the 2009
HIN1 pandemic and most recently, the 2019 COVID-19
pandemic.? Despite advances in the diagnosis of viral
infections, antiviral agents used in their treatment are
limited compared to antibiotics.®> The principal defence
mechanism against viral infection is vaccination. Viral
pathogens can cause life-threatening sepsis, acute
respiratory distress syndrome (ARDS), and organ failures.*
According to studies conducted prior to the COVID-19
pandemic, the incidence of viral respiratory infections can
range between 20% and 50%.>® Although the incidence
of respiratory viruses has decreased with the use of
methods such as masks and disinfection during the
COVID-19 pandemic, it has recently begun to rise again as
these measures have been lifted.” The principal viral
respiratory agents most commonly seen in intensive care
are influenza, parainfluenza, respiratory syncytial virus,
metapneumovirus, coronavirus, adenovirus and
rhinovirus.?

There is a strong likelihood of a life-threatening pandemic
following COVID-19.% Therefore, evaluating the clinical
effects of viral respiratory infections in intensive care
patients is of particular importance. This study aimed to
identify the clinical and epidemiological characteristics of
patients with viral respiratory infections in the intensive
care unit (ICU) of a tertiary hospital between 2024-2025,
to determine factors associated with mortality, and to
compare these with the current literature. The study
hypothesis was that mortality in patients diagnosed with
viral respiratory infections would be associated with the
causative pathogen, age, comorbidities, severity of
infection (Acute Physiology and Chronic Health
Evaluation (APACHE) I, Sequential Organ Failure
Assessment (SOFA), Pneumonia Severity Index (PSl),
Confusion, Blood Urea Nitrogen (BUN, optional),
respiratory rate, blood pressure (CURB-65)), and various
laboratory parameters.

Methods

This retrospective, single-center study included patients
who were followed up at the Kocaeli University Faculty of
Medicine General and Postoperative Intensive Care Unit,
Turkey, between March 2024 and March 2025. Patients
aged 18 vyears or older and with positive BioFire®
Respiratory 2.1 Plus Panel (BioFire Diagnostics, Salt Lake
City, UT, USA) tests during admission to the ICU or during
their ICU stay were included. Approval for the study was
granted by the Kocaeli University Non-Interventional
Clinical Research Ethics Committee (Approval number:
GOKAEK-2025/05/33). All patient data were anonymized.
The study data were retrieved through a hospital
information management system and retrospective
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examination of patient files. Data recorded during routine
clinical procedures were used.

The variables investigated included demographic data
(age, sex, underlying chronic diseases, the presence of
immunosuppression, and malignancy), clinical scores
(APACHE Il and SOFA), type of respiratory viral pathogen,
pneumonia scores (PSI and CURB-65), prognosis
(survivors or non-survivors), laboratory findings
(leukocyte, neutrophil, lymphocyte, hematocrit, C-
reactive protein (CRP), procalcitonin(Pct), aspartate
transferase (AST), alanine transaminase (ALT), urea,
creatinine, pH, p0O,, lactate, international normalized ratio
(INR), and activated partial thromboplastin time values
(aPTT), and radiological involvement (single lobe,
multilobular bilateral infiltration, and pleural effusion).

Inclusion Criteria

1. Age18orover

2. Admission to the Kocaeli University Faculty of
Medicine Hospital ICU

3. Being followed up between 31 March, 2024, and
31 March, 2025, and

4. Identification of respiratory infection based on
pathogen-specific PCR testing and laboratory
confirmation

Statistical Analysis

All statistical analyses were performed using IBM SPSS for
Windows version 29.0 (IBM Corp., Armonk, NY, USA). The
Kolmogorov-Smirnov and Shapiro-Wilk tests were used
to assess the normality assumption. Continuous variables
were presented with median and interquartile range
(IQR) values since the normality assumption did not hold.
Categorical variables were presented as the number of
observations and percentages. Comparisons between
groups were performed using the Mann-Whitney U test.
Associations between categorical variables were
examined with the Chi-square test. A p-value <0.05 was
considered statistically significant.

Results

BioFire® Respiratory 2.1 Plus Panel (BioFire Diagnostics,
Salt Lake City, UT, USA) were applied to 547 of the 2,719
patients admitted to our ICU throughout the study
period. At least one respiratory tract virus was detected
in 95 patients (17.4%).

The distribution of viral agents detected in the positive
cases was as follows:

e Rhinovirus/enterovirus: 22 (23.1%)

e SARS-CoV-2:15 (15.7%)

e Coronavirus 0C43:2 (2.1%)

e Parainfluenza virus-3: 11 (11.5%)

e Parainfluenza virus-4: 6 (6.3%)

e Parainfluenza virus-1: 2 (2.15)

e Influenza A-H3 + Influenza A: 23 (24.2%)

e Influenza A (H1N1) 2009 + Influenza A: 2 (2.1%)

o Influenza A (only positive): 4 (4.2%)

e Influenza B: 1 (1.0%)



Alparslan, et al., Respiratory Viral Infections in ICU Patients

e RSVA/B:2(2.1%)
e Human bocavirus: 1 (1.0%)
e Metapneumovirus A/B: 1 (1.0%)
e Adenovirus: 1 (1.0%)
e Coronavirus 229E: 1 (1.05)
e Rhinovirus/enterovirus +
0C43 coinfection: 1 (1.0%)
Of the 95 virus-positive patients, 53 (55.8%) were women
and 42 (44.2%) were men. As one of these patients was
transferred to an external center, the individual was
excluded from the analysis. Analysis was performed on
the remaining 94 patients. Forty-three (45.7%) of these
94 patients were discharged, and 51 (54.3%) died in
intensive care.
A comparison of the survivors and non-survivors revealed
significantly higher SOFA, APACHE II, PSI, and CURB-65
scores in non-survivor patients (p=0.006, p=0.014,
p<0.001, and p<0.001, respectively). These scores,
associated with mortality, have emerged as powerful
indicators of clinical severity and prognosis in patients
with viral infections.
In terms of laboratory parameters, the non-survivor
patients exhibited significantly higher urea levels (62.8
mg/dL (39.1-154.4) vs 35.5mg/dL (19.2-59.1); p<0.001),
and procalcitonin levels (0.13 ng/mL (0.09-0.93) vs. 0.775
ng/mL (0.23-2.54); p=0.002). No significant differences
were observed between the CRP, white blood cell,
lymphocyte, or hematocrit levels of the groups (p>0.05).
In terms of comorbid diseases, the mortality rate was
significantly higher in the patients with chronic
obstructive pulmonary disease (COPD) (78.9% vs 48.0%;
p=0.016). However, no significant association was found
between mortality and the presence of hypertension
(p=0.309), diabetes mellitus (p=0.649), or chronic heart
failure (p=0.761). A comparison of clinical and laboratory
parameters between survivors and non-survivors is
presented in Table 1.

Coronavirus

Table 1. Comparison of clinical and laboratory findings between
survivors and non-survivors

Survivors Non-survivors

(n=43) (n=51) P
Age 67 (47-76) 71 (58-77) 0.290
PSI 125 (0-140) 155 (127-196) <0.001
CURB-65 1(0-3) 2(2-4) <0.001
CRP 100.4 (31.03-153.2)  91.9(39.2-184.7) 0.306
Procalsitonin ~ 0.13 (0.09-0.93) 0.77 (0.23-2.54) 0.002
Urea 35.5(19.2-59.1) 62.8 (39.1-154.4) <0.001
SOFA 6 (4-7) 8(5-10) 0.006
APACHE Il 19 (16-22) 24.5(18.75-28.25)  0.014
WBC 8.26 (6.92-15.9) 11.9 (7.92-18.6) 0.084
Lymphocyte 1.03 (0.69-1.78) 0.76 (0.4-1.64) 0.174
Haematocrit 32.7(28.1-36.7) 31.6 (26.1-35.2) 0.216

Values are presented as median (IQR). Comparisons between survivors
and non-survivors were performed using the Mann—Whitney U test. A
p-value <0.05 was considered statistically significant.

IQR: Interquartile range, PSI: Pneumonia severity index, CRP: C-reactive
protein, SOFA: Sequential Organ Failure Assessment, APACHE II: Acute
Physiology and Chronic Health Evaluation Il, WBC: White blood cell
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From the perspective of clinical scoring systems, PSI,
CURB-65, SOFA, and APACHE Il scores were significantly
higher in non-survivors than in survivors (p<0.001,
p<0.001, p=0.006, and p=0.014, respectively). These
differences are shown in boxplots in Figure 1 and Figure
2.

Examination of laboratory parameters associated with
mortality in this study revealed significantly higher urea
and procalcitonin levels in non-survivors than in survivors
(p<0.001 and p=0.002, respectively). These differences
are shown in boxplots in Figure 3.

When mortality rates were analyzed according to the
most frequently detected viral subtypes, 36.4% of the
patients who tested positive for rhinovirus/enterovirus,
66.7% of those positive for SARS-CoV-2, and 50% of those
positive for influenza A-H3 were non-survivors. However,
these differences were not statistically significant (p =
0.215).

Discussion

Viral respiratory infections were detected in 95 of the 547
patients whose respiratory panels were investigated in
the ICU of a tertiary university hospital in this study. This
figure (17.4%) is consistent with previously reported rates
and is similar to the 22.4% reported by Al-Dorzi et al.’ in
their Saudi Arabia-based study. The mortality rate in viral-
positive patients was 54%.

Scores such as APACHE II, SOFA, PSI, and CURB-65, which
were significantly associated with mortality in this study,
were of prognostic value in this patient group. Similarly,
Al-Dorzi et al. identified PSI scores as independent
predictors of admission to intensive care and in-hospital
mortality.

Despite the prevalence of comorbidities such as
hypertension, heart failure, and malignancy in this study,
the variables most closely linked to mortality were the PSI
and SOFA scores. Immunosuppression and bacterial
superinfections increase mortality, particularly in cases of
sepsis associated with viral infections.°

Viral infections began to increase again with the lifting of
protective measures, such as masks and isolation, in the
wake of the COVID-19 pandemic. According to the
Centers for Disease Control and Prevention datal,
influenza alone produces between 9 and 41 million cases
and causes 4,900-51,000 deaths annually.

Another important finding of the present study is that
mortality occurred in approximately half of the patients
with viral infections. This may be attributed to the limited
early diagnosis and effective treatment of viral infections.
The limited number of antiviral agents and the fact that
priority is usually attached to support therapy is one of
the factors contributing to the high mortality in viral
infections.

In this study, high mortality rates due to viral respiratory
infections were observed in patients under follow-up in
the intensive care unit. Similarly, in their extensive 10-
year analysis, O’Halloran et al.'? reported significantly
higher influenza-associated hospital admission, intensive
care requirement, and in-hospital mortality rates and
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noted that these outcomes were more common among
socially disadvantaged groups in particular. This shows
that epidemiological risk factors should be considered in
addition to clinical factors in the management of viral
infections.

In our study, when laboratory parameters associated with
mortality were evaluated, procalcitonin and urea levels
were significantly higher in patients who died. This
finding is important in terms of demonstrating the effects
of systemic inflammation and organ dysfunction on
mortality. Previous studies have shown that procalcitonin
levels are associated not only with bacterial
superinfection but also with severe inflammatory
responses, such as cytokine storms, and are a valuable
biomarker for predicting prognosis. The COVIDeF cohort
study by Cancella de Abreu et al.®® also found that
elevated procalcitonin levels were independently
associated with in-hospital deterioration (ICU admission,
mechanical ventilation, ARDS development, or death). In
the same study, urea levels were also shown to be
significantly associated with poor clinical outcomes,
because elevated urea levels may be associated with a
severe course of the disease and fatal outcomes,
especially through renal dysfunction and tissue perfusion
insufficiency. In this context, procalcitonin and urea levels
should be considered for early risk stratification and
prognosis determination in intensive care unit patients
with viral respiratory tract infections.

In subgroup analyses, numerical differences were
observed between mortality rates according to viral
agents; however, these differences were not statistically
significant. This is probably due to the relatively low

p=0.014

APACHE Il
3

Survived Non-survived

SOFA

number of patients infected with each viral agent.
Similarly, it has been reported that larger samples are
needed to evaluate the effect of viral subtypes on
mortality.1*15

This study had several limitations. In particular, owing to
its single-center and retrospective design, the
generalizability of the results may be limited. In addition,
the relatively small number of patients may have reduced
the statistical power of the comparisons between
subgroups. Due to missing laboratory and clinical data in
some patients, we were unable to obtain a complete
dataset for all variables. Additionally, because the
vaccination status of the patients was not known, we
were unable to assess the potential effect of vaccination
on disease severity or outcomes. In light of these
limitations, the study’s findings should be interpreted
with care. Future multicenter prospective studies with
larger samples will yield stronger evidence on this
subject.

In conclusion, this study revealed that mortality rates are
high in cases of viral respiratory infection followed up in
the ICU and that the presence of COPD and clinical scores
such as APACHE 1II, SOFA, PSI, and CURB-65 are
significantly associated with mortality. Careful evaluation
of clinical scoring systems and early laboratory markers is
of critical importance for the early identification of high-
risk patients and optimization of intensive care
management. Our findings support the importance of
risk classification in the management of viral pneumonia,
and further prospective studies with larger sample sizes
are needed.
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Figure 1. A comparison of APACHE Il and SOFA scores in survivors and non-survivors
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Figure 2. A comparison of CURB-65 and PSI scores in survivors and non-survivors
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Figure 3. A comparison of procalcitonin and urea levels in survivors and non-survivors

Ethical Approval

Approval for the study was granted by the Kocaeli
University Non-Interventional Clinical Research Ethics
Committee (Approval number: GOKAEK-2025/05/33).

Conflict of Interest
There is no conflict of interest to declare.

Author Contributions

VA, OG: Conceptualization, methodology, formal analysis
and investigation, writing-original draft preparation; SK,
iiA: Data curation; VA, AK, NB, AK: Writing-review and
editing; AK, NB, AK: Supervision

Financial Support
None

References

1. Fragkou PC, Moschopoulos CD, Karofylakis E, Kelesidis T,
Tsiodras S. Update in viral infections in the intensive care
unit. Front Med  (Lausanne). 2021;8:575580.
doi:10.3389/fmed.2021.575580

2. XulQ, Zhang WY, Fu JJ, et al. Viral sepsis: diagnosis, clinical
features, pathogenesis, and clinical considerations. Mil
Med Res. 2024;11:78. doi:10.1186/s40779-024-00581-0

3. Kelesidis T, Mastoris |, Metsini A, Tsiodras S. How to
approach and treat viral infections in ICU patients. BMC
Infect Dis. 2014;14:321. doi:10.1186/1471-2334-14-321

4. Lin GL, McGinley JP, Drysdale SB, Pollard AJ. Epidemiology
and immune pathogenesis of viral sepsis. Front Immunol.
2018;9:2147. doi:10.3389/fimmu.2018.02147

5. Hong HL, Hong SB, Ko GB, et al. Viral Infection is not
uncommon in adult patients with severe hospital-acquired
pneumonia. PLoS One. 2014;9(4):e95865.
doi:10.1371/journal.pone.0095865

6. Piralla A, Rovida F, Girello A, et al. Frequency of respiratory
virus infections and next-generation analysis of influenza
A/H1IN1pdm09 dynamics in the lower respiratory tract of
patients admitted to the ICU. PLoS One.
2017;12(6):e0178926. doi:10.1371/journal.pone.0178926

7. Olsen SJ, Winn AK, Budd AP, et al. Changes in influenza and
other respiratory virus activity during the COVID-19
Pandemic-United States, 2020-2021. MMWR Morb Mortal
Wkly Rep. 2021;70(29):1013-10109.
doi:10.15585/mmwr.mm7029al. PMID: 34292924

8. Telenti A, Arvin A, Corey L, et al. After the pandemic:
perspectives on the future trajectory of COVID-19. Nature.

216

10.

11.

12.

13.

14.

15.

2021;596(7873):495-504. d0i:10.1038/541586-021-
03792-w

Al-Dorzi HM, Alsafwani ZA, Alsalahi E, et al. Patients with
influenza admitted to a tertiary-care hospital in Riyadh
between 2018 and 2022: characteristics, outcomes and
factors associated with ICU admission and mortality. BMC
Pulm Med. 2024;24(1):464. doi:10.1186/s12890-024-
03281-6

Verdier V, Lilienthal F, Desvergez A, Gazaille V, Winer A,
Paganin F. Severe forms of influenza infections admitted in
intensive care units: Analysis of mortality factors. Influenza
Other Respir Viruses. 2023;17(7):e13168.
doi:10.1111/irv.13168

Naquin A, O’Halloran A, Ujamaa D, et al. Laboratory-
confirmed influenza-associated hospitalizations among
children and adults-influenza hospitalization surveillance
network, United States, 2010-2023. MMWR Surveill
Summ. 2024;73(6):1-18. doi:10.15585/mmwr.ss7706al
O’Halloran AC, Holstein R, Cummings C, et al. Rates of
influenza-associated hospitalization, intensive care unit
admission, and in-hospital death by race and ethnicity in
the United States from 2009 to 2019. JAMA Netw Open.
2021;4(8):e2121880.
doi:10.1001/jamanetworkopen.2021.21880

Cancella De Abreu M, Ropers J, Oueidat N, et al.
Biomarkers of COVID-19 short-term worsening: a
multiparameter  analysis  within  the prospective
multicenter COVIDeF cohort. European Journal of
Emergency Medicine. 2024;31(6):429-437.
doi:10.1097/MEJ.0000000000001175

Ambrosch A, Luber D, Klawonn F, Kabesch M. Focusing on
severe infections with the respiratory syncytial virus (RSV)
in adults: Risk factors, symptomatology and clinical course
compared to influenza A / B and the original SARS-CoV-2
strain. J Clin Virol. 2023;161:105399.
doi:10.1016/j.jcv.2023.105399

Surie D, Yuengling KA, DeCuir J, et al. Severity of
respiratory syncytial virus vs COVID-19 and influenza
among hospitalized US adults. JAMA Network Open.
2024;7(4):e244954.
doi:10.1001/jamanetworkopen.2024.4954



Kocaeli Universitesi

doi: 10.53446/actamednicomedia.1626897

Cilt: 8 Sayi: 2 Haziran 2025 / Vol: 8 Issue: 2 June 2025
https://dergipark.org.tr/tr/pub/actamednicomedia

Research Article | Arastirma Makalesi

EVALUATION OF HEART RATE VARIABILITY IN CHILDREN PRESENTING
WITH SYNCOPE

SENKOP iLE BASVURAN COCUKLARDA KALP HIZI DEGISKENLIGININ DEGERLENDIRILMES]

@ Bekir Yikcu*, @ Betul Diler Durgut?, @ Emine Tekin?, @ Fidel Ceren Yavuzyilmaz3

1Giresun Obstetric and Pediatric Disease Education and Research Hospital, Department of Pediatric Cardiology, Giresun, Tirkiye. 2Giresun Obstetric and

Pediatric Disease Education and Research Hospital ocaeli University, Department of Pediatric Neurology, Giresun, Tlrkiye. 3Giresun Obstetric and
Pediatric Disease Education and Research Hospital, Department of Pediatrics, , Tiirkiye.

-~

-

ABSTRACT

Objective: This study evaluated the diagnostic value of heart rate
variability (HRV) parameters obtained from 24-hour Holter
monitoring in pediatric patients with vasovagal syncope (VVS)
and compared them to a control group. The study also analyzed
time-domain and frequency-domain HRV parameters to explore
the autonomic mechanisms underlying VVS and the diagnostic
potential of HRV.

Methods: This retrospective study was conducted at Giresun
Women'’s and Children’s Health Training and Research Hospital.
The study included 41 pediatric patients with syncope and 36
healthy  controls who underwent 24-hour Holter
electrocardiography (ECG) monitoring for suspected arrhythmia;
however, no arrhythmia was found. Comprehensive cardiac,
neurological, and demographic evaluations were performed for
all participants. HRV parameters were analyzed from 24-hour
Holter recordings, and group comparisons were performed using
the Mann-Whitney U test. Spearman correlation and Receiver
Operating Characteristic analyses were also conducted.

Results: Time-domain HRV parameters were significantly lower
in the syncope group compared to those in the control group (p
< 0.05). No significant differences were observed in frequency-
domain parameters. The standard deviation of normal-to-
normal RR intervals (SDNN) demonstrated the highest diagnostic
accuracy, with a cut-off value of <163 ms (Area Under the Curve:
0.753, sensitivity: 72.2%, specificity: 75.6%).

Conclusion: HRV parameters obtained from 24-hour Holter
monitoring provide valuable insights into autonomic imbalance
in pediatric VVS. SDNN emerged as a strong diagnostic marker in
this regard. Further studies with larger, more homogeneous
populations are needed to establish normative HRV values and
refine diagnostic criteria in pediatric populations.

Keywords: 24-hour Holter monitoring, autonomic imbalance,
heart rate variability, vasovagal syncope
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Amag: Bu galismada, pediatrik vazovagal senkop (VVS) hastalarinda
24 saatlik Holter monitorizasyonu ile elde edilen kalp hizi
degiskenligi  (HRV)  parametrelerinin  tanmisal  degerinin
degerlendirilmesi  ve kontrol grubu ile karsilastiriimasi
amaglanmigtir. Zaman alani ve frekans alani HRV parametreleri
incelenerek VVS'nin altta yatan otonom mekanizmalari ve HRV’nin
tanisal potansiyeli arastiriimigtir.

Yontem: Retrospektif tasarlanan bu ¢alisma, Giresun Kadin Dogum
ve GCocuk Hastaliklari Egitim ve Arastirma Hastanesi’'nde
gergeklestirildi. Calismaya, senkop sikayeti ile basvuran 41 gocuk
hasta ve aritmi slUphesi nedeniyle 24 saatlik Holter
elektrokardiyografi (EKG) monitorizasyonu yapilan ancak herhangi
bir aritmiye rastlanmayan 36 saglikli kontrol dahil edildi. Tum
hastalar  kapsamh  kardiyak, norolojik ve  demografik
degerlendirmelere tabi tutuldu. HRV parametreleri 24 saatlik
Holter EKG kayitlarindan analiz edildi ve gruplar arasi farklar Mann-
Whitney U testi ile degerlendirildi. Ayrica, Spearman korelasyon ve
Alici Calisma Karakteristigi (ROC) analizi yapildi.

Bulgular: Zaman alani HRV parametreleri, senkop grubunda
kontrol grubuna goére anlamh olarak dusik bulundu (p<0,05).
Frekans alani parametreleri agisindan gruplar arasinda anlaml fark
tespit edilmedi. Ardisik normal sinls kalp atimlar arasindaki
strenin standart sapmasinin (SDNN) 163 ms altindaki degerler,
vasovagal senkopu ongormede en yiksek tanisal dogrulugu
gosterdi (Egrinin Altindaki Alan (AUC): 0,753, duyarlihk: %72,2,
ozgullik: %75,6).

Sonug: Yirmidort saatlik Holter monitérizasyonu ile elde edilen HRV
parametreleri, pediatrik VVS hastalarinda otonom disfonksiyonu
degerlendirmede etkili bilgiler saglayabilir. SDNN, guigli bir tanisal
belirte¢ olarak 06ne g¢ikmaktadir. Normatif HRV degerlerinin
olusturulmasi igin daha genis ve homojen popilasyonlarla
yapilacak galismalara ihtiyag vardir.

Anahtar Kelimeler: 24 saat Holter monitorizasyonu, kalp hizi
degiskenligi, otonomik dengesizlik, vazovagal senkop.
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Introduction

Syncope is a temporary and self-limiting loss of
consciousness caused by decreased cerebral blood flow
and marked by rapid onset, brief duration, and
spontaneous recovery.? Syncope is a frequent clinical
concern in children and adolescents, with approximately
15% having at least one episode by the end of childhood
adolescence.>* Vasovagal syncope (VVS) is the most
common cause, typically triggered by long periods of
standing, emotional stress, or environmental factors.!
VVS is linked to autonomic imbalance, which may involve
parasympathetic overactivity, sympathetic inhibition, or
a combination of both, thereby resulting in hypotension
and bradycardia.>> While typically harmless, recurrent
VVS considerably influences quality of life and impacts
physical, psychological, and psychosocial activities.®”
Heart rate variability (HRV) is defined as the variation in
time between successive heartbeats.® Measuring this
variability provides a non-invasive assessment of
autonomic nervous system (ANS) activity. It indicates the
balance between sympathetic and parasympathetic
heart rate regulation and assesses autonomic balance,
blood pressure, gas exchange, vascular tone, and
functions such as gut activity and facial muscle
movement regulation.>!® ANS activity enables us to
better adjust to difficult environmental and psychological
factors. Conversely, disruption of this system and the
resulting decrease in HRV, a marker of autonomic
imbalance, have been associated with negative effects on
a range of cardiovascular and non-cardiovascular
conditions in both adults and children.®>'%'2 Moreover,
HRV has been used for various clinical conditions,
including respiratory distress syndrome, significant
patent ductus arteriosus, congenital heart defects,
neonatal sepsis, necrotizing enterocolitis, anxiety
disorders, obstructive sleep apnea, depression and
neurological issues injuries.'>2! But a higher HRV is not
always positive; it can indicate a higher mortality risk,
particularly in older adults, likely due to conduction
issues and abnormalities.?? Therefore, many studies have
been conducted to establish optimal HRV norm values;
however, studies on children in this field remain
limited.®?32* An ideal HRV is a sign of a robust, adaptable
ANS capable of effective self-regulation.

In cases of syncope, lower HRV frequently indicates an
autonomic imbalance, particularly in VVS, where there is
excessive parasympathetic activity or diminished
sympathetic response is predominant.'*% By analyzing
time-domain and frequency-domain parameters, HRV
provides valuable insights into the pathophysiological
mechanisms underlying syncopal episodes, thereby
making it an essential non-invasive tool in clinical
investigations.%?* Despite its potential, only a limited
number of pediatric studies have investigated HRV in
VVS, thus leaving a gap in understanding baseline HRV
values and their diagnostic utility in this population.?®
This study aims to evaluate the predictive value of HRV
parameters obtained from 24-hour Holter monitoring,
which is regarded as more reliable and comprehensive

than short-term HRV measurements, in distinguishing
pediatric patients with VVS from healthy controls. By
investigating both time-domain and frequency-domain
HRV metrics, the study seeks to clarify the autonomic
mechanisms underlying VVS and explore the potential of
HRV as a diagnostic tool. These findings could help refine
diagnostic criteria and enhance clinical management
strategies for pediatric syncope.

Methods

The study was approved by the ethics committee of
Giresun University (April 2023 / Decision No: 2) and were
performed in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later
amendments.
Study Population
This retrospective cross-sectional study was conducted
between June 2022 and December 2024, with 92 patients
aged 6-12 years who presented with acute loss of
consciousness at the Pediatric Neurology and Pediatric
Cardiology outpatient clinics of Giresun Women’s and
Children’s Health Training and Research Hospital. The
study focused exclusively on pediatric patients diagnosed
with VVS. It was conducted according to the principles
outlined in the Canadian Cardiovascular Society and
Canadian Pediatric Cardiology Association Position
Statement on the Approach to Syncope in the Pediatric
Patient.?’” VVS is a syncopal syndrome usually triggered
by standing for over 30 seconds or encountering pain,
emotional stress. It presents symptoms such as warmth,
sweating, pallor, and nausea; is linked to hypotension
and relative bradycardia when present; and s
characterized by post-event fatigue.
The control group consisted of patients who underwent
24-hour Holter monitoring for ventricular extrasystoles
rather than palpitations, thus ensuring a more
appropriate comparison with the patient group.
Additionally, the patients were divided into two age
groups: those aged 6-12 years were classified as the
preadolescent group, and those aged 12—-18 years were
classified as the adolescent group.
Syncope Group Inclusion Criteria
e At least three syncopal episodes within the last
year
e No serious cardiac finding (including ECG, 24-
hour Holter monitoring, and echocardiography
(may be accompanied by mild symptoms that do
not require treatment or follow-up)
e Normal neurological evaluations (including EEG)
e No other identifiable etiology for syncope
(anemia, psychological disease)
e No medication used for acute and chronic
diseases
Control Group Inclusion Criteria
e No syncope history within the last year
e No cardiac, neurological, or psychological
symptoms (may be accompanied by mild
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symptoms that do not require treatment or
follow-up)
e No medication used for acute and chronic
diseases
e No arrhythmia on Holter monitoring.

Patient Selection
Patients presenting to the pediatric cardiology clinic with
acute loss of consciousness and a preliminary diagnosis
of cardiac syncope were initially evaluated with a
detailed medical history and physical examination.
Patients diagnosed with typical VVS during this
evaluation were discharged with recommendations for
lifestyle modifications and follow-up. Patients referred
with murmurs, palpitations, chest pain, family history of
cardiac disease, history of sudden death, prolonged loss
of consciousness (>5 minutes), or recurrent syncope
underwent further investigations, including
electrocardiography (ECG), echocardiography, and 24-
hour Holter monitoring.
Among these patients, those diagnosed with VVS formed
the study group. Following exclusions for epileptic
seizures (n = 6, generalized tonic-clonic), cardiac syncope
(n = 2, pulmonary embolism, supraventricular
tachycardia), and incomplete Holter data (n = 43), 41
patients diagnosed with VVS were included in the study.
The control group included patients referred to the
pediatric cardiology clinic due to a murmur but without
complaints. Among these patients, those who underwent
Holter monitoring because ventricular extrasystoles were
detected on their ECG and had no ventricular
extrasystoles or any other arrhythmias on Holter
recordings were included.
Data Collection
A retrospective review was conducted on the medical
records of patients diagnosed with VVS. Demographic
data—including gender, age, weight, height, body mass
index, socioeconomic status, and educational
background—were obtained. Information regarding the
pattern, timing, frequency, and duration of syncope,
triggering factors, and history of cardiac or neurological
diseases was recorded. Clinical findings from physical
examinations, blood pressure measurements, ECGs,
echocardiograms, and 24-hour Holter monitoring
parameters were analyzed. Laboratory results were also
collected, including hemoglobin, glucose, sodium,
calcium, potassium, thyroid-stimulating hormone,
vitamin B12, and vitamin D levels. Moreover, the
Modified Calgary score of all patients included in the
study was calculated and recorded.?®
24-Hour ECG Monitoring
All participants underwent 24-hour ECG recordings using
a GE Healthcare SEER 1000 Holter monitor (seven
channels, California, USA). The Holter device was
attached during daily activities, and the recorded data
were analyzed using the device’s proprietary software
and with artifact corrections applied. The HRV
parameters analyzed in this study included both time-
domain and frequency-domain measures, described
bE|OW.11‘25‘29
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All time-domain parameters were calculated using the
complete 24-hour Holter recordings. Minimum,
maximum, and mean heart rates were analyzed to assess
HRV over the recording period. The total number of QRS
complexes and the total duration of Holter recordings
were quantified. Mean and median RR intervals—
representing the average and median times between
successive R waves, respectively—were measured in
milliseconds. The standard deviation of normal-to-
normal (SDNN) RR intervals, served as a global marker of
HRV. At the same time, the standard deviation of the
averages of normal-to-normal (SDANN) RR intervals
across all five-minute segments, thereby reflecting
longer-term variability. The overall variability of RR
intervals was further assessed using the standard
deviation of RR (SDRR) intervals. Further, the HRV
triangular index (HRV TI) quantified overall variability by
dividing the total number of all NN intervals by the peak
height of their histogram. Additionally, NN50,
representing the count of interval differences greater
than 50 milliseconds between successive NN intervals,
and pNN50%, the percentage of such intervals, was
calculated to assess short-term variability. The root mean
square of successive RR interval differences (RMSSD)
provided insight into parasympathetic activity. Lastly, the
SDNN Index, derived as the mean of the five-minute
standard deviations of NN intervals over 24 hours,
provided a measure of variability attributed to cycles
shorter than five minutes.®

Frequency-domain parameters were also analyzed to
evaluate the power distribution across different
frequency bands®:

e High-frequency (HF) power in normalized units:
The relative power of the high-frequency band
(0.15 Hz—-0.4 Hz) in normal units.

e Low-frequency (LF) power in normalized units:
The relative power of the low-frequency band
(0.04 Hz—-0.15 Hz) in normal units.

e The LF/HF ratio, calculated as the ratio of LF
power to HF power, is a marker of autonomic
balance.

e The Symindex, derived from logarithmic
transformation, assesses the ratio of LF power
to HF power in normalized units, thus offering
another perspective on the balance between
sympathetic and parasympathetic contributions
to HRV.

Statistical Analysis

This study conducted all statistical analyses using SPSS
version 25 (IBM Corp., Armonk, NY, USA). The Shapiro—
Wilk test was used to assess the normality of continuous
variables. Since the data did not follow a normal
distribution, continuous variables were presented as
median (minimum—maximum) values, while categorical
variables were summarized as numbers and percentages
(n, %). Patients were categorized into two groups: the
patient group (individuals experiencing syncope) and the
control group (individuals not experiencing syncope). The
Mann-Whitney U test was used to compare continuous
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variables across groups, and categorical variables were
assessed using the chi-square test. For variables
identified as statistically significant in the Mann—Whitney
U test, receiver operating characteristic (ROC) analysis
was conducted to determine threshold values for
predicting syncope. Further, corresponding ROC curves
were generated to visualize the discriminatory ability of
these variables. The correlation matrix heatmap was
generated to analyze the relationships between
statistically significant HRV parameters. The heatmap
was created with the assistance of the ChatGPT-4.0
model (OpenAl, San Francisco, USA), which facilitated the
visualization of these relationships. The research utilized
a 95% confidence interval, thereby guaranteeing strong

and dependable statistical results. A significance level of
p < 0.05 was deemed statistically significant for all tests.

Results

The median age of the study population was 13 years
(25th—75th percentile: 11-15 years), and 55.8% of the
participants were female. Normal sinus rhythm was
observed in 80.5% of patients, while normal
echocardiographic findings were noted in 64.9% of them.
The median systolic and diastolic blood pressures were
110 mmHg (97.5-116.5) and 61 mmHg (56—-68.5) (Table
1).

Table 1. Characteristics of Clinical and Demographic Data in Syncope and Control Groups

Parameters n (%)
Median (25t"-75th Percentiles)
Gender Male 34 (44.2%)
Female 43 (55.8%)
Age (years) 13 (11-15)
Family History of Cardiac Disease Yes 14 (18.2%)
No 63 (81.8%)
Family History of Epilepsy Yes 12 (15.6%)
No 65 (84.4%)
Family History of Syncope Yes 3(3.9%)
No 74 (96.1%)

Rhythm Normal Sinus Rhythm
Sinus Arrhythmia
Sinus Bradycardia

Sinus Tachycardia

62 (80.5%)
9 (11.7%)
4 (5.2%)
2(2.6%)

Echocardiographic Findings Normal

PFO

MVP-MI
PDA

Number of Syncope (episodes)
RDW_SD (%)

RDW_CV (%)

Glucose (mg/dL)

TSH (WU/ml)

Hemoglobin (g/dL)

Vitamin B12 (pg/ml)

Vitamin D (nmol/l)

Systolic Blood Pressure (mmHg)
Diastolic Blood Pressure (mmHg)
Mean Blood Pressure (mmHg)
QTc Interval (ms)

SF (%)

Holter HRV Minimum (ms)
Holter HRV Average (ms)
Holter HRV Maximum (ms)
Holter Duration (hours)

Mitral Insufficiency

Aortic Pathologies

Coronary Chamber Fistula

50 (64.9%)

18 (23.4%)
4(5.2%)
1(1.3%)
1(1.3%)
1(1.3%)

2 (2.6%)

2(1-3)

37 (34.2-39.0)
13 (12.45-13.60)
78 (70-87)

2.06 (1.6-2.8)
13.2 (12.4-13.9)
345 (262-473)
18 (12.3-23.5)
110 (97.5-116.5)
61 (56-68.5)
75.3 (69.8-83.7)
405 (391-419)
38 (36-42)

55 (49-59)

85 (77-89)

143 (133-152)
19.7 (18.6-21.1)

Abbreviations: B12: Vitamin B12, BP: Blood Pressure, CV: Coefficient of Variation, HRV: Heart Rate Variability, MI: Mitral Insufficiency,
MVP: Mitral Valve Prolapse, PDA: Patent Ductus Arteriosus, PFO: Patent Foramen Ovale, QTc: Corrected QT Interval, RDW: Red Cell
Distribution Width, SD: Standard Deviation, SF: Shortening Fraction, TSH: Thyroid-Stimulating Hormone

The median age of participants was 13 years (6—17) in the
syncope group and 14 years (9-17) in the control group
(p = 0.095). The Holter minimum heart rate was 57 bpm
(43 bpm-76 bpm) in the syncope group and 51.5 bpm (40
bpm-81 bpm) in the control group (p = 0.015). The SDNN
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and SDANN values were significantly lower in the
syncope group, with medians of 139 ms (97 ms—264 ms)
and 113 ms (71 ms—237 ms) (p < 0.001 for both) (Table
2).
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Table 2. Comparative Analysis of Clinical, Hemodynamic, and Heart Rate Variability Parameters Between the Pediatric Syncope and

Control Groups

Parameters (Unit) Syncope Group (N = 41) Control Group (N = 36) p
Median (Min—-Max), n (%) Median (Min—-Max), n (%)
Age (years) 13 (6-17) 14 (9-17) 0.095°
Number of Syncope (episodes) 2 (1-6) 0(0) <0.001°
RDW SD (%) 35.6 (31.6-45.3) 38.5 (29-47.9) 0.001°
RDW CV (%) 12.6 (10.6-15.6) 13.4 (12.4-15.6) <0.001°
Glucose (mg/dL) 76 (68-95) 75 (69-99) 0.234
Hemoglobin (g/dL) 13.2 (10-16.6) 13.1(11.2-16.9) 0.890°
TSH (nIU/mL) 1.9 (0.6-4.8) 2.12 (0.64-6.1) 0.2532
Vitamin B12 (pg/ml) 342 (158-828) 370 (136-2630) 0.862°
Vitamin D (nmol/l) 16 (3.8-42) 19 (7.4-47.2) 0.279°
Systolic Blood Pressure (mmHg) 109 (80-134) 110 (85-138) 0.8452
Diastolic Blood Pressure (mmHg) 61 (54-82) 64 (57-86) 0.5522
Mean Blood Pressure (mmHg) 78 (72-91) 80 (70-94) 0.564°
Baseline Heart Rate (bpm) 80 (53-114) 80 (56-121) 0.732?
QTc Interval (ms) 410 (379-465) 396 (383-426) 0.038°
Shortening Fraction (SF) (%) 38 (31-49) 37 (32-48) 0.849°
Time Domain Parameters
Holter Minimum Heart Rate (bpm) | 57 (43-76) 51.5 (40-81) 0.0152
Holter Mean Heart Rate (bpm) 86 (73-107) 82.5 (60-105) 0.1792
Holter Maximum Heart Rate (bpm) | 143 (122-168) 147 (101-178) 0.588*
Mean RR Interval (ms) 730 (575-998) 760 (588-1034) 0.1472
SDNN (ms) 139 (97-264) 182 (65-289) <0.001°
SDANN (ms) 113 (71-237) 148.5 (43-265) <0.001°
Median RR Interval (ms) 716 (556—996) 740 (556-1004) 0.526°
HRV Tl 30 (18-50) 39 (18-52) 0.001°
SDRR (ms) 34 (20-139) 42.5 (20-73) 0.028°
PNN50 (%) 22 (1-54) 31 (6-69) 0.008?
RMSSD (ms) 57 (28-272) 67 (32-327) 0.038?
SDNNI (ms) 54 (28-149) 67 (30-198) 0.009°
NN50 22.119 (6.022-65.361) 29.565 (4.116-73.469) 0.011°
Frequency Domain Parameters
LF (nu) 69.9 (27.9-89.4) 69.8 (14.8-91.8) 0.475°
HF (nu) 23.1(7.5-68.3) 22 (7.7-65.6) 0.806°
LF/HF Ratio 2.8 (0.4-12.0) 3.42 (0.27-11.83) 0.775°
Symindex 0.99 (-0.9-2.48) 1.23 (-1.27-2.47) 0.581°
Gender Female 23 (56.1%) 20 (55.6%) 1.000°
Male 18 (43.9%) 16 (44.4%)

Modified Calgary Score

3.5 (-1-6)

Not applicable -

Table 2 notes: * Mann-Whitney U test, ® Pearson Chi-square test
Abbreviations: bpm: Beats Per Minute, CV: Coefficient of Variation, HF: High Frequency, HRV: Heart Rate Variability, LF: Low Frequency, NN50: Number
of Normal-to-Normal Intervals >50 ms, nu: Normalized Units, PNN50: Percentage of NN50, QTc: Corrected QT Interval, RDW: Red Cell Distribution Width,
RMSSD: Root Mean Square of Successive Differences, SDANN: Standard Deviation of the Average of NN Intervals, SDNN: Standard Deviation of NN
Intervals, SDNNI: Standard Deviation of Successive Differences of NN Intervals, SDRR: Standard Deviation of R-R Intervals, SF: Shortening Fraction, TSH:

Thyroid-Stimulating Hormone.

Significant differences were observed in HRV parameters
between preadolescent and adolescent patients in the
syncope group. Adolescents had higher SDNN (p =0.001),
SDANN (p = 0.007), and HRV triangular index (p = 0.038)
values. The mean RR interval (p = 0.009) and median RR
interval (p = 0.012) were also higher in the adolescent
group. In the frequency domain, the LF component was
higher in adolescents (p = 0.039). The mean heart rate in
the 24-hour Holter ambulatory was lower in adolescents
than preadolescents, but this difference was not
statistically significant (p = 0.064). (Table 3)

Adolescents had significantly higher SDNN and SDANN
values than preadolescents in the control group (p <
0.05). The mean RRinterval was significantly longer in the
adolescent group, while the mean heart rate in the 24-
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hour Holter ambulatory was significantly lower (p < 0.05).
In the frequency domain, the LF component, LF/HF ratio,
and Symindex were significantly higher in adolescents,
while the HF component was lower (p < 0,05). (Table 4)
The diagnostic performance of parameters was
evaluated using ROC analysis. Among the parameters,
SDNN demonstrated the highest diagnostic accuracy,
with an area under the curve (AUC) of 0.753 (95% ClI:
0.642-0.864), a cut-off value of <163 ms, sensitivity of
72.2%, and specificity of 75.6% (p < 0.001). (Table 5 and
Figure 1)

The Spearman correlation coefficients revealed a
significant positive correlation between SDNN Index (ms)
and RMSSD (ms) (r = 0.92, p < 0.001). Additionally, the
SDNN Index (ms) correlated strongly with PNN50 (%) (r =
0.90, p < 0.001) (Figure 2).
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Table 3: Comparison of HRV Parameters Between Preadolescents and Adolescents in the Syncope Group.

Preadolescent Group (N = 20) Adolescent Group (N = 21) p
Parameters (Unit) Median (25t"-75th Percentiles) or Median (25t-75t" Percentiles) or
n (%) n (%)
Gender Female 10 (50%) 13 (61.9%) 0.536°
Male 10 (50%) 8 (38.1%)
Age (years) 10(7.25-11) 15 (14-16) <0.0012
Time Domain Parameters
Holter Mean Heart Rate (bpm) | 88 (79-96) 85 (79-87) 0.0642
Mean RR Interval (ms) 704 (640-765) 766 (724-811) 0.009°
SDNN (ms) 123.5 (110.0-136.5) 157 (141-191) 0.001°
SDANN (ms) 99 (86.3-117.5) 133 (103.5-155.5) 0.0072
Median RR Interval (ms) 688 (620-768) 756 (712—-804) 0.0122
HRV TI 27 (23-33) 32 (27-37) 0.038°
SDRR (ms) 43 (32.5-58.3) 46 (36.5-64.5) 0.5232
PNN50 (%) 16 (10.5-27.8) 25 (16.5-32) 0.2152
RMSSD (ms) 54,5 (40-74.3) 60 (48-78.5) 0.489°
SDNNI (ms) 50.5 (40.3-68) 64 (45-86.5) 0.1062
NN50 19730 (11573-28597) 22975 (15779-31340) 0.3352
Frequency Domain Parameters
LF (nu) 61.54 (44.93— 72.30) 72.15 (57.95-79.50) 0.039°
HF (nu) 25.52 (18.84-45.58) 20.41 (14.63-29.33) 0.1372
LF/HF Ratio 2.50(1.03-3.83) 3.38 (2.06-5.57) 0.130°
Symindex 0.91 (0.03-1.34) 1.19 (0.65-1.57) 0.2412

Table 3 notes: ® Mann—-Whitney U test, ® Pearson Chi-square test

Abbreviations: bpm: Beats Per Minute, HF: High Frequency, HRV: Heart Rate Variability, LF: Low Frequency, LF/HF Ratio: Ratio of Low Frequency to High
Frequency, NN50: Number of Normal-to-Normal Intervals >50 ms, nu: Normalized Units, PNN50: Percentage of NN50, RMSSD: Root Mean Square of
Successive Differences, SDANN: Standard Deviation of the Average of NN Intervals, SDNN: Standard Deviation of NN Intervals, SDNNI: Standard Deviation
of Successive Differences of NN Intervals, SDRR: Standard Deviation of R-R Intervals.

Table 4. Comparison of HRV Parameters Between Preadolescents and Adolescents in the Control Group.

Preadolescent Group (N = 14) Adolescent Group (N=22) p
Parameters (Unit) Median (25t-75th Percentiles) or Median (25t"-75t" Percentiles) or
n (%) n (%)
Gender Female 7 (50%) 13 (59.1%) 0.734°
Male 7 (50%) 9 (40.9%)
Age (years) 12 (10.8-12) 15 (14-16.3) <0.0012
Time Domain Parameters
Holter Mean Heart Rate (bpm) 90 (74-98.3) 82 (72-86) 0.041°
Mean RR Interval (ms) 697.5 (632—-833) 772 (716-856) 0.038®
SDNN (ms) 157 (123-190) 197 (167.5-227.3) 0.025°
SDANN (ms) 131 (104.8-148.3) 166 (141.3-207.3) 0.011°
Median RR Interval (ms) 676 (636-836) 752 (690-838) 0.061°
HRV TI 32.5(28-41.8) 40 (33.8-47) 0.071°
SDRR (ms) 62 (40.3-91.3) 47.5 (38.5-72.8) 0.160°
PNN50 (%) 31.5(12.5-43.3) 31(20.5-32.3) 0.962°
RMSSD (ms) 79.5 (49-109.5) 64 (51.5-91.3) 0.689°
SDNNI (ms) 75.5 (51-103.8) 67 (55.8-98.5) 0.885°
NN50 30897 (17538-40830) 27711 (20854-34718) 0.450°
Frequency Domain Parameters
LF (nu) 51.88 (47.58-71.79) 78.40 (61.45-81.63) 0.012°
HF (nu) 35.9 (22.47-43.74) 17.59 (14.16-29.40) 0.017°
LF/HF Ratio 1.40 (1.10-3.58) 4.39 (2.08-5.73) 0.021=
Symindex 0.33(0.10-1.22) 1.48 (0.73-1.75) 0.021=

Table 4 notes:  Mann-Whitney U test, ® Pearson Chi-square test

Abbreviations: bpm: Beats Per Minute, HF: High Frequency, HRV: Heart Rate Variability, LF: Low Frequency, LF/HF Ratio: Ratio of Low Frequency to High
Frequency, NN50: Number of Normal-to-Normal Intervals >50 ms, nu: Normalized Units, PNN50: Percentage of NN50, RMSSD: Root Mean Square of
Successive Differences, SDANN: Standard Deviation of the Average of NN Intervals, SDNN: Standard Deviation of NN Intervals, SDNNI: Standard Deviation
of Successive Differences of NN Intervals, SDRR: Standard Deviation of R-R Intervals.

222



Yukci et al., Heart Rate Variability in Pediatric Syncope

Table 5. Diagnostic Performance of Heart Rate Variability Parameters in Identifying Pediatric Syncope

Test Result Variable (Unit) Area Cut-Off 95% Cl Sensitivity (%)  Specificity (%) p-value
SDNN (ms) 0.753 <163 0.642-0.864 72.2 75.6 <0.001
SDANN (ms) 0.752 <133.5 0.643-0.862 69.4 70.7 <0.001
HRV TI 0.719 <335 0.603-0.834 66.7 68.3 0.001
SDRR (ms) 0.645 <38.5 0.519-0.772 66.7 63.4 0.029
PNN50 (%) 0.675 <27.5 0.554-0.796 66.7 68.3 0.008
SDDNI (ms) 0.672 <64.5 0.550-0.794 61.1 63.4 0.01
RMSSD (ms) 0.638 <61 0.514-0.762 61.1 58.5 0.038
NN50 0.668 <26005 0.545-0.791 63.9 63.4 0.011

Abbreviations: Cl: Confidence Interval, HRV TI: Heart Rate Variability Triangular Index, NN50: Number of Normal-to-Normal Intervals >50
ms, PNN50: Percentage of NN50, RMSSD: Root Mean Square of Successive Differences, SDANN: Standard Deviation of the Average of NN
Intervals, SDDN: Standard Deviation of NN Intervals, SDRR: Standard Deviation of R-R Intervals, SDNNI: Standard Deviation of Successive

Differences of NN Intervals.
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Figure 1. The ROC curve of heart rate variability parameters for predicting vasovagal syncope. (See Table 3). ROC: Receiver

operating characteristic.
Discussion

Our study compared pediatric patients with syncope to
an asymptomatic control group with ventricular
extrasystoles, and we observed that only time-domain
HRV parameters—including SDNN, SDANN, pNN50%,
RMSSD, SDNN Index, and NN50—were significantly
reduced in the syncope group during 24-hour Holter
monitoring. These findings are consistent with previous
studies that demonstrated decreased HRV in children
with syncope. A unique aspect of our study is that it is the
first to include HRV-TI and Symindex as HRV parameters
in pediatric patients with syncope. While a significant
difference was identified in HRV-TI values between the
syncope and control groups, no significant difference was
observed in Symindex.

Syncope constitutes a significant proportion of hospital
admissions in the pediatric population and is a source of
considerable anxiety for both children and their families.
Thus, it is crucial to eliminate the most concerning
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etiologies, such as neurological and cardiac causes. The
high prevalence of syncope in the community has led to
the development of cost-effective approaches, with
guidelines published for adult and pediatric populations.
According to the guideline, obtaining a detailed medical
history and performing a thorough physical examination
are essential initial steps, followed by using the Modified
Calgary Syncope Score when appropriate.?”2® Routine
investigations—such as ECG, echocardiography, exercise
testing, and 24-hour Holter monitoring—are not
universally recommended.?’”  However, additional
cardiological evaluations are advised in cases in which
specific red flags are present, including the detection of
murmurs suggestive of structural heart disease, syncope
triggered by exercise or sound, the absence of prodromal
symptoms before the event, a family history of sudden
cardiac death or heart disease, or a prolonged recovery
period following syncope.?” The tilt test, commonly used
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in adults to differentiate syncope etiologies, has limited
utility in children due to challenges in interpretation and
its inability to reliably exclude other causes.
Consequently, this test is not routinely recommended for
pediatric populations.?”3%3! |n our hospital, the absence
of tilt testing capabilities prevented its use in our patient
cohort. Instead, the diagnosis of VVS was established
using the Modified Calgary Syncope Score.?’ This was
supplemented by comprehensive cardiological and
neurological evaluations and appropriate diagnostic
testing to exclude any underlying organic pathology that
could explain the syncope episodes.

The primary pathology of VVS is believed to result from
excessive parasympathetic activity, inhibition of the
sympathetic system, or a complex interplay between
these two systems.> The responses of these systems can
be triggered and exacerbated by factors such as pain,
periods of illness, fasting, prolonged standing, crowded
or poorly ventilated environments, and sleep
deprivation, ultimately leading to syncope.>3? HRV is
considered a valuable diagnostic tool for predicting this
autonomic imbalance and, due to its non-invasive nature,

is easy to implement in clinical practice. Reduced HRV,
which reflects autonomic imbalance, has been associated
with poor prognosis in various conditions, particularly in
adults.?® Notably, reduced HRV has been correlated with
increased mortality rates.3* Studies in pediatric
populations have also demonstrated that decreased HRV
is linked to various cardiac and non-cardiac events.3>36
HRV can be assessed using both time-domain and
frequency-domain parameters. Among the time-domain
metrics, the most used ones are mean heart rate, RMSSD,
and SDNN; in the frequency domain, LF, HF, and the
LF/HF ratio are frequently analyzed. Increased SDNN and
LF indicate heightened sympathetic activity, whereas
elevated RMSSD and HF are more closely associated with
enhanced parasympathetic activity. In our study, we also
utilized normalized values of LF and HF, which are
considered more meaningful than their raw values for
assessing autonomic regulation.¥” The LF/HF ratio is
particularly valuable for determining the balance
between sympathetic and parasympathetic nervous
system activity.?’
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Figure 2. Spearman correlation coefficients matrix map of heart rate variability parameters with p-values. The colors
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There is only a limited number of studies focusing on
normative HRV values in children. In this context, Gasior
et al.® conducted a study on healthy children aged 6-13
years and identified heart rate as the most influential
factor affecting HRV. They published normative HRV
values by categorizing participants based on their heart
rates. Using the results of this study to classify our
patients, the mean heart rate in the syncope group
during Holter monitoring was 86 bpm, which
corresponds to the Q3 category (heart rate: >84.3 bpm-—
92.0 bpm). Within this category, we observed that the
time-domain parameter SDNN was increased, while
RMSSD and pNN50 (%) were within normal ranges.
Additionally, among frequency-domain parameters, an
increase in LF (nu) and the LF/HF ratio—alongside a
decrease in HF (nu)—was noted. These findings indicate
a predominance of sympathetic activity in the syncope
group, which contrasts with general literature that
suggests parasympathetic dominance in syncope. In the
control group, the mean heart rate was 82.5 bpm, which
aligns with the Q2 category (heart rate: >77.8 bpm—84.3
bpm) from the same study. When categorized
accordingly, it was observed that the control group
clustered in a similar manner as the syncope group. The
discrepancies between our study and the referenced
study may be attributable to differences in methodology,
as the referenced study utilized short-term ECG
monitoring (five minutes) and was conducted with
healthy, non-athletic Caucasian children as participants.
Future studies should aim to form age- and
physiologically matched cohorts to address these
inconsistencies and enable more accurate comparisons.
This approach would provide a more robust
understanding of normative HRV values in pediatric
populations and allow for the better evaluation of
autonomic imbalance in conditions such as syncope.

The high prevalence of syncope during adolescence is
attributed to the predominant role of vagal tone during
this period.*#3° This phenomenon is believed to result
from the relatively low blood volume that cannot keep
pace with the rapid growth phase in adolescents, thereby
leading to increased sympathetic activity.! In response,
parasympathetic overactivity occurs, culminating in
vasovagal syncope.! Supporting this information, the
study by Sun Hee Shim et al.! demonstrated that
parasympathetic activity increased when patients were
categorized into adolescent and preadolescent groups,
while sympathetic activity decreased in the adolescent
group. Similarly, our study divided the syncope and
control groups into adolescent and preadolescent
subgroups. Among adolescents with syncope, significant
increases were observed in parameters indicative of
heightened sympathetic activity—such as SDNN, LF (nu),
and the LF/HF ratio—compared to the preadolescent
group. Changes consistent with increased
parasympathetic activity were also observed in average
heart rate and mean RR intervals. Moreover, significant
differences were noted in the adolescent control group
in the SDNN, SDANN, LF (nu), and the LF/HF ratio—all of
which are associated with sympathetic activity—
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compared to the preadolescent group. Decreases in
parasympathetic parameters were also observed in this
group. Based on these findings, our study suggests that
sympathetic activity, rather than vagal tone, plays a more
dominant role in adolescents, particularly those with
syncope.

In the study by Hosaka et al.,*°® which analyzed 24-hour
ambulatory ECG recordings, found no significant
differences in mean RR, SDNN, or SDANN values.
However, HRV parameters indicative of parasympathetic
dominance—such as the SD index, RMSSD, and pNN50—
were significantly higher in the neuro-mediated syncope
group compared to the control group. Similarly,
Kochiadakis et al.** reported that baseline HRV indices
that reflected parasympathetic dominance were
increased in patients with syncope compared to healthy
controls. Our study observed significant differences
between the syncope and control groups in time-domain
parameters, including SDNN, SDANN, HRV-TI, SDRR,
pNN50, RMSSD, SDNNI, and NN50. However, no
significant differences were noted in frequency-domain
parameters. These findings suggest that, as described in
the literature, both sympathetic and parasympathetic
systems are affected in patients with syncope, thereby
indicating autonomic imbalance. In syncope patients,
increased sympathetic activity is counterbalanced by
increased parasympathetic activity to maintain
autonomic equilibrium.

In the study by Sun Hee Shim et al.}, it was found that
SDNN and RMSSD parameters were significantly higherin
patients with syncope. Additionally, compared to the
control group, normalized LF values and the LF/HF ratio
were non-significantly lower and normalized HF values
were higher in the syncope group. These findings indicate
an increase in parameters suggestive of parasympathetic
dominance in patients with syncope. In contrast, our
study demonstrated significant differences in parameters
that reflect the involvement of both sympathetic and
parasympathetic systems in the study group compared to
the control group.

Studies that investigate normative HRV values based on
24-hour Holter monitoring in children are limited.
Kovalchuk et al.?® conducted a study involving 56 children
with syncope and 41 healthy controls aged 8-17 years,
analyzing differences in time- and frequency-domain HRV
parameters, such as SDANN, RMSSD, pNN50, LF index, HF
index, LF/HF ratio, as well as total power across daytime,
nighttime, and 24-hour periods. In the syncope group,
compared to the control group, significant reductions
were observed in SDANN (during the entire 24-hour
period and nighttime), RMSSD (during the entire 24-hour
period and daytime), and pNN50 (during daytime). In the
frequency-domain analysis, only a significant increase
was found in the LF/HF ratio during nighttime. Based on
these findings, the authors concluded that pediatric
patients with VVS exhibit autonomic imbalance
characterized by increased sympathetic activity. In our
study, which did not stratify 24-hour Holter monitoring
results by time periods, we similarly observed reductions
in SDNN, pNN50, and RMSSD values, which are consistent



Yukci et al., Heart Rate Variability in Pediatric Syncope

with the findings of Kovalchuk et al.2® However, unlike
their study, we observed a non-significant increase in
LF/HF ratio.

Longin et al.® compared the frequency-domain
parameters of (HRV) in short-term (five-minute) ECG
recordings between children and adolescents aged 5-15
years with neurocardiogenic syncope and their healthy
counterparts. In the pediatric group (ages 5-11),
significant increases in total power, very low frequency
(VLF, 0.01-0.05 Hz), and low-frequency (LF) band values
were observed compared to the control group.
Significant increases were noted among adolescents in
VLF and peak VLF band values. These findings suggest
that baseline sympathetic activity is elevated in both
children and adolescents with syncope, as shown in the
study by Longin et al.> However, the study did not include
baseline data for parameters indicative of
parasympathetic activity, thus making it impossible to
conclude parasympathetic regulation. In our research,
normalized LF and HF parameters were used, thereby
preventing a direct comparison with the results of Longin
et al. Nevertheless, the observed changes in our study,
which also indicate increased sympathetic activity, align
with the findings of Longin et al. and support a similar
interpretation regarding the autonomic imbalance in
pediatric syncope.

Study Limitations

This study has several limitations that warrant
consideration. The relatively small sample size and short
follow-up period limit the generalizability of the findings,
while the exclusion of patients with incomplete Holter
data likely affected the homogeneity of the study
population. Additionally, the absence of head-up tilt
testing, although not routinely recommended in
pediatric syncope, restricted our ability to assess
autonomic changes during syncope episodes. Further,
lack of stratification by syncope subtypes, triggering
factors, or symptom severity may have limited identifying
specific HRV patterns. Furthermore, intrinsic factors
influencing HRV—such as baseline heart rate, physical
activity, and respiratory patterns—were not controlled,
potentially introducing bias. Future studies with larger,
more homogeneous populations and standardized
methodologies are needed to establish normative HRV
values and refine diagnostic criteria in pediatric syncope.

Conclusion

This study evaluated differences in HRV parameters
between pediatric patients with syncope and a control
group using 24-hour Holter ECG monitoring. Significant
reductions were observed in time-domain parameters—
including SDNN, SDANN, HRV-TI, SDRR, pNN50, RMSSD,
SDNNI, and NN50in the syncope group compared to
controls. At the same time, no meaningful differences
were identified in frequency-domain parameters.
Notably, the SDNN was the most predictive parameter
for identifying syncope in this population. These findings
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highlight the potential utility of HRV as a diagnostic tool
in pediatric syncope. However, the lack of established
normative HRV values and limited research in children
emphasizes the need for large-scale, multicenter, and
prospective studies. Such investigations should aim to
standardize HRV  measurements, account for
confounding factors such as baseline heart rate and
physical activity, and further clarify the clinical
significance of HRV parameters in pediatric populations.
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ABSTRACT

Objective: Isolation of RNA from serum samples has gained
importance, especially in studies on the use of small RNA
molecules such as miRNA as biomarkers. Selection of the optimal
kit is critical for the accuracy of downstream processing. The aim
of this study was to compare the performance of different
commercial kits in terms of efficiency, RNA purity and
contamination control during the isolation process.

Method: Three different RNA isolation kits were used for 5 sheep
serum samples: 1. miRNeasy Serum/Plasma Kit (Cat. No: 217184,
Qiagen, USA), 2. Norgen Plasma/serum RNA purification kit (Cat.
No: 55000, Norgen, Canada), 3. Nucleogene RNA isolation kit (Cat.
No: NG044, Nucleogene, Turkey). The purity and intensity of the
obtained RNAs were evaluated by measuring A260/280 ratios with
a nanodrop spectrophotometer.

Results: When the concentrations and A260/280 ratios obtained
from the kits were evaluated by One Way Anova Test using
GraphPad Prism (V10.4.0), it was observed that there was a
statistically significant difference between the concentrations and
A260/280 ratios of the 3 kits (p<0.05 and p< 0.001).

RNAs obtained from Norgene showed the lowest concentration
and the lowest A260/280 ratiowhere as Nucleogene had the
highest RNA concentration and A260/280 ratio of 2.0or higher
among the three kits (p<0.05).

Conclusion: Among the kits used for serum RNA isolation, the
Nucleogene kit stands out with the highest RNA yield and suitable
A260/280 values in general. However, the Norgene and Qiagen
kits may still be preferred under specific experimental conditions.

Keywords: RNA isolation, serum, A260/280 ratio, commercial
reagent kits

0z

Amag: Serum orneklerinden RNA izolasyonu, 6zellikle miRNA gibi
kiigik RNA molekullerinin biyo-belirte¢ olarak kullanimina yonelik
¢alismalarda ©6nem kazanmistir. Optimal kitin segimi sonraki
islemlerin dogrulugu igin kritik Gneme sahiptir. Bu ¢alismanin amaci
izolasyon slrecinde farkh ticari kitlerin verimlilik, RNA safligi ve
kontaminasyon kontroll agisindan performanslarini kiyaslamaktir.

Yoéntem: Galismada koyun venoz kanindan elde edilen 5 serum
ornegi icin g farkh RNA izolasyon kiti kullaniimistir: 1. miRNeasy
Serum/Plazma Kit (Kat. No: 217184, Qiagen, ABD), 2. Norgen
Plazma/serum RNA saflastirma kiti (Kat. No: 55000, Norgen, Kanada),
3. Nucleogene RNA izolasyon kiti (Kat. No: NG044, Nucleogene,
Turkiye). Elde edilen RNA’larin saflik ve yogunlugu nanodrop
spektrofotometre ile A260/280 oranlari 6lgllerek degerlendirilmistir.

Bulgular: Kitlerden elde edilen konsantrasyonlar ve A260/280
oranlari GraphPad Prism (V10.4.0) kullanilarak One Way Anova Testi
ile degerlendirildiginde, 3 kitin konsantrasyonlari ve A260/280
oranlari arasinda istatistiksel olarak anlamli bir fark oldugu
gorilmustir (p<0,05 ve p< 0,001).

Norgene'den elde edilen RNA'lar en disiuk konsantrasyona ve en
dusuk A260/280 oranina sahipken, Nucleogene Ug kit arasinda en
yuksek RNA konsantrasyonuna ve 2 ve uzeri A260/280 oranina
sahipti (p<0,05).

Sonug: Serum RNA izolasyonu igin kullanilan kitler arasinda
Nucleogene kiti genel olarak en yiksek RNA verimi ve uygun
A260/280 degerleriyle 6ne gikmaktadir. Bununla birlikte Qiagen ve
Norgene kitleri bazi spesifik durumlarda tercih edilebilir.

Anahtar Kelimeler: RNA izolasyonu, serum, A260/280 orani, ticari
reaktif kitler
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Introduction

Ribonucleic Acid (RNA) isolation is an important step for
analyzing gene expression in molecular biology
research. However, the fact that RNA is an unstable
molecule, has a very short half-life and can be easily
degraded by RNases in the environment brings some
difficulties in RNA isolation.! Intensive denaturation
methods are employed during isolation to prevent the
activity of RNases that degrade RNA commonly present
in blood, tissues, and various environmental bacteria
and fungi.?2 RNA expression analysis from blood samples
is an important non-invasive method due to its potential
as a biomarker in many pathologies, especially cancer.3
In addition, many non-coding RNAs are also expressed in
a tissue- or organ-specific manner, suggesting that have
high specificity and are applicable as biomarkers.*

Since serum collection is non-invasive and uses blood
remaining from routine examinations, it aligns well with
ethical protocols. Additionally, obtaining serum is easier
and more accessible than tissue sampling. For these
reasons, serum is often preferred in studies. However,
the high protein and lipid content in blood increases the
risk of contamination, and the RNA concentration is
lower compared to tissue samples, making RNA isolation
from serum more challenging.® Various techniques and
commercial kits are available for RNA extraction from
biofluids; however, comprehensive data identifying the
most appropriate method or kit for each specific biofluid
remains insufficient. Methods such as Real Time
Polymerase Chain Reaction (RT PCR) or RNA-sequencing
(RNA-Seq) after RNA extraction requires high density
and quality RNA. The lower concentration of RNAs in
plasma compared to tissue poses a handicap in RNA
extraction and quality from serum. ©

The aim of this study was to compare 3 different
commercial RNA isolation kits in terms of RNA
concentration and quality to determine the most
efficient and suitable one for RNA isolation from serum
samples.

Methods

The study was performed with 5 serum samples
obtained from sheep, stored at -80 and left over from
the study approved by the ethics committee of Firat
University Animal Experiments Ethics Committee
numbered 2012/06/65.

Three different commercial RNA isolation kits were used
in the study: 1. miRNeasy Serum/Plasma Kit (Cat.No:
217184, Qiagen, USA), 2.Norgen Plasma/serum RNA
purification kit (Cat. No: 55000, Norgen, Canada), 3.
Nucleogene RNA isolation kit (Cat. No: NGO044,
Nucleogene, Turkey). All the steps of isolation stages
took place at Kocaeli University Stem Cell and Gene
Research Center (KOGEM). The protocols of the kits
used are as described below.
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1. miRNeasy Serum/Plasma Kit Protocol

e Transfer 150 ml of serum /plasma into a 1.5 mL
centrifuge tube

e 2ul proteinase K 10 min. incubation at room
temperature. Add 750 plL (x5 volumes) pf QlAzol
Lysis Reagent and Vortex 5 s.

e Incubate for 10 min at room temperature

e Add 100 pL chloroform. Vortex vigorously for 30 s.
And incubate for 3 min. at room temperature.

e Centrifuge sample for 15 min at 14,000 x RPM at
4°C,

e Transfer the 400 ul upper aqueous phase to a new
1.5 mL centrifuge tube. Avoid the white interphase.

e Carefully measure the aqueous phase and add 600
ul (1.5 x volumes) of 100% ethanol. Do not vortex.
Mix gently and thoroughly. Do not centrifuge and
do not delay moving on the next step.

e Assemble a MinElute spin column in a new
collection tube. Load up to 700 ulL of the mixture in
spin column, including any precipitate that may
have formed, on to column.

e Spin for 30 s at 3000 R at room temperature,
discard flow-through.

e Spin for 30s at 10.000 RPM at room temperature.
Add 700 pl Buffer RWT to the RNeasy MinElute spin
column. Centrifuge for 30 s at 10.000 RPM at room
temperature to wash the column. Discard the flow-
through.

e Pipet 500 pl Buffer RPE onto the RNeasy MinElute
spin column. Centrifuge for 30s at 10.000 RPM to
wash the column. Discard the collection tube with
the flow-through.

e Open lid, dry for 10 min at room temperature.
Transfer the RNeasy MinElute spin column into a
new 2mL collection tube.

e Open the lid of the spin column and centrifuge at
full speed 15.000 RPM for 5 min to dry the
membrane.

e Discard the collection tube with flow-through. Dry
for 10 min at room temperature, open lid.

e Transfer the RNeasy MinElute spin column into a
new 1.5 ml collection tube.

e Add 15 plL RNase-free water directly to the center
of the spin column membrane.

e Wait 10 min. After 5 min. centrifuge for 1 min at
100 x g (500 RPM)

e Centrifuge for 1 min at full speed (15.000 RPM) to
eluate the RNA.

e Repeat step 16, 18.

2. Nucleogene RNA Isolation Kit Protocol

Perform all steps at room temperature and

centrifugation at 10,000-16,000 x g for 1 min, unless

specified.

e Ensure that the sample and Lysis Buffer and 4 ul
Enhancer are fully mixed and 10 minutes incubation
at room temperature, later centrifuge for 2 minutes
at 14,000 x g as solid particles will clog the column.



Duman and Ozmen, Optimisation Serum RNA Isolation

e Carefully withdraw the supernatant and transfer it
to a new (1.5-2 ml) microcentrifuge tube.

e Add an equal volume ethanol (95-100%) (e.g.
transferred supernatant 250 ul+250 ul ethanol) to a
sample lysed in Lysis Buffer and mix (vortex 1 min
or pipetting) thoroughly.

e Transfer the mixture into a Spin Column in a
Collection Tube and 11.000 g 30 second centrifuge.
Empty the collection tube and place the spin
column back in the collection tube.

e Add 400 pl of Wash | Buffer to the Spin Column and
centrifuge at 11,000 g for 30 seconds.

e Add 400 pl of Wash | Buffer to the Spin Column and
centrifuge at 11,000 x g for 30 seconds. Empty the
collection tube and place the spin column back in
the collection tube.

e Add 700 pl of Wash Il Buffer to the Spin Column and
centrifuge at 14,000 x g for 1 min. Discard the
collection tube and place the spin column in a new
nuclease-free microcentrifuge tube (1.5-2 ml).

e To elute the RNA, add 30 pl of Elution Buffer
directly to the center of the spin column and
incubate 2 min, after the incubation centrifuge at
11,000 x g for 2 min.

3. Norgen Plasma/Serum RNA Purification Kit Protocol

e Place 200 pL of plasma/serum sample in a 2 mL
tube and add 600 pL of Lysis Buffer. Mix well by.
Vortexing for 10 seconds.

e Add 800 pL of 96-100% ethanol. Mix well by
vortexing for 10 seconds.

e Transfer 650 pL of the mixture from Step 2 into a
Micro Spin column. Centrifuge for 2 minutes at
3,300 x g (~6,000 RPM). Discard the flow through
and reassemble the spin column with its collection
tube.

e Repeat Step 3 two more times until all the mixture
from Step 2 has been transferred to the Micro Spin
column.

e  Apply 400 pL of Wash Solution A to the column and
centrifuge for 30 seconds at 3,300 xg(~6,000 RPM).
Discard the flow through and reassemble the spin
column with its collection tube.

e  Repeat step 5 two more times, for a total of three
washes.

e Spin the column, empty, for 2 minutes at 13,000 x g
(~14,000 RPM). Discard the collection tube.

e Transfer the spin column to a fresh 1.7 mL Elution
tube. Apply from 10 pL up to 25 pL of Elution
Solution A to the column and let stand at room
temperature for 2 minutes. Centrifuge for 1 minute
at 400 x g (~2,000 RPM), followed by 2 minutes at
5,800 x g (~8,000 RPM).

e  For maximum recovery, transfer the eluted buffer
back to the column and let stand at room
temperature for 2 minutes. Centrifuge for 1 minute
at 400 x g (~2,000 RPM), followed by 2 minutes at
5,800 x g (~8,000 RPM).
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RNAs obtained according to kit protocols were
measured by nanodrop spectrophotometer (Thermo,
ND2000) to determine their purity and intensity.

Statistical Analysis

Concentrations and A260/280 ratios obtained from the
kits were evaluated by One Way Anova Test using
GraphPad Prism V10.4.0.

Results

Concentrations and A260/280 Ratios of the isolated
RNAs are as given in the Table 1.

Table 1. Concentration and A260/280 values of RNAs
obtained from the kits

Concentration A260/280 Ratio
Norgene Qiagen Nucleogene Norgene Qiagen Nucleogene
1 10,30 23,4 64,4 1,05 1,43 1,62
2 11,30 25,7 30,1 1,00 1,43 2,12
3 10,01 48,8 27,5 0,95 1,33 2,22
4 10,06 33,2 18,4 1,00 1,44 2,69
5 20,01 17,4 28,8 1,01 1,45 1,69
60
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Figure 1. A.Concentration and B.A260/280 value graphics of
RNAs obtained from the kits according to the kit protocols.

It was observed that there was a statistically significant
difference between the concentrations and A260/280
ratios of the 3 kits (p<0.05 and p< 0.001).

RNAs obtained from Norgene had the Ilowest
concentration and the lowest A260/280 ratio, while
Nucleogene had the highest RNA concentration and
A260/280 ratio of 2.0 and above among the three kits
(p<0.05).

Discussion

The search for novel biomarkers for the early detection
of human diseases has intensified in recent years. The
use of small RNAs such as microRNAs as potential
markers has been the focus of much attention.” Blood is
a complex fluid that is in contact with all the tissues of
the body. As such, it provides unique information about
different parts of the body. Blood sampling is
considered a non-invasive procedure and is therefore
widely used to assess biomarkers associated with
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disease. Various methods have been developed to
isolate and stabilize RNA from blood, with the advent of
personalized medicine for the treatment and diagnosis
of chronic diseases and the development of
individualized treatmentstrategies.”®

For the isolation of small RNA from biological fluids,
there are currently two main approaches. The first
approach uses column-based technology for binding and
elution of small RNAs, while the second approach uses
the long-established protocol using phenol and
guanidinium thiocyanate reagents.2Methods such as RT
PCR or RNA-seq after RNA extraction requires high
density and quality RNA. The lower concentration of
RNAs in plasma compared to tissue poses a handicap in
RNA extraction and quality from serum.

It is important to maximize the vyield of microRNA
isolated. Since the abundance of microRNA in serum is
significantly lower than in solid tissues, low RNA yields
will result in low abundance microRNA signatures not
being detected.’

There are studies comparing commercial RNA isolation
kits available in the market in terms of RNA quality and
concentration, and while Qiagen is mostly prominent in
these studies, there is no comparison study on the
Nucleogen kit and in this sense, it is aimed to contribute
to the literature.®10-12

Guatam et al.?> compared two TRIzol methods (TRIzol
Reagent and TRIzol LS reagent) using different carriers
and compared miRNeasy mini kit (Qiagen, USA) and
miRVANA miRNA isolation kit (Thermofisher, USA). As a
result, they reported that miRNeasy mini kit yielded 2-3
times better quality RNA than miRVANA. Similarly, Li et
al.® compared miRNeasy mini kit, miRVANA and
Norgene total RNA isolation kit (Norgene, Canada) and
reported that the RNA quality of miRNeasy and
miRVANA kit was better than Norgen. In our
comparisons, Norgen ranked last in terms of RNA quality
and quantity.

Among the kits used for serum RNA isolation, the
Nucleogene kit stands out with the highest RNA vyield
and suitable A260/280 values in general. However,
Norgene and Qiagen kits may be preferred in some
specific cases.As a conclusion between the three kits we
tested, the Nucleogene kit yielded the highest
concentration of microRNA and can be chosen as the
first choice among the three kits for RNA isolation from
serum.
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Cocuklarda ruh saghgini etkileyen ve sorunlarin ortaya g¢ikmasina
neden olan genetik, sosyal ve cevresel pek ¢cok etmen bulunmaktadir.
Cocugun bireysel ozelliklerinin yani sira kaotik aile vyapisi,
ebeveynlerinin bireysel ve ruhsal sorunlari, kendi ebeveynlerine
baglanma sorunlari, ebeveyn tutumlarindaki ciddi problemler ile esler
arasindaki iliski sorunlar gibi aile kaynakli unsurlar ¢ocukta var olan
ruhsal sorunlarin siddetini artirmasina, baska ruhsal sorunlarin ortaya
clkmasina ve tedavi sirecinin olumsuz etkilenmesine neden
olabilmektedir. Bu nedenle gocuk psikiyatri kliniklerinde ydritilen
tedavide sadece gocukla galismak ya da aileye 6nerilerde bulunmak
yeterli olmamakta olup aile temelli ele alinan kapsamli, gok boyutlu ve
multidisipliner galismayi ve ihtiyag¢ halinde gocuk koruma sisteminin
devreye sokulmasini gerektiren bir siireg olabilmektedir.

Bu olgu sunumunda ebeveynlerin olumsuz tutum ve davranislari
neticesinde daha fazla ve riskli davranis sorunlari gelistiren, tedavisi
aksatilan ve tedaviden fayda géremeyen, bakim, saglik, egitim ve diger
temel ihtiyaglari kapsaminda ihmal edilen ve istismara agik hale gelen,
bu nedenle ¢ocuk koruma sistemi kapsaminda degerlendirilen, kurum
bakimina yerlestirilen 14 yasindaki ¢ocugun farmakolojik tedavisi,
multidisipliner galisma ve kurumlar arasi koordinasyonu igeren gok
boyutlu tedavi sireci ile bu siiregte cocuk koruma sistemi kapsaminda
yapilan is ve islemler tartisilacaktir.

Anahtar Kelimeler: Ergenlik donemi, korunmaya ihtiyaci olan ¢ocuk,
davranig sorunlari, anne-baba tutumlari

ABSTRACT

There are many genetic, social and environmental factors that affect
mental health in children and cause the emergence of mental
problems. In addition to the individual characteristics of the child,
family-related factors such as chaotic family structure, individual and
mental problems of the parents, attachment problems to their own
parents, serious problems in parental attitudes and relationship
problems between spouses may increase the severity of existing
mental problems in the child, lead to the emergence of other mental
problems and negatively affect the treatment process. Family-related
factors may interrupt the child's mental development and even cause
neglect and abuse. For this reason, in the treatment carried out in child
psychiatry clinics, it is not enough to work only with the child or to
make suggestions to the family; it can be a process that requires
comprehensive, multidimensional and multidisciplinary work that is
family-based and the child protection system to be activated when
necessary.

In this case report, a 14-year-old child who developed more and risky
behavioral problems as a result of the negative attitudes and behaviors
of the parents, whose treatment was delayed and could not benefit
from the treatment, who was neglected in terms of care, health,
education and other basic needs and became vulnerable to abuse, and
who was evaluated within the scope of the child protection system and
placed in institutional care will be evaluated. in the article, the
multidimensional treatment process including pharmacological
treatment, multidisciplinary work and coordination between
institutions, and the work and procedures carried out within the scope
of the child protection system in this process will be discussed.

Keywords: Adolescence, child in need of protection, behavioral
problems, parental attitudes
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Girig

Aile, bir cocugun biyo-psiko-sosyal gelisimi agisindan ilk,
en temel ve 6nemli yapitasi olmasiyla kritik bir 6ne
sahiptir. Bu nedenle ¢ocugun saghkh olabilmesi igin
saglikl islevlere sahip bir ailede biyliimesi gerekmektedir.
Sagliksiz islevlere sahip olan ailede yetisen ¢ocuklarda
ruhsal sorunlarin ortaya ¢ikmasi ve var olan sorunlarin ise
siddetini artirmasi beklenen bir durumdur. Bu nedenle
yasadigl ruhsal sorun nedeniyle tedaviye getirilen
¢ocuktaki sorunun tespit edilebilmesi ve sagaltimi igin
aile sistemi temelli kapsamli bir degerlendirme yapilarak
aileden kaynakli sorunlarin da tedavide ele alinmasi
gerekmektedir. Cocukta meydana gelen ruhsal
sorunlarinin  olasi  tim boyutlarini  6ngérmedeki
sinirhliklar nedeniyle, Psikiyatristler, Klinik Psikologlar,
Sosyal Hizmet Uzmanlarinin birbirleriyle ve hastaligin
tedavi ve yonetiminde diger yardimci profesyonellerle
isbirligi yaptigi multidisipliner yaklasimi daha da énemli
hale getirmekte ayrica karmasik vakalari tartismalari igin
bir platform saglamaktadir!

Tedavi slirecinde sorunun tespit edilmesi kadar ¢6zimu
icin cocuk ile birlikte ebeveynlerinin de tedaviye uyumu
da oldukg¢a 6nemlidir. Tum muidahalelere ragmen bazi
olgularda ebeveynlerin tedavi silrecinde gosterdikleri
diren¢ sorunun ¢Ozilmesini engellemektedir. Bu
durumda kurumlararasi koordinasyon ile ¢gocuk koruma
sisteminin devreye alinmasi gerekebilmektedir. 2005
yilinda yayimlanarak vyurirlige giren Cocuk Koruma
Kanunu korunma ihtiyaci olan ve sucga suriiklenen
cocuklarin  korunmasi, vyargilanmasi ile hak ve
esenliklerinin  korunmasini ilke edinir. Bu amagla
hazirlanan yasanin 5. maddesi koruyucu ve destekleyici
tedbirleri igermektedir. Yasanin temel amaci ilgili
kurumlarin uzmanlk alanlan dogrultusunda ¢ocugun
dogup bilylidigu kendi ailesinin yaninda kalarak
koruyucu, onleyici ve iyilestirici faaliyet ve desteklerin
aile  batanligt  temelinde  profesyonel  acidan
saglanmasidir. Cocugun ailesi yaninda kalmasinin onun
biyo-psiko-sosyal gelisimini olumsuz etkilemesi, ailenin
¢ocuga zarar vermesi ve bu zararin diger tedbir kararlari
ile desteklenerek ortadan kaldirilamayacagi kanaatine
varilmasi durumunda ¢ocuk hakkinda bakim tedbir karari
alinarak ¢ocuk ailenin yanindan alinip kurum bakimina
yerlestirilebilmektedir.

Bu olgu sunumunda dikkat eksikligi hiperaktivite
bozuklugu, davranim bozuklugu, obsesif kompulsif
bozukluk ve internet bagimliligi tanilariyla takip edilen
olgunun tedavisi ile bu siiregte uygulanan multidisipliner
calisma, kurumlar arasi koordinasyon ve ¢ocuk koruma
sistemi kapsaminda zorunlu olarak g¢ocugun aile
ortamindan uzaklastirilmasinin tedavi siirecine etkisi
tartisiimaktadir.

Degerlendiriimeye alinan  bu olgu sunumunda
ebeveynlerin olumsuz tutum ve davranislari neticesinde
daha fazla ve riskli davranis sorunlari gelistiren, ailesi
yanindan alinarak kurum bakimina vyerlestirilen 14
yasindaki cocugun farmakolojik tedavisi, disiplinler ve
kurumlar arasi koordinasyonu iceren ¢ok boyutlu tedavi
slreci ele alinmistir.  Calismada yukaridaki belirtilen
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sorunlarin ortaya ¢ikma nedenlerinin kuramsal olarak
incelenmesi ve sorunun ¢oziimiine yonelik yapilan
midahalelerin bir olgu ile somut olarak 6rneklendirilmesi
amaglanmigtir. Bu amag dogrultusunda olguda, 6rnek
olay incelemesi ya da vaka galismasi teknigi olarak da
isimlendirilen nitel arastirma yontemlerinden durum
calismasindan yararlanilmistir®

Olgu

14 yasinda, 9. sinif 6grencisi erkek hasta ilk olarak babasi
esliginde hastane poliklinigimize getirilmistir. Yapilan
gorismede hastanin evde babasina siddet uygulamasi
sonucu babanin el parmaklarinda kirik olustugu,
annesinin de c¢ocuktan fiziksel siddet gordugi icin
savciliktan c¢ocuga uzaklastirma karar cikarttigi ve
tayinini baska bir ile aldirip orada yasamaya basladigl
Ogrenilmistir. Hasta iki g¢ocuklu bir ailenin ikinci
¢ocugudur. Babasinin 58 yasinda Universite mezunu olup
emekli oldugu ve halen galistigl, annesinin ise 52 yasinda,
Universite mezunu olup halen galistigl, 20 yasinda sehir
disinda okuyan (niversite 6grencisi abisinin oldugu
ogrenilmistir. Anne ve babanin 12 yil 6nce olgu yaklasik 3
yasinda iken bosandigl ancak olgu ile anne tek basina
ilgilenmekte zorlandigl igin anne ve babanin 6 ay 6nce
tekrar birlikte yasamaya basladiklari bilgileri edinilmistir.
Olgu, erken c¢ocukluk doneminden itibaren fazla
hareketli, dikkati daginik, takintilari olan zor bir ¢ocuk
olarak tanimlanmistir. 7 vyasinda dikkat eksikligi
hiperaktivite bozuklugu tanisi almis ancak takiplere
diizenli olarak gitmemistir. ilerleyen dénemlerde takintili
davranislari artmaya baslayan olgu istedigi olmadigi
takdirde sinirlenir anneye siddet uygularmis. Anne-baba
arasinda sorunlar siddetlenince bosanma gergeklesmis ve
velayet anneye verilerek olgu ve abisi annesinin yaninda
kalmaya baslamis. Son 6 aydir annesinden istedigi sekilde
karsilik almadiginda kapilari, esyalari kirar, anne ve
babasina fiziksel siddet uygularmis. Anne bu nedenle
olgu’yu babasinin yaninda birakarak farkh bir sehre
tasinmig, baba ile yalniz kaldiginda 6fke kontroliinde
daha ¢ok zorlanmaya baslamis, baba da olgunun ona
zarar vermesinden korktugu icin onu evde yalniz birakip,
kendi arkadaslarinda kalirmis. Ebeveynlerin denetimi
tamamen ortadan kalkinca olgu, butin giin internette
oyun oynayarak vakit gecirir olmus. Okula gitmeyi
birakmis.

Zekasi klinik olarak normal izlenimi veren olgunun WISC-
R’da sozel puani 98, performans puani 127, toplam zeka
puani 114 bulunmustur. Poliklinikteki takip stireglerinde
yapilan degerlendirme ve gozlemlerde aile i¢i sorunlarin
mevcut oldugu, uygunsuz anne-baba tutumlarinin oldugu
ve ebeveynlerin yiliksek egitim dizeylerine ragmen
cocugu saghk ve egitim acisindan ihmal ettikleri
anlasilmistir. Bu kapsamda klinikte gorevli sosyal hizmet
uzmani  tarafindan  hazirlanan  ayrintih durum
degerlendirme raporu ile cocugun korunmaya muhtaghk
durumunun  degerlendiriimesi ve gerekli tedbir
kararlarinin alinmasi igin Aile ve Sosyal Hizmetler il
Midirligiine (ASHIM) bildirimde bulunulmustur. ASHIM
tarafindan yapilan sosyal inceleme neticesinde ¢ocugun
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saglik takibinin yapilmasi, egitimine devam etmesi ve aile
iliskilerinin diizenlenmesi agisindan 5395 sayili Cocuk
Koruma Kanunu kapsaminda saglk, egitim ve
danismanlik tedbiri karari alinmigtir. Tedbir kararlar
olmasina ragmen kontrol randevularina dizenli olarak
gelmeyen hastanin babasi kontrol randevu tarihlerinde
poliklinige gelerek c¢ocugunun odasina kapandigini,
kendisine siddet uyguladigini, temel barinma ve hijyen
ihtiyaclarini  belirtmistir. Olgu saghk tedbir karar
kapsaminda yatakl tedavi kurumuna sevk edilerek iki ay
yatakli ¢ocuk psikiyatrisi kliniginde tedavi gormds,
taburculugun hemen sonrasinda ise giindiiz kliniginde
tedavi altina alinmstir

Glndiz klinigimizde olgu’ya ruhsal bozukluklari ile ilgili
psikoegitim  verilmis,  psikofarmakolojik  tedavisi
dizenlenmis, ilag tedavisine ek olarak bilissel davranisgl
terapiye baslanmistir. Olgu internet kullanim siresi
olarak ginlik belirlenen kullanim sirelerine uyum
saglamistir. ilgi alanlarina yénelik sosyal aktivitelere
baslayan hastanin olumlu yanlari desteklenerek gliglerini
fark etmesi saglanmaya calisilmistir. Glnlik bireysel
gorismeler vyapilarak tedavide Ogrenilenleri gunlik
yasantida uygulama konusunda destek olunmustur.
Haftada en az bir giin anne ve baba ile ayrintili
gorismeler vyapilarak ergenlikte kimlik gelisimi,
bireysellesme siireci ile ilgili bilgi aktarilarak ¢ocugun
ozerklesmesine engel teskil edecek ebeveynlik tutumlari
ele alinmistir.  Sinif  6gretmenleri  ve okul ile
goristlmistir. Gindiz kliniginde olgunun sinif ici ve disi
tutum ve davranislari, akran iletisimi, akademik becerileri
ile ilgili gozlemler degerlendirilerek tedavi
sekillendirilmistir. Ancak ilerleyen siregcte hastanin
kurallara uyum saglamakta zorlandigi, diger hastalara
midahalelerde bulundugu, uyarilara karsi geldigi, klinige
mazeretsiz devamsizlik yaptigl, anne babanin sinir
koyamadig gozlenmistir. Cocugun tedavisinden sorumlu
doktor ve birimde goérevli sosyal hizmet uzmani
tarafindan ¢ocugun yasadigl ev ve gevre kosullarinin
degerlendirilmesi amaciyla sosyal inceleme amagli ev
ziyareti yapilmasi planlanmistir. Ev ziyareti i¢in babanin
onayi alinmis ve kendileri ile randevulagilan giin ve saatte
ev ziyareti gercgeklestirilmistir. Ev ziyareti esnasinda
odalarin daginik ve tadilat gerektiren bir gérintisinin
oldugu, ev kapilarinin olgu esyalara zarar verdigi igin
cikartilmis oldugu, esyalarin olduk¢a eski, yer yer
kullanigsiz ve ailenin ihtiyaglarini yeterince
karsilamayacak durumda oldugu, evin hijyen kosullarini
saglamadigl, oldukga daginik oldugu, olgunun kendisine
ait bir odasinin bulunmadigi, salondaki oldukga eski bir
cekyati yatak olarak kullandigl, yasanilan konutun
isyerlerinin yogun oldugu merkezi bir konumda olmasi
nedeniyle olgunun sosyal olanaklardan mahrum kaldigi,
yasanilan apartman ve etraftaki diger binalarda genellikle
bekar ya da yash insanlarin yasadigi, arkadaslarinin
olmadigi, disariya ¢ikmadigi gézlemlenmistir.

Olgunun takiplerinde ruhsal agidan kotlilesme oldugu,
internet bagimhhgi, takintilar, 6fke nobetlerinin tekrar
gelistigi, ebeveynlerin ise yapilan aile goriismelerinde
sorunlari dissallastirma egilimde olduklar, tutum
degisimi konusunda direng gosterdikleri, kendilerinde bir
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sorun olmayip tiim sorunun gocuklarinda olduguna dair
soylemlerinin  oldugu, ailenin kendilerine yonelik
davranigsal 6nerileri ihmal ettikleri, tedavi ekibinden de
¢ocuktaki sorunlarin tedavi edilmesine dair
beklentilerinin oldugu, olgunun klinige diizenli ve devamli
gelmesini  saglamadiklari, vyalniz birakmaya devam
ettikleri gozlemlenmistir

Sosyal hizmet uzmani tarafindan danismanhk tedbir
kapsaminda vakadan sorumlu kurum danismani ile
gorusme yapilmis, yapilan gériismede danigsmanlik tedbir
surecinde vyeterince ilerleme saglanamadigl bilgileri
edinilmistir. Okul idarecileri ve rehberlik birimi ile yapilan
gorismede de c¢ocugun okula gitmedigi Dbilgileri
edinilmistir.

Olgu bir ayhk takip stirecinden sonra gindiz klinigine
uyum saglamamasi ve devam etmek istememesi lizerine
taburcu edilerek takiplerinin poliklinikten yapilmasina
karar verilmistir. Sik araliklarla poliklinikten takip
edilmeye baslayan ve saglik tedbir karari kapsaminda
olan olgunun bir slre sonra poliklinik takiplerini de
aksattig1 gozlenmistir.

Takip icin kontrol randevularini aksatan olgudaki davranis
sorunlarinin artmaya basladigi, hastaneye gelmeyi kabul
etmedigi, anne ve babaya fiziksel siddet uyguladigi bu
nedenle anne ve babanin olgu’yu evde yalniz birakarak
evi terk etmek zorunda kaldiklari bilgileri edinilmistir.
Saglik tedbir karari kapsaminda da poliklinik takiplerine
gelmeyen olgu hakkinda baba sik sik hastaneye gelerek
olgunun sorunlarinin artarak devam ettigini, kendilerinin
caresiz kaldiklarini belirtmistir.

Glindiz klinigi tedavi ekibi olgu hakkinda vaka toplantisi
yapmistir. Yapilan tiim degerlendirmeler neticesinde
¢ocukta yasanan sorunlarin giderilmesi siirecini anne-
babanin yonetemedigi, aksine anne-baba tutumlarinin
cocuktaki sorunlari daha da artirdigi ve bu tutumlarin onu
kiskirtmaya yoénelik oldugu, anne-babaya verilen
Onerilerin yerine getirilmedigi anlasiimis olup cocugun
artan siddet davranislarinin kendisinde ve ebeveyne
yonelik ciddi ve hayati sonuglar dogurabilecegi, babanin
evi terk etmesi, cocugun evde tek basina disari gikmadan
vakit gecirdigi ve kapiyi kimseye agmamasinin da tehlike
arz ettigi, bu nedenle c¢ocugun kurum bakimina
alinmasinin  gerekliligi  konusunda  fikir  birligine
varilmistir. Cocugun tedavi slreci ile cocuk ve ebeveynleri
arasindaki sorunun varhgi ve cocugun giincel durumu ile
ilgili sosyal hizmet wuzmani tarafindan durum
degerlendirme raporu hazirlanarak g¢ocugun kurum
bakimina alinmasinin ivedilikle degerlendirilmesi ve ilgili
kurumlardan ¢ocuk ile calisma yapan temsilciler ile olgu
hakkinda degerlendirilme yapilabilmesi amaciyla ¢ocuk
koruma alt komisyonunun toplanmasi icin ASHiM’e
bildirimde bulunulmustur. ASHIM tarafindan yapilan
kapsamli sosyal inceleme neticesinde ¢ocugun babasinin
siddet nedeniyle evi terk ettigi, uzun siredir tek basina
evde kaldigli uzun zamandir da okula gitmedigi, okulda
oldugu sinirll zamanlarda okuldaki arkadaslarina da
siddet uyguladigi bilgileri edinilmistir. ilgili kurum ve
kuruluslarin temsilcilerinin de katihm sagladigi ¢ocuk
koruma alt komisyonunda  yapilan kapsamli
degerlendirme de ¢ocugun yatakli tedavi kurunda tedavi
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gormesi ve taburculuk sonrasinda kurum bakimina
alinmasinin uygun olacagl yoninde karar alinmigtir.
Babasi evden ayrilan ve evde yalniz bagina kalan ve kapiy
kimseye agmayan olgu i¢cin mahkemeden zorunlu tedavi
karari gikarilmistir. Yatakli tedavi ve kurumum bakiminiilk
basta reddeden olgu kendisine yapilan kapsamli
aciklamalar sonrasinda tedavi kurumuna gitmeyi ve
sonrasinda da kurumda kalmayi kabul etmis ve kendisi ile
sozIi kontrat yapilmistir. Olgu ve baba ile yapilan
gorusmeler neticesinde olgu yatakl bir gocuk psikiyatri
klinigine yatirilmig, taburculuk sonrasinda ise aile yanina
verilmeden kurum bakimina alinmigtir.

Saglk tedbir karari kapsaminda takipleri hastanemizde
yapilan ve Onceleri takiplerine dizenli olarak
getirilmeyen ¢ocuk, kurumda korunma altina alindiktan
sonra kurum personeli tarafindan dizenli olarak kontrol
randevularina getirilmistir. Olgu kurum bakimina
alindiktan sonra yakin takibe alinmis ve kisa sure
araliklarla tedavisi diizenlenmistir. Olgu ve kurum meslek
elemanlari ile yapilan dizenli gérismelerde ¢ocugun
tedavi slirecinden fayda gordigl, ailesi yaninda ilag
kullanimini reddeden olgunun kurumda ilaglarini diizenli
olarak aldigi, kurum danismani ile rutin gorismelere
katildigir ve onunla olumlu iletisim halinde oldugu,
kuruma ilk geldigi zamanlarda bilgisayara kullanimi
suresinde kendisine esnek davranildigi ancak ilerleyen
zamanlarda bu surelere iliskin kurallara uyum sagladigi,
kurumun kendine yonelik hazirlamis oldugu tim
kurallara uyum saglamaya calistigi, kurumdaki
arkadaslarina ve personele yonelik herhangi bir siddet
davranisi sergilemedigi, ebeveynlerinin yaninda iken
birakmis oldugu okuluna diizenli olarak devam ettigi,
sosyal aktivitelere de isteyerek katildigi, ebeveynlerinin
kendisini kurumun belirledigi zaman diliminde kurumda
ziyaret ettigi, ilk baslarda kurum danismaninin
gozetiminde goérisme yaptigl, ebeveynleri ile olumlu
iletisim halinde oldugu, ilerleyen zamanlarda resmi tatil
ve bayram giinlerinde ebeveynlerinin yanina kisa sireli
izinli olarak gidebilecegi bilgileri edinilmistir. Uzun aralikh
takiplerde de olguda herhangi bir olumsuz durum
gozlemlenmemistir.

Tartigma

Psikiyatrik tedavi slireci, hastayi, ailesi, cevresi ve
toplumu da igine alacak seviyede bitiinciil olarak ele
alinmasini ve bununla birlikte disiplinler arasi ekip
calismasini gerektirmektedir®. Kliniklerde ruhsal sorun
yasayan bireylerin kapsamli tedavi hizmeti alabilmeleri
icin kliniklerde psikiyatri uzmani ve psikiyatri hemsiresi,
psikolog, sosyal hizmet uzmani ve mesleki terapistlerden
“psikiyatri ekipleri” olusturmalari tavsiye edilmektedir®.
Bu nedenle multidisipliner yaklasim ¢agin bir ihtiyacidir.
Multidisipliner  yaklagimdaki isbirlikgi iliski, ekip
calismasini tesvik eder ve farkh uzmanlik alanlarinin
yuksek uzmanlik becerileri en kaliteli hizmeti sunmak igin
birlikte calisir. Ekipteki Gye sayisi uzmanlklar arasindaki
koordinasyona baghdir. Tedavi silrecinde g¢ocugun
tedavisinden sorumlu psikiyatrist sadece tani koyup
farmakoterapi recete etmekle kalmaz, ayni zamanda
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farkh risk faktorlerini, psiko-sosyal yonleri ve diger
karmasik sorunlarin belirlenmesi igin diger ruh saghg
uzmanlariyla koordinasyon saglar®. Olgunun tedavi
gordlgl ginduz kliniginde cocuk ve ergen psikiyatristi,
sosyal hizmet uzmani, psikolog, psikiyatri hemsiresi gorev
yapmakta ve olgular ile disiplinler arasi ekip ¢alismasi
yapilmaktadir.

Bireyin saghkl bir kisi olabilmesi onun biyo-psiko-sosyal
yonden saglikli olmasina baghdir. Her ¢ocuk gelisim
sirecinde birtakim zorluklar ve sorunlar
yasayabilmektedir.  Bu  sorunlar  bireyin  kendi
ozelliklerinden kaynaklanabilecegi gibi ailesel ya da
cevresel nedenlerden de kaynaklanabilmektedir.
Ergenlik, cocuk olarak yasanilan bir hayattan eriskin
olarak vyasanilacak bir hayata geciste ©6nemli bir
dénemidir. insan hayatinda biyolojik, psikolojik ve
toplumsal agidan hizli ve 6nemli degismelerin meydana
geldigi ergenlik donemi, pek ¢ok sorunun da ortaya ¢iktigi
ve vyasandigl bir donem olmasi nedeniyle oldukga
onemlidir. Bireyde meydana gelen biyolojik, psikolojik
degisme ve gelismeler sonucunda ortaya gikan sorunlara,
aile, okul ve arkadas c¢evresinde yasanan toplumsal
sorunlarin da eklenmesi, bu dénemi daha da sikintili bir
dénem haline getirebilmektedir®. Bu dénemde yasanan
ruhsal sorunlar kisinin caresiz hissetmesine, igine
kapanmasina ya da bir takim davranis sorunlari
gelistirmesine neden olabilir. Bununla birlikte anne
babanin tutarsizligl, cocuk izerindeki denetim zayifligi ve
fiziksel icerikli ceza uygulamalari da ¢ocukta davranis
sorunlari gelistirmesine neden olabilmektedir’. Aile
bireyin saghkh olmasina imkan olusturan en temel
kurumdur. Bireyin islevselligi lizerinde en ¢ok etkiye sahip
olan sistem de aile sistemidir. Bu sistem bireylerin
gereksinimlerinin karsilandigi en temel sistem olup
bireyin islevselligi acisindan yasamis oldugu sorunlarin
kaynagl da genel olarak aile sistemi kaynakhdir®. Bu
acidan bakildiginda ruhsal tedavide kisa ve uzun siireli
etkileri agisindan ergen, okul ve toplum temelli
midahaleleri kullanan aile odakli yaklasim en etkili tedavi
yonetimi olarak kabul edilmektedir’. Dikkat Eksikligi
Hiperaktivite Bozuklugu (DEHB) dikkat, konsantrasyon
hareketli olma hali ve dirti kontroliiniin eslik ettigi,
cocuklarin akademik ve sosyal hayatini olumsuz olarak
etkileyen ve c¢ocukluk doneminde sik karsilasilan
psikiyatrik bozukluk olup uzun siireli butincil olarak
uygulanan tedavi ile hastalikta fark edilir bir diizelme
olmaktadir®. Bu hastaligin tedavi siirecinde ebeveyn
tutumlari ve egitimi 6zel 6nem arz etmekte olup tedavi
edilmemesi durumunda baska psikiyatrik sorunlarin
eklenmesi, aile ve arkadas cevresi ile sorunlar yasama,
sigara, alkol ve madde kullanimina yonelme ve adli
olaylara karisma gibi problemler ile
karsilasilabilmektedir'®. Olgunun ilk tedaviye baslama
yasi 7’dir. Dikkat eksikligi hiperaktivite bozuklugu tanisi
alan ¢ocuk diizenli takiplerine getirilmemis, ebeveynleri
tarafindan uzun siire tedaviye ara verilmis, ergenlik
dénemi ile birlikte artan sikayetleri kapsaminda ancak
tedaviye getirilmistir. Zamaninda tedavisi aksatilan
cocugun ebeveynlerinin kendi aralarindaki iletisim
sorunlari ve c¢atismalari neticesinde meydana gelen
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bosanma sireci ile bosanma 6ncesi ve sonrasi ¢ocuga
yonelik sorunlu tutum ve davranislari nedenleriyle
olgunun ruhsal sikayetleri artmis daha farkh sorunlar da
gelistirmistir.

Ebeveynler arasindaki siddetli catisma bosanma ile
sonuglanabilmekte ve bosanma sonrasi bu c¢atisma
ortamindan  uzak kalmasi  gocuklarin  yararina
olabilmektedir. Ancak bosanma sonrasi ¢ocuga yonelik
devam eden olumsuz tutum ve davraniglar gocugun yine
bu siregten olumsuz etkilenmesine neden
olabilmektedir. Bu nedenle bu tir ailelerde anne-
babanin bosanmasi ya da tek ebeveynli olmasi da gocuk
ihmal ve istismarinda risk etmenlerindendir!l. Sosyal
devletler, gesitli sosyal politika ve yasal diizenleme gibi
unsurlar ile ailenin giiclendirilmesini ve desteklenmesini
saglayarak c¢ocuklarin oncelikli olarak ailesi yaninda
bakilmalarinin saglanmasini amaglamaktadir ancak tim
bu sistemler sayesinde bir ¢ocugun ailesi yaninda
korunup bakimi imkansiz hale geldiginde alternatif bakim
secenekleri devreye girebilmektedir??.

24.12.2006 tarihinde yayimlanarak ylrlrlige giren
26386 sayili Cocuk Koruma Kanununa Gore Verilen
Koruyucu ve  Destekleyici  Tedbir  Kararlarinin
Uygulanmasi Hakkinda Yonetmelik ¢ocuk koruma
kanununda belirtilen koruyucu ve destekleyici tedbir
kararlarinin  hangi kurumlar tarafindan ve nasil
uygulanmasi gerektigi konularinda detayll hukimleri
icermektedir. ilgili ydnetmeligin 20. ve 21. maddeleri ile
tedbir kararlarinin etkinliginin degerlendirilmesi igin il ve
ilcelerde vaka bazinda degerlendirme vyapilabilmesi
amaciyla Cocuk Koruma Alt Komisyon Kurullarinin
olusturulmasi hikme baglamistir. Yasanan sorun ve
aksakliklar nedeniyle diger kurumlarin da hakkinda tedbir
karari uyguladiklari olgunun durumunun komisyon
nezaretinde degerlendirilebilmesi amaciyla hastane
sosyal hizmet uzmani tarafindan Cocuk Koruma Il
Koordinasyon Kurulu alt komisyon toplantisinin
dizenlenmesi talep edilmistir. Toplantiya hastaneden
cocuk psikiyatri doktoru ve sosyal hizmet uzmani katiimis,
Sosyal Hizmetler il Midirligiinden cocuk hakkinda
danismanlik tedbir kararini uygulayan sosyal hizmet
uzmani, Milli Egitim il M{dUrligi’nden egitim tedbirini
uygulayan rehber 6gretmen ve il Saglik Midirligi’nden
ise saglik tedbir kararinin uygulanmasinda koordinasyon
sorumlusu ¢ocuk gelisimcisi katim saglamistir.

Olgunun anne babasinin bosanmasi, bosanma sonrasinda
aralarindaki iletisim sorunlarinin artarak devam etmesi,
cocuklarinin iyiligi icin gerekli olan ortak sdylem ve
davranis gelistirememeleri, kendilerine verilen tim
Onerilere ve egitimlere ragmen c¢ocuklarina yonelik
sorunlu tutum ve davranislarina devam etmeleri,
Uzerilerine dlisen sorumluluklari yeterince yerine
getirememeleri, yasanan sorunlarda cocugu hedef ve
suglu olarak gostermeleri gibi durumlar g¢ocugun
sorunlarinin ¢esitlenmesine, siddetini artirmasina ve
tedaviye uyumunu olumsuz etkilemesine neden olmus ve
daha oOnce olgu hakkinda alinan saghk, egitim ve
danismanlik tedbir kararlarinin uygulanamamasi ve
amacina ulasilamamasi  ve tedbir kararlarinin
uygulanmamasinda ebeveynlerinin 6nemli derecede
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etkilerinin  olmasi, tim  muidahalelere ragmen
ebeveynlerinin sireci kolaylastirmaktan ziyade daha da
icinden ¢ikilamaz hale getirmeleri nedeniyle son gare
olarak c¢ocuk hakkinda bakim tedbiri alinarak kurum
bakimina alinmasinin gerekliligi tGzerinde fikir birligine
varilmistir. Bu kapsamda olgunun kurum bakimina
alinmasi Cocuk Koruma il Koordinasyon Kurulu alt
komisyon toplantisinda kararlastiriimistir.

Cocuklarin gelisimleri agisindan yetisebilecekleri en
uygun ortam saglikh aile ortamidir ancak her ¢ocuk bu
ortama sahip olamamakta ve aile kaynakli ciddi sorunlar
nedeniyle cocuklar kurum bakimina alinabilmektedir.
Kurum bakiminin gocuklarin biyo-psiko-sosyal gelisimleri
tzerinde pek cok olumsuz etkileri oldugu bilinmektedir®3,
Milosavljevi¢-buki¢  (2020)'nin  Belgrad’da  kurum
bakiminda kalan gocuklarin ruhsal 6zelliklerini ele aldigi
486 c¢ocugun ele alindigi c¢alismada, bu g¢ocuklarin
%19,8’ine (n=96) ruhsal tani konuldugunu, kuruma
yerlegtirilen ¢ocuk ve ergenlerin, olumsuz etkiler ve ilk
cocukluktan itibaren olumlu duygusal uyaranlarin
yoklugu g6z 6niinde bulunduruldugunda, savunmasiz bir
nifus oldugunu ve ruhsal bozukluk gelistirme riskinin
onemli dlglide daha yliksek oldugunu belirterek kurumda
kalmaya bagli ruhsal sonuglarin gocugun yasina, kurumda
kalma siiresine, onceki aile deneyimlerine ve gocugun
gecirdigi  yasam  degisikliklerine  bagh  oldugunu
belirtmistir4.

Bu nedenle ¢ocuklarin kurum bakimina alinmalari en son
care olarak degerlendirilmelidir. Ailenin desteklenerek
cocuklarin  korunmaya ihtiya¢ olma durumlarinin
engellemesi durumunda g¢ocuklarin kurum bakimina
alinmasina gerek duyulmamaktadir. Ancak ilgili
kurumlarinin tiim miidahalelerine ragmen g¢ocugun aile
sisteminde zarar  gordiginin degerlendirildigi
durumlarda bu segenek zorunlu olarak devreye
sokulmaktadir.

Olguda ailenin yaninda kaldigi silirecte gerek Sosyal
Hizmetler il Midirligiinin gerekse de psikiyatri
kliniginin tim muidahale ve c¢alismalarina ragmen
iyilesmenin  olmadigl, g¢ocugun tedaviyi aksattigl,
kendisine onerilen ilaglari  kullanmadigi, okulunu
biraktigl, kendisini odasina kapattigi, beslenme gibi
zorunlu ihtiyaglarini dahi aksattigi, siirekli bilgisayar
basinda vakit gecirdigi, haftalarca evinden disari
¢ikmadigi bilgileri edinilmis, anne ve babanin bu sireci
yonetemedigi ve hatta ¢ocugun bu siirece gelmesinde
kendilerinden kaynakh tutum sorunlari nedeniyle
etkilerinin oldugu, c¢ocugu kendi halinde basibos
biraktiklari anlasilmis ve ciddi olarak ihmal edilen,
yasamsal risk yasayan ¢ocugun oncelikle zorunlu yatis
tedavisinin saglanmasi ve sonrasi kurum bakimina
alinmasi icin mahkeme kararinin ¢ikarilmasi saglanmistir.
Yatakli tedavi sonrasi kurum bakimina alinan olgu
kurumlar arasi  multidisipliner bir yaklasim ile
degerlendirilerek tedaviden fayda saglamis, sosyal
aktivitelere katilim saglamis, ara verdigi egitimine diizenli
olarak devam etmis ve ebeveynleri ile de goriiserek
saglikh iletisim kurmustur.

Ergenin saglikli bir gelisim gdsterebilmesi icin aile yaninda
akran iliskileri de 6nem kazanmaktadir. Ergenlik donemi
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¢ocugun ailesinden uzaklasip kendi yasitlar icerinde
kabul gérmek ve iletisim kurmak istedigi bir ddnemdir, bu
dénemde olumlu arkadas iliskileri cocugun olumlu
davranis gelistirmesinde kilit role sahiptir. Cocuk
evlerinde kalan ergenlik c¢agindaki c¢ocuklarin ruhsal
dayaniklilik, 6z yeterlilik ve sosyal duygusal 6grenme
becerilerinin degerlendirildigi yakin tarihli bir ¢calismada
¢ocugun yakin arkadaslarinin bulunmasinin onlarin 6z
yeterlilik ve duygusal 6grenme dizeylerini artirdig
bulunmustur®>. Olgunun kurum bakimina alinmadan
once hem ailesi ile ciddi sorunlar yasamasi hem de yakin
arkadas cevresinin olmamasi onun davranis sorunu
gelistirmesinde etkili olmustur. Kurum bakimina
alindiktan sonra kontrol randevularinda olgu ve kurum
gorevlileri ile yapilan goériismede olgunun kurumda diger
cocuklar tarafindan kabul gordigi, olgunun da onlarla
kisa slre igerisinde olumlu iletisim kurdugu, onlarla
birlikte kurum sosyal aktivitelerine katihm sagladigi,
kurum aktivite disi zamanlarda da arkadaslaryla
paylasimlarda bulundugu, vyakin iletisim icerinde
bulundugu kisiler ile okuluna gittigi, bu durumun olguda
olumlu etki olusturdugu bilgileri edinilmistir. Yatakh
tedavi sonrasi catisma ortaminda oldugu evi yerine
hemen kurum bakimina alinan olgunun kurumda hemsire
gozetiminde ilaglarini diizenli olarak almasi, kurum
danigsmani ve sosyal serviste gorevli meslek elemanlarinin
olgu ile rutin gérisme yapmalari, kurumda kendi yasiti
olan kisiler ile sosyal aktivite programlarina katilmasi,
gocugun yas ve gelisimine uygun tutum ve davranislarda
bulunulmasi, kurum hemsiresi ve danismaninin
tedaviden sorumlu doktor ile sik iletisimde olmasi ve
tedavi kapsaminda kendilerine gocuk icin verilen &nerileri
yerine getirmeleri, olgunun okuluna devam etmesinin
olguda sorunlu davranislarin azalmasinda ve tedaviye
uyumunu artirmasinda etkili oldugu disiinilmektedir.

Bu olguda tedaviye direngli bir hastanin multidisipliner
yaklasimin kapsayicilig ile artan tedavi etkinligi, farkh
meslek gruplarinin tedavi Uzerindeki katkilari ve uzun
sureli takipte yasanan sureglere ve bu siiregte gocuk
koruma sisteminin devreye alinmasi durumuna dikkat
cekilmek istenmistir. Cocuk ruh saghg alaninda
karsilasilan tedavi direngli olgulari multidisipliner
yaklasimla ve gerektiginde kurumlar arasi koordinasyon
ile ele almak tedavi etkinligini artirmaktadir. Olgumuzda
yatakli servisten taburculuk sonrasi giindiz klinigine
baslayarak yakin takibe alinmistir. Olgunun pargalanmis
aile yapisina sahip olsa da anne ve babasinin egitimli
olmasi, maddi yoksunluk igerisinde olmamalari ve cocugu
tedaviye getirme motivasyonlarinin olmasi nedenleriyle
oncelikle onun ailesinin yaninda kalarak desteklenmesi
ve tedavi edilmesi amaglanmis ve ¢cocugun ve ailenin bu
slirece aktif katihmlarinin saglanmasi ve desteklenmesi
amaciyla da Cocuk Koruma Kanunu kapsaminda ¢ocuk
hakkinda danismanlik, egitim ve saghk tedbir kararlar
alinmigtir. Ancak sireg igerisinde bahse konu olan
cocugun yasamis oldugu sorunlarin daha da arttigi,
bunda daha ¢ok ailesinin ¢ocuga yonelik tutumlarinin
etkisinin oldugu, ebeveyn tutumlarindaki bu sorunlarin
¢ocugun saghk durumunu daha da kotilestirdigi
anlasildigindan ¢ocugun kurum bakimina alinmasi
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saglanmistir. Olgu hakkinda bakim tedbir kararinin geg
uygulanmasi ruhsal sorununun daha da artmasina neden
oldugundan bu tiir vakalarda sorun fazla kroniklesmeden
daha erken harekete gecilmesi ayrica Onem arz
etmektedir. Ebeveynlerin iyi sosyo-ekonomik diizey ve
yuksek egitim seviyesine sahip olmalari cocuklarin ihmal
ve istismari agisindan koruyucu faktér olmasina karsin tek
basina yeterli degildir. Bu durumlar sosyal inceleme
surecinde sosyal hizmet uzmaninin gocugun korunmaya
ihtiyaci olan ¢ocuk kapsaminda degerlendirmesinde
bakim tedbiri kapsaminda korunmaya ihtiyaci olmadigina
dair bir tiir yanilsama yasamasina neden olabilir. Olgudan
da anlasilacagi tizere ¢ocuklarin ailelerin yaninda olmasi
onlarin biyo-psiko-sosyal gelisimi ve sagligi agisindan her
zaman olumlu bir durum olusturmamakta hatta kimi
zamani ¢ocuklarin iyilik hallerini tehlikeye atabilmektedir.
Bu nedenle bu tir olgularda son segenek olan kurum
bakim tedbirinin uygulanmasinin ¢ocuk (zerinde bir
takim olumsuz etkileri olabilecegi ancak kaotik aile
yapisinin ve uygun olmayan tutumlarin meydana getirdigi
olumsuz etkilere gére daha yararli sonuglari olacagini
disindirmektedir.
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Case Report | Olgu Sunumu

FORMATION VARIATION OF THE MEDIAN NERVE: A CADAVERIC CASE
REPORT

N.MEDIANUS'UN OLUSUM VARYASYONU: BIR KADAVRA OLGU SUNUMU

@ Mehtap Erdogan?’, @ Keziban Karacan?, @ Huseyin Baylan?, @ Ebru Mihriban Guven?

1Sakarya University, Faculty of Medicine, Department of Anatomy, Sakarya, Tirkiye.

ABSTRACT

The median nerve, the longest branch of the brachial plexus, is
formation in axillary fossa by a fusion of two nerves including the
radix lateralis nervi mediani and radix medialis nervi mediani. A
variant of that formation was observed during routine dissection
at anatomy department of our faculty. It was found that the left
median nerve was formed by three branches (two lateral and one
medial). One of the roots originated from the fasciculus medialis;
the other two roots originated from the fasciculus lateralis. This
variation should be known and has clinical importance especially
in surgical interventions, surgical interventions of traumatic cases
and radiologic evaluations in order not to mislead the clinician.

Keywords: Anatomical variation, dissection, median nerve,

brachial plexus

(074

Plexus brachialisin en uzun dali olan n. medianus; fossa axillariste,
radix lateralis nervi mediani ile radix medialis nervi mediani'nin
birlesmesi ile olusmaktadir.

Sakarya Universitesi Tip Fakiiltesi Anatomi Anabilim Dal’'nda tip
Ogrencileri igin yapilan rutin diseksiyon sirasinda, N.medianus'un
varyant bir olusumu goézlenmistir. Sol aksiller bolgede, normalden
farkh olarak N.medianus'un iki lateral ve bir medial dalin birlesimiyle
olustugu tespit edilmistir. Koklerin biri, fasciculus medialisten; diger
iki kok ise fasciculus lateralisten kaynaklanmaktaydi. Bu varyasyon,
ozellikle cerrahi girisimlerde, travmatik olgularin  cerrahi
girisimlerinde ve radyolojik degerlendirmelerde  klinisyeni
yaniltmamasi igin bilinmelidir ve klinik 6neme sahiptir.

Anahtar Kelimeler: Anatomik varyasyon, diseksiyon, n. medianus,
plexus brachialis
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Introduction

The plexus brachialis is a complex nerve network that
provides motor and sensory fibers to the upper extremity
through the fusion of the ramus ventralis arising from the
C5-T1 segments. The median nerve is usually formed
anterior or lateral to the a.axillaris by the union of the
radix lateralis (LR) from the faciculus lateralis and the
radix medialis (MR) from the faciculus medialis (Figure 1).
However, as a result of variations during embryonic
development, the median nerve may form with three or
more roots. Knowing this variation reduces the risk of
complications in clinical and surgical practices.3
Anatomical variations of the brachial plexus have crucial
importance in the diagnosis of nerve blockages,
peripheral nerve compression syndromes and surgical
interventions.>* Although the median nerve is a union of
two branches emerging from the lateral and medial
faciculi of the brachial plexus.? However, many variations
on this classical formation exist in literature. The
presence of abnormal branches between
musculocutaneous nerve and median nerve is among
common variations.*®

Figure 1. Diagram of brachial plexus (Image credits: Mehtap
Erdogan)

(UT: Upper Trunk; MT: Middle Trunk; LT: Lower Trunk; MC:
Medial Cord; PC: Posterior Cord; LC: Lateral Cord; MCN:
musculocutaneous nerve; MN: median nerve; UN: ulnar nerve;
LC: Lateral cord of brachial plexus; LR: Lateral root of the
median nerve; MR: medial root of median nerve)

The embryological origin of these anatomical variations
is based on the segmental organization and the
environmental factors.® This variability during the
embryonic period may affect the formation and
distribution of the median nerve.” Variations may
increase risks in surgical procedures and repair of nerve
injuries and affect the efficacy of peripheral nerve
blocks.%3
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This case aims to contribute to clinical practice and the
prevention of surgical complications by better
understanding the variants of the median nerve.

Case Report

A variant formation of the median nerve (MN) was
observed in the left axilla and arm region of an adult male
cadaver during dissection in Sakarya University Faculty of
Medicine Anatomy Laboratory.

In the cadaver we examined, the median nerve was
formed by the merger of three roots: the first lateral root
of the median nerve (LR1), the second lateral root of the
median nerve (LR2) and the medial root of the median
nerve (MR). LR1 and LR2 originated from the lateral cord
and MR from the medial cord. After LR1, LR2 and MR met
anterior to the axillary artery, MN then continued along
the arm in its normal course, passing anterior to the
brachial artery (Figure 2). On the other hand the other
side MN (of the right upper extremity) had no variation
different from the population. No previous surgical
intervention or anomaly was found in the cadaver.

BB e

i

Figure 2. Dissection of the anterior compartment of left axilla
showing variant formation of median nerve

(MCN: musculocutaneous nerve; MN: median nerve; UN: ulnar
nerve; LC: Lateral cord of brachial plexus; LR1: First lateral root
of the median nerve; LR2: Second lateral root of median nerve;
MR: medial root of median nerve; AA: Axillary artery; AV:
Axillary vein)

Remarkably, the high level of origin of the deep brachial
artery observed in some literature cases was not
detected in this cadaver.
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Discussion

Although the anatomists, clinicians may come across
many variations in the formation of the MN, MN is mostly
reported to consist of 2 roots (1 lateral and 1 medial). Like
we detected, there are also variations in which it may
consist of 2 lateral and 1 medial root.

MN variations result from segmental changes in the
embryonic development of the plexus brachialis. The
three-rooted median nerve formation observed in our
study is similar to previously described variations in the
literature. However, in this case, no accompanying
vascular anomaly was observed and the vascular
structures were found to conform to classical anatomy.
Like our finding, Sontakke et al.® Sontakke et al. also
reported the formation of a median nerve with three
roots, including two lateral and one medial roots®.
Besides no variation of the deep brachial artery and the
vascular structures were found in our case.

Pandey' and Uzun® described many variations related to
brachial plexus formation and stated that most variations
are due to the connections between the
musculocutaneous nerve and MN.Y> Uzun et al
emphasised the presence of conduction branches
between the musculocutaneous nerve and MN, and
stated that this may increase the risk of surgical
complications.> The presence of such transmission
branches was not observed in this case, but this may vary
in different populations.?

In a case reported by Morimoto et al. 2015, proximal
entrapment of the median nerve and course variations of
the axillary artery were observed together and it was
emphasised that such variations may lead to nerve
compression® Nonthasaen et al. have analysed the
variational relationships between the axillary artery and
median nerve in detail and emphasised the importance
of considering these relationships in surgical
interventions.10

In conclusion, the median nerve variations should be
considered in clinical applications, especially in surgical
procedures, nerve blockades and peripheral nerve
injuries. Embryological development and segmental
changes affect the median nerve formation leading to
clinically significant consequences.®’ These variations
may pose a risk for nerve compression syndromes,
surgical complications and nerve injuries and should be
considered in clinical diagnosis and treatment
processes.>?

In the light of all these findings, consideration of brachial
plexus variations in clinical practice reduces the risk of
complications, especially in cases such as nerve blocks,
peripheral nerve surgery and upper extremity trauma.
The clinical significance of such variations is especially
important in axillary surgeries, post-traumatic
reconstruction and nerve block applications. The position
of the roots and their relationship with the axillary artery
and its branches may predispose to vascular or
neurological compression syndromes.
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Compliance with Ethical Standards

The Institutional Review Board of Kocaeli University
granted ethical permission for this investigation
(Approval Code: KOU GOKAEK-2019, Project Identifier:
2019/269). All procedures were conducted in compliance
with the principles outlined in the Declaration of Helsinki.

Conclusion

Variant formations of the median nerve should be
considered in upper extremity surgery, radiological
diagnosis and evaluation of peripheral nerve injuries.
Three-rooted median nerve variations are rarely
detected in routine dissections and may lead to results
that may affect clinical practice.

Compliance with Ethical Standards

This case report is based on an anatomical variation
observed in a formalin-fixed cadaver during routine
dissection practice. According to institutional and
national guidelines, this type of study does not require
ethical committee approval. Nevertheless, all procedures
were conducted in accordance with ethical and
professional standards.
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ABSTRACT 6z

Obezite yasam kalitesini azaltan, birgok kronik hastalikla
iliskilendirilen bir saglik sorunudur. Obezitenin fizyolojik, sosyo-
kalturel, psikolojik, genetik bircok sebebi bulunmaktadir. Prader-
Willi Sendromu (PWS) obezite ile iliskilendirilen en yaygin genetik
hastaliktir. Bebeklik déneminde siddetli anoreksi, g¢ocukluk

Obesity is a health problem that reduces quality of life and is
associated with many chronic diseases. It has multiple causes,
including physiological, socio-cultural, psychological, and genetic
factors. Prader-Willi Syndrome (PWS) is the most common
genetic disorder associated with obesity. It is characterized by

severe anorexia in infancy and hyperphagia during childhood. The
hyperphagia that begins in childhood is the main cause of obesity
in PWS. Hyperphagia occurs because of an imbalance in the
hunger-satiety metabolism. Due to elevated levels of the
hormone ghrelin, a sense of satiety cannot be achieved. The aim
of the treatments applied is to prevent obesity. Medical nutrition
therapy is considered the most effective treatment method. To
prevent obesity in individuals with PWS, lifelong adherence to
nutritional therapy is required.

Keywords: Prader-Willi Syndrome, obesity, medical nutrition
therapy

déneminde hiperfaji ile karakterizedir. Cocukluk dénemi itibariyle
baslayan hiperfaji PWS’de obezite olusumunun temelidir. Hiperfaji
aclik-tokluk metabolizmasindaki dengenin bozulmasi sonucu
olugsmaktadir. Artan grelin hormonu seviyeleri sebebiyle tokluk hissi
olusamamaktadir. Uygulanan tedavilerin amaci obezitenin
o6nlenmesine yoneliktir. En etkili tedavi yonteminin tibbi beslenme
tedavisi oldugu belirtiimektedir. PWS’de obezitenin 6niine
gegilebilmesi igin yagam boyu beslenme tedavisine devam edilmesi
gerekmektedir.

Anahtar Kelimeler: Prader-willi sendromu, obezite, tibbi beslenme
tedavisi
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Introduction

Prader-Willi Syndrome (PWS) is a genetic disorder
characterized by feeding difficulties and severe
hypotonia in early infancy, followed by excessive eating
and loss of control overeating behavior in in boys during
childhood. The prevalence of the disease is reported to
range between 1/10,000 and 1/30,000. Individuals with
PWS exhibit delayed development of language and motor
skills, along with mild cognitive impairment. Anger
outbursts and manipulative behaviors are commonly
observed phenotypic features accompanying these
symptoms. Clinical manifestations include
hypogonadism, genital hypoplasia, delayed pubertal
development, and infertility affecting both sexes.
Additionally, short stature due to growth hormone
deficiency is commonly seen. The clinical features of PWS
were first described first described in 1887 as increased
adipose tissue. In 1956, Prader, Labhart, and Willi, who
named the disease, made a definition that included
clinical features such as cognitive impairment and
hypogonadism along with obesity.*? Prader-Willi
Syndrome is associated with developmental disabilities
and genetic abnormalities, such as lack of expression of
genes inherited from the paternal chromosome 15q11-
q13 region.? This lack of gene expression contributes to
the unique clinical features of PWS, including hypotonia,
short stature, and obesity.*

The excessive eating behavior that develops in
conjunction with Prader-Willi syndrome leads to the
formation of obesity. Consequently, comorbidities of
obesity, such as insulin resistance, type Il diabetes
mellitus, and sleep disorders, are frequently observed in
individuals with Prader-Willi syndrome.> Obesity
formation in Prader-Willi syndrome is attributed to
disruptions in hypothalamic control pathways and
imbalance in hunger-satiety metabolism hormones.
Despite research efforts investigating the genetic basis of
obesity, there are relatively few studies exploring the
relationship between Prader-Willi syndrome and obesity.
This review aims to investigate the relationship between
Prader-Willi syndrome—the most common genetic cause
of obesity—and obesity itself.®

Clinical Findings in Prader-Willi Syndrome
Characteristic facial features such as almond-shaped
eyes, low-set ears, and a small mouth are observed in
individuals with PWS. In addition to these facial features,
clinical findings include infantile central hypotonia,
feeding difficulties in infancy, growth retardation,
hypogonadism, hyperphagia (excessive eating), and rapid
weight gain after infancy.” The age-dependent clinical
findings in PWS are presented in Table 1.

Hypotonia: In PWS, signs of hypotonia can be detected
as early as the fetal period. It is often associated with
decreased fetal movements and an increased likelihood
of cesarean delivery. In infancy, it results in reduced
reflexes, lack of mobility, decreased response to
spontaneous stimuli, feeding difficulties, and failure to
achieve necessary weight gain. Mild to moderate
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hypotonia persists throughout the life of individuals with
Prader-Willi syndrome.®

Table 1. Clinical Findings in Prader-Willi Syndrome.

Age Range (year) | Clinical Findings
0-2 e Inadequate sucking reflex
e  Hypotonia
2.6 e Inadequate sucking reflex
e  Hypotonia
e  Hypotonia
6-12 e  Growth retardation
e  Obesity due to excessive eating
e  Cognitive impairment
513 e Uncontrolled eating behavior
e Hypothalamic hypogonadism
and/or typical behavioral issues
Hypogonadism: Congenital hypogonadism is a

commonly encountered clinical manifestation in PWS. It
results from inadequate secretion of gonadal steroids
due to deficiency in pituitary gonadotropins, including
Luteinizing Hormone (LH) and Follicle-Stimulating
Hormone (FSH). Cryptorchidism is found in the majority
of male children with Prader-Willi syndrome.>*°

Growth Retardation: Individuals with Prader-Willi
syndrome (PWS) commonly experience developmental
delays in motor skills. The prevalence of this delay is
reported to range between 90-100%. In the majority of
children with PWS, the acquisition of sitting, walking, and
speaking skills occurs much later compared to their
peers. When examining the 1Q scores of PWS individuals,
it is noted that the majority have a mild level of
intellectual disability (1Q: 60-70). Regardless of 1Q levels,
children with PWS often struggle with learning
difficulties, and their academic skills are generally weak.!!

Diagnostic Criteria

Classic neonatal findings of PWS include central
hypotonia and decreased deep tendon reflexes.
Additional features are feeding difficulty, weak crying,
decreased fetal movements, and characteristic facial
features. Diagnostic criteria were developed by Holm et
al. in 1993. Minor and major criteria are shown in Table
2. For diagnosing PWS, major criteria are assigned 1 point
each, while minor criteria are assigned 0.5 points.
Between the neonatal period and age 3, a total score of
5 or more, including at least four major criteria, is
considered diagnostic. Between ages 3 and adolescence,
a score above 8, including at least five major criteria, is
diagnostic.?

Prader-Willi Syndrome and Obesity

Obesity is the most significant health issue in PWS. It is a
risk factor for many diseases such as heart disease,
atherosclerosis, and diabetes. Obesity develops in
conjunction with excessive eating after anorexia
experienced in infancy.® In Prader-Willi syndrome,
individuals often exceed the ideal body weight
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and if left untreated, obesity-related
complications such as cardiopulmonary disorders,
hypertension, and diabetes mellitus can result in
significant morbidity and mortality. In PWS, the body fat
percentage can reach 40-50%, markedly exceeding
normal ranges.!?

significantly,

Table 2. Diagnostic Criteria for PWS.

Criteria Score
Major Criteria
e Infantile central hypotonia
e  Characteristic facial findings
(dolichocephaly, narrow bifrontal
diameter, almond eyes, downward-
turned lips, small mouth)
e  Feeding difficulties in infancy
e  Developmental delay 1-point for
e  Hypogonadism (hypoplasia of the | each

scrotum, undescended testicle,
small penis or testicle in boys;
hypoplasia of the labia minora or
clitoris in girls)

e  Hyperphagia

e Rapid weight gain between the
ages of 1-6

Minor Criteria

e Decreased fetal movements and
lethargy in the intrauterine period.

. Esotropia, myopia

e  Small hands and feet

e  Short stature (compared to family | 0.5
members)

e  Hypopigmentation

e  Sleep disorder or apnea

e  Articulation defect

e  Viscous secretion

e  Behavior problems

point
for each

In PWS, obesity arises due to hyperphagia, reduced
satiety perception, and loss of appetite control. The
combination of excessive caloric intake, reduced energy
expenditure, and insufficient physical activity leads to
morbid obesity. The use of appetite suppressant
medications to control hyperphagia has not yet been
proven effective in preventing obesity in PWS.* The
physiological mechanisms involved in the formation of
obesity include disturbances in limbic-hypothalamic
pathways responsible for satiety control and changes in
hormones regulating food intake.’

A persistent increase in plasma ghrelin is associated with
an increase in appetite and food intake through central
regulatory mechanisms in the hypothalamus. Decreased
plasma Pancreatic Polypeptide (PP) and Peptide YY (PYY)
play a role in the loss of satiety control. Growth hormone
deficiency and hypogonadism lead to a decrease in
muscle mass and an increase in body fat. Central
hypothyroidism  results in  decreased energy
expenditure.'® Figure 1 illustrates the physiological
mechanisms involved in the formation of obesity in PWS.
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Hyperphagia BMR

Food Intake * Energy Expenditure

Fat Free Mass

Adipocyte signals |

Peripheral hunger signals |

Adiponectin PPY
Leptin PP
Resistin Ghrelin

Figure 1. Physiological mechanisms of obesity in PWS.

Central Hormones and Peptides Playing a Key Role in
Obesity Formation in Prader-Willi Syndrome

Ghrelin: Ghrelin, known as the hunger hormone, is
secreted by the stomach. The release of ghrelin
stimulates appetite and leads to food intake, after which
blood ghrelin levels typically decrease. In Prader-Willi
syndrome, it has been determined that ghrelin levels are
above normal and show a continuous increase.'”?®
Additionally, A study evaluating ghrelin levels before and
after food intake in individuals with PWS found no
postprandial decrease in ghrelin levels.?° Elevated ghrelin
levels in PWS contribute to hyperphagia and are believed
to play a fundamental role in the development of
obesity.®

Pancreatic Polypeptide (PP) and Peptide YY (PYY):
Pancreatic Polypeptide and Peptide YY are anorexigenic
hormones released by the intestine that promote satiety
and inhibit food intake.?! In children with PWS, decreased
levels of PP have been identified, indicating a lack of
satiety.??2 Moreover, studies have found no difference in
the brain expression patterns of ghrelin, PYY, or their
receptors between individuals with and without PWS.23
Leptin: Leptin is a peptide produced by adipose tissue
and plays a role in regulating appetite and fat storage.
Released by adipocytes in response to signals of satiety,
leptin inhibits neuropeptide Y neurons, reducing food
intake and energy metabolism.?* In a study by Goldstone
et al, fasting leptin levels in individuals with PWS (n=42,
aged 7 months to 5 years) were found to be significantly
higher compared to age, gender, and body mass index-
matched controls (n=9).22 However, another study did
not find a significant relationship between leptin levels
and obesity in individuals with PWS or healthy controls.?®
The impact of leptin on appetite metabolism in PWS has
not been conclusively established, and there are studies
with varying results on this topic.

Adiponectin: Adiponectin is a peptide produced by
adipose tissue and plays a role in regulating fat storage.
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It has significant effects on increasing insulin sensitivity.
In a study, serum adiponectin levels were found to be
significantly lower in individuals with PWS who were
obese compared to those who were lean.?® It has been
determined that adiponectin increases insulin sensitivity
in Prader-Willi syndrome.?” In another research, it was
concluded that children with PWS have a lower likelihood
of developing diabetes compared to a healthy control
group with similar body mass index levels, attributed to
the higher secretion of adiponectin in individuals with
PWS.28

Nutritional Therapy in Prader-Willi Syndrome
Nutritional therapy for patients with PWS is typically
structured as a standard two-stage process, based on the
clinical course. The first stage (up to 18 months of age)
addresses the period characterized by poor nutrition,
often accompanied by hypotonia and growth
retardation. In the second stage, the focus shifts to
addressing obesity resulting from hyperphagia. During
this stage, caloric intake is restricted to 60—80% of the
Recommended Dietary Allowance (RDA) to prevent
obesity caused by hyperphagia in children.?®

The lack of satiety and hyperphagia is one of the most
significant challenges affecting individuals with Prader-
Willi Syndrome and their families. Individuals with PWS
face numerous chronic diseases that pose a life-
threatening risk due to the potential for obesity.
Achieving and maintaining proper body weight is crucial
in the treatment of Prader-Willi Syndrome. It is suggested
that approximately 60% of the energy intake
requirement is sufficient to achieve the necessary weight
loss in these children.?

During adulthood, the recommended calorie intake to
maintain weight varies among individuals but is generally
advised to be between 1000-1200 kcal/day. For children,
the recommended dietary treatment to achieve weight
loss should be around 75-80% of their age-specific
requirements. In cases of hyperphagia, energy intake
needs to be restricted. The content of implemented diets
should be balanced, including complex carbohydrates
and being rich in fiber.®®* Without early, intensive
nutritional therapy along with behavioral modification,
PWS patients develop severe obesity associated with
type 2 diabetes, obstructive sleep apnea, right-side heart
failure, and other obesity-related metabolic
complications.?®

Dietary variety should be increased, with a particular
emphasis on regular consumption of vegetable dishes
and salads, while maintaining portion control with fruits.
Increased water consumption is essential. Portion sizes
should be reduced, and smaller plates should be used for
serving to enhance visual appeal. The introduction of
packaged products (biscuits, candies, etc.) to children
with PWS should be delayed as much as possible. Food
restrictions should not be used as a punitive measure,
and no food item should be given as a reward to the child.
PWS children should be encouraged to increase physical
activity, including exercise, dance, and other calorie-
burning activities. They should be kept away from stimuli
that might encourage overeating. Establishing a daily
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routine that aids weight control is crucial, and its
continuity should be ensured. Relatives and friends of
individuals with PWS should be informed about the
implemented diet plan, and they should be prevented
from directing PWS individuals toward non-compliant
eating habits. It should be communicated to the child
with Prader-Willi Syndrome that giving them food
"secretly" is not an expression of love; on the contrary, it
negatively impacts the child's dietary regimen and
health. While implementing dietary therapy, children
should be educated in detail about what to consider in
food choices, and if there is a deviation from the daily
routine, the child should be informed in advance. Various
activities should be organized to reduce repetitive food
requests.3!

The effectiveness of pharmacological treatments for
Prader-Willi Syndrome has not been fully proven.
Placebo-controlled studies of anorexigenic agents have
shown no significant impact on hyperphagia. The
effectiveness of endocannabinoid receptor agonists and
various treatment approaches is still under
investigation.3233

Carbohydrate

Carbohydrates are organic compounds composed of
carbon, oxygen, and hydrogen, serving as a primary
source of energy for the body and being the most
abundant nutrient in our diet. In a study focusing on
carbohydrate intake ranging from 50% to 70%, with 12
grams or less of fiber, it was revealed that individuals
with Prader-Willi Syndrome (PWS) could benefit from a
well-balanced, energy-restricted diet with lower
carbohydrate consumption and higher dietary fiber
intake. It is known that individuals with PWS tend to
prefer simple carbohydrates. However, excessive intake
of simple carbohydrates, which are high in energy but
low in nutrients, can lead to obesity. Therefore, while
emphasizing the need to reduce energy intake in
individuals with PWS, a healthy and balanced approach is
recommended by providing complex carbohydrates.
Considering the potential fluctuations in plasma glucose
levels caused by simple carbohydrates, it is also
suggested in the nutrition program to prefer
carbohydrates with low glycemic index and load to avoid
such fluctuations.3*

In a study conducted by Irizarry et al., one group was
given a low-carbohydrate diet (15% carb; 65% fat; 20%
protein), while the other group received a low-fat diet
(65% carb, 15% fat, 20% protein). In the study, subjects
consuming the LF diet had lower postprandial insulin
concentrations (p<0.05); and higher fasting GLP-1
(p<0.05).3

Dietary fiber is thought to be beneficial in body weight
control due to its effect on the intestinal microbiota.
Studies also emphasize dietary fiber intake in PWS.3637 |n
a study conducted by Zhang et al. on 38 obese children
with PWS, they showed that a diet rich in indigestible
carbohydrates had significant contributions to both
weight loss and dysbiosis.’
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Protein

Protein intake is crucial for individuals with Prader-Willi
syndrome due to the unique challenges they face, such
as obesity and altered energy metabolism. Adequate
protein intake has an important role in increasing satiety.
Proper protein intake is important in PWS patients with
lean mass deficiencies.3®

Butler et al.3? conducted study that a comparison of two
different obesity treatments for children with Prader-
Willi syndrome. In this study, a group of 33 individuals
followed a diet consisting of 45% of energy intake from
carbohydrates (with a minimum of 20 grams of fiber per
day), 25% from protein, and 30% from fats. The diet of
another group of 30 individuals included 50%-70%
carbohydrates (<12 grams of fiber per day), 10%-23%
fats, and 15%-20% proteins. Significant and higher losses
in both body fat and body weight were observed in the
first group of children.

The study, based on the premise that meals with high
protein content increase energy expenditure, examined
the postprandial energy expenditure of individuals with
Prader-Willi syndrome consuming different meals.
Isocaloric breakfasts were planned for 5 individuals with
Prader-Willi syndrome aged between 10 and 25. One of
these breakfasts contained 15% protein, while the other
contained 50% protein. Upon examining the energy
expenditure after consuming these two different meals,
no significant difference was found.

Fat

Fat intake, which is one of the essential nutrients for
human life, ensures the intake of fat-soluble vitamins in
the diet and the consumption of essential fatty acids that
contribute to the structure of phospholipids in cell
membranes. Different dietary models with varying levels
of fat content are also being studied for Prader-Willi
syndrome.*®

Teke Kisa et al.*! conducted a study investigating the
impact of a ketogenic diet on weight management in
children with Prader-Willi syndrome. In this study, 10
children followed a ketogenic diet for a minimum of 6
months. The diet was composed of 75%-85% of energy
from fats, 15%-25% from protein, and carbohydrates.
The median BMI SD score before diet intervention was
3.05 [-0.21-3.72], whereas it was 0.41 [-0.87-1.57] at
the final evaluation (p = 0.002). While larger population
studies are needed to determine the effectiveness of the
ketogenic diet on body weight, it should be noted that it
may have different side effects, such as
hypercholesterolemia.

Bariatric surgery

The efficacy of restrictive bariatric procedures, such as
gastric banding or bypass, on hyperphagia and long-term
weight loss in individuals with PWS remains
inconclusive.*>*3 While successful weight loss has been
achieved with the use of biliopancreatic diversion,
complications arising from intestinal absorption issues
have been observed. Bariatric surgical procedures are
generally recommended only in cases where excessive
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weight poses a life-threatening risk. Postoperative
dietary control after bariatric surgery requires
continuous and careful monitoring to ensure long-term
success.

New Approaches to Therapy in Prader-Willi Syndrome
Using belaronide to prevent hyperphagia

The PWS research community is highly interested in a
medical agent that can decrease hyperphagia. Beloranib,
an irreversible inhibitor of methionine aminopeptidase 2
(MetAP2), has garnered considerable attention as a
potential treatment. MetAP2 inhibitors were previously
utilized in cancer treatment due to their capability to
slow endothelial cell growth and reduce angiogenesis. At
lower doses, below those needed to inhibit angiogenesis
and tumor growth, MetAP2 inhibitors have been shown
to reduce food intake, body weight, and adipose tissue
mass. Although the precise mechanism behind weight
loss and reduced appetite are not fully understood,
MetAP2 inhibitors lead to triglyceride lipolysis, fatty acid
oxidation, ketogenesis, and suppression of food intake
via alterations in the extracellular signal-related kinase
stress kinase pathway.*

Using Co-enzyme Q10 (CoQ10) and Carnitine to increase
energy expenditure
PWS is distinguished by infantile hypotonia, sarcopenia,
and reduced resting energy expenditure. Some of these
characteristics are shared with other conditions
characterized by low levels of co-enzyme Q10 (CoQ10),
an essential component of the mitochondrial respiratory
chain and an electron carrier. Studies have indicated
lower CoQ10 levels in both PWS and obese children
compared to healthy non-obese controls. While CoQ10 is
frequently used as a supplementary treatment in PWS
without reported adverse effects, its effectiveness in
enhancing motor development and metabolic function
remains uncertain. Some reports suggest that CoQ10
supplementation may increase daytime alertness.*®
Similar to CoQ10 deficiency, carnitine deficiency is linked
to hypotonia, inadequate growth, and easy fatigability.
Interestingly, unlike CoQ10, carnitine levels are higher in
PWS individuals compared to healthy controls, indicating
impaired carnitine utilization in PWS. Evidence regarding
the beneficial effects of carnitine supplementation
remains inconclusive. A recent study administered
carnitine at a dosage of 25 mg/kg twice daily to twenty
subjects; thirteen reported improved exercise tolerance
and daytime alertness, while seven reported no
benefits.*”

Conclusions

Prader-Willi Syndrome is the most common genetic
disorder underlying obesity, primarily due to impaired
satiety signaling, which leads to hyperphagia. The
increased rates of mortality and morbidity in PWS are
attributed to coexisting diseases accompanying obesity.
Therefore, preventing obesity is crucial for improving
quality of life and preserving health in individuals with
PWS. The most effective method used in the treatment
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of obesity in PWS is nutritional therapy. Creating a
balanced diet plan and ensuring its continuity are
essential for controlling the disease.

Detecting endocrine disorders and applying replacement
therapy for hormone deficiencies are crucial.
Additionally, increasing physical activity significantly
enhances the effectiveness of dietary interventions. A
multidisciplinary  treatment approach should be
implemented for individuals with PWS, with dietary
therapy supervised by a qualified dietitian. Caregivers,
teachers, and family members should be thoroughly
educated about PWS and the treatment strategies being
implemented.
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ABSTRACT

This study examines the current status and potential future areas
of use of artificial intelligence and quantum technologies in
neurosurgery within a conceptual framework. Artificial
intelligence is widely used, especially in the analysis of imaging
data, surgical planning and intraoperative decision support
systems, and is rapidly being integrated into clinical practices.
Quantum imaging technologies, on the other hand, attract
attention with their capacity to provide higher resolution and
lower radiation dose, but are currently limited to experimental
and pilot studies.

The study reveals that artificial intelligence and quantum
technologies have complementary properties in neurosurgery; it
shows that hybrid approaches such as quantum artificial
intelligence can increase clinical success by increasing accuracy,
speed and predictive capacity in diagnosis and treatment
processes. In addition, it is emphasized that elements such as
ethical responsibilities, user education and interdisciplinary
collaboration are of critical importance in the clinical integration
of these technologies. As a result, artificial intelligence and
quantum technologies are seen as important tools that will shape
the future surgical practices in neurosurgery.
Keywords: Neurosurgery, artificial intelligence,
imaging.
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Bu galisma, norosirlrjide yapay zeka ve kuantum teknolojilerinin
mevcut durumunu ve gelecekteki potansiyel kullanim alanlarini
kavramsal bir cercevede incelemektedir. Yapay zeka, ozellikle
gorintileme verilerinin  analizinde, cerrahi planlama ve
intraoperatif  karar destek sistemlerinde yaygin  olarak
kullaniimakta ve klinik uygulamalara hizla entegre olmaktadir.
Kuantum goriintiileme teknolojileri ise, daha yiksek ¢oztnirlik ve
daha disiik radyasyon dozu saglama kapasitesiyle dikkat gekmekle
birlikte, henlz deneysel ve pilot dlzeyde c¢alismalarla
sinirlandinimigtir.

Calisma, yapay zekd ve kuantum teknolojilerinin nérosirirjide
birbirini tamamlayici 6zelliklere sahip oldugunu ortaya koymakta;
kuantum vyapay zeka gibi hibrit yaklagimlarin, tani ve tedavi
streglerinde dogruluk, hiz ve 6ngori kapasitesini artirarak klinik
basariyi yukseltebilecegini géstermektedir. Ayrica, bu teknolojilerin
klinik entegrasyonunda etik sorumluluklar, kullanici egitimi ve
disiplinler arasi is birligi gibi unsurlarin kritik 6nemde oldugu
vurgulanmaktadir. Sonug olarak, yapay zekd ve kuantum
teknolojileri  norosirtrjide gelecegin cerrahi uygulamalarini
sekillendirecek 6nemli araglar olarak gérilmektedir.
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Introduction

Neurosurgery is a medical specialty involving complex
surgical interventions targeting the central nervous
system, characterized by high risk and requiring
precision. One of the most critical determinants of
surgical success is the quality of imaging before and
during the procedure. Conventional imaging techniques,
such as magnetic resonance imaging (MRI), computed
tomography (CT), and positron emission tomography
(PET), have long been widely used in neurosurgery;
however, limitations in resolution and temporal accuracy
in these systems have increased the need for more
advanced technologies.!

In response to this need, quantum imaging techniques,
which have emerged in recent years, hold revolutionary
potential in neurosurgery. Based on principles such as
guantum entanglement, squeezing, and superposition,
these techniques utilize photons to provide higher
contrast and resolution, while also enabling more
accurate and lower-dose imaging of biological tissues.?
Especially when dealing with complex structures like
neural tissue, the impact of quantum imaging systems on
early diagnosis and surgical precision is expected to
become clearer in the near future.?

Moreover, the increasing role of artificial intelligence (Al)
systems  alongside  quantum  technologies in
neurosurgery is noteworthy. Deep learning and machine
learning algorithms enhance clinical decision support
systems in areas such as tumor segmentation, aneurysm
detection, and surgical risk assessment, thereby reducing
error rates.*> The combination of quantum computing
and Al has led to the emergence of a new discipline called
"quantum artificial intelligence" (Quantum Al), which
provides a theoretical framework that may enable faster,
more accurate, and more predictable interventions in
neurosurgical procedures.®

This study aims to systematically review the current
literature on the potential applications of quantum
imaging techniques and artificial intelligence in the field
of neurosurgery. Within this context, both the
fundamental principles of technological advancements
and their clinical applicability will be discussed.
Furthermore, innovative approaches that may arise from
the integration of these two fields in the future will be
highlighted.

The Transformation of
Neurosurgery

Neurosurgery is a specialized field encompassing high-
risk surgical interventions performed on the central
nervous system, one of the most complex and delicate
structures of the human body. In procedures involving
the brain, spinal cord, and peripheral nervous system,
imaging technologies undoubtedly constitute a
fundamental determinant of surgical success. High-
resolution, low-risk, and reliable visualization methods
are required at every stage—from diagnosis to
treatment, from surgical planning to intraoperative
guidance.” In line with this need, the primary imaging

Imaging Technologies in

252

techniques traditionally employed in neurosurgical
applications have been computed tomography (CT),
magnetic resonance imaging (MRI), and positron
emission tomography (PET). These methods have long
served as essential tools for surgeons in evaluating
anatomical structures and guiding operations.®
However, conventional imaging systems may prove
insufficient, particularly for detailed analysis and three-
dimensional modeling of highly complex neural network
structures. While methods such as MRI offer advantages
in soft tissue resolution, they are limited by spatial
resolution, imaging time, susceptibility to motion
artifacts, and contrast accuracy.® Techniques like PET and
CT, on the other hand, carry disadvantages such as
ionizing radiation exposure and low tissue contrast.
These fundamental limitations increase the risk of errors
in surgical planning and intraoperative decision-making
and complicate early-stage diagnosis of neurological
diseases.'o 1

Increasing technological demands in neurosurgical
practice have revealed the need for systems capable of
real-time, low-dose, non-invasive imaging of biological
tissues at micrometer resolution. At this point, innovative
approaches that go beyond conventional methods are
expected not only to improve imaging quality but also to
be integrable into surgery, supported by analytical and
predictive systems.

In this context, the transformation of imaging systems
encompasses not only a hardware-based evolution but
also the integration of imaging data with digital
processing and decision support mechanisms. In
particular, the development of artificial intelligence (Al)
and quantum-based imaging systems stand out as two
primary drivers of this transformation.'? Deep learning
algorithms increase clinical value in image data analysis,
tumor segmentation, anatomical structure classification,
and surgical targeting, while quantum imaging systems
promise higher resolution and accuracy through next-
generation photonic technologies that operate beyond
classical physical principles.?®

Overall, the transformation of imaging technologies in
neurosurgery holds the potential not only for improved
visualization but also for creating a more holistic surgical
ecosystem. This transformation aims to integrate next-
generation systems that complement rather than replace
conventional technologies, offering significant gains in
accuracy, speed, and patient safety in neurosurgical
practice.*

Fundamental Principles and Clinical Potential of
Quantum Imaging Systems

Quantum imaging is a next-generation technology that
transcends classical physical principles by utilizing the
quantum properties of photons. This approach, based
particularly on quantum mechanical phenomena such as
entanglement, squeezing, and superposition, enables
imaging of biological tissues with higher resolution and
lower energy exposure.? While conventional imaging
systems must balance image quality with radiation dose,
guantum imaging enhances contrast without disrupting



Turan and Turan, Quantum Imaging and Artificial Intelligence Technologies in Neurosurgery

this balance and simultaneously reduces the risk of
biological damage.’® One of the most common
applications in quantum imaging involves the use of
correlated photon pairs obtained through quantum
entanglement. In this method, changes experienced by
one photon as it passes through biological tissue are
measured via its entangled partner, allowing for less
invasive and more sensitive imaging.!* Consequently,
high-resolution images can be obtained even at low light
levels, offering significant advantages in complex and
light-sensitive areas such as neural tissues.

When considered specifically in the context of
neurosurgery, the potential of quantum imaging
technologies is particularly striking. Quantum imaging
surpasses the resolution limits of conventional methods
by providing a new paradigm for structural and functional
mapping of brain tissue, tracking signal transmission
pathways between neurons, and identifying
microvascular structures.®> Especially in real-time
intraoperative applications, these systems could provide
surgeons with greater control and precision, playing a
critical role in delineating cancerous tissue margins or
detecting delicate structures such as aneurysms.15
Although the wuse of quantum technologies in
biomedicine is still at an early stage, research in this area
has accelerated. Initiatives such as the European Union’s
Quantum Flagship and US-based quantum bioimaging
programs are accelerating the integration of these
technologies into healthcare applications. Moreover,
quantum  sensors enable the detection of
electromagnetic fields at the nanosecond scale, allowing
for more detailed modeling of brain activity.®

Despite these advances, the clinical integration of
guantum imaging systems still involves various technical
and logistical challenges. The sensitivity of quantum
hardware, costs, and the requirement to operate under
specific conditions pose barriers to the routine use of
these systems in hospital environments. Nevertheless,
despite these challenges, quantum imaging holds
transformative potential for diagnostic and therapeutic
approaches in neurosurgery and many other fields of
biomedicine.’

The Role of Artificial
Neurosurgery

Artificial intelligence (Al) has recently become a major
driver of transformation in medicine and health sciences,
becoming an integral part of decision support processes,
particularly in specialties requiring high precision. In
fields such as neurosurgery, which demand microscopic-
level detail, the algorithmic analysis capacity offered by
Al technologies enhances diagnostic accuracy, optimizes
surgical planning, and minimizes human errors.'® Deep
learning, machine learning, and image processing
techniques are actively used in numerous areas ranging
from image analysis and anatomical segmentation to risk
classification and prognosis prediction.

Al algorithms contribute significantly to the analysis of
neuroimaging data, especially magnetic resonance
imaging (MRI) and computed tomography (CT). Tasks
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that traditionally require long processing times using

conventional methods—such as tumor boundary
detection, identification of vascular anomalies like
aneurysms, or early-stage prediction of

neurodegenerative diseases—can be performed faster
and more accurately with Al-assisted systems. These
systems not only perform data-driven analysis but also
learn from past data to model future probabilities.®
Another advantage of Al in neurosurgical planning is the
integration of multidimensional clinical data to
personalize surgical strategies. In this context, patient-
specific anatomical data, physiological indicators, and
pathological findings are combined to create decision
support systems that strengthen the surgeon’s clinical
decision-making process. For example, in aggressive
tumors such as glioblastoma, Al systems model disease
progression, enabling restructuring of both treatment
plans and operative routes.?°

The use of Al systems during surgery is also increasingly
widespread. Algorithms integrated with intraoperative
imaging systems provide real-time guidance to the
surgeon, facilitating visualization of critical elements such
as nerve pathways, tumor margins, or vascular
structures. Particularly in robot-assisted surgical systems,
Al enhances movement precision and reduces tremors at
a microscopic level.?

All these developments demonstrate that Al in
neurosurgery has become not merely an auxiliary
technology but an active component of the decision-
making process. However, unresolved issues remain
concerning ethics, safety, and regulation. Topics such as
the reliability, explainability, and legal accountability of
Al systems in clinical applications play a decisive role in
the widespread adoption of these Technologies.??

Comparative Analysis of Artificial Intelligence and
Quantum-Based Systems in Neurosurgery

In the field of neurosurgery, both artificial intelligence
(Al) and quantum technologies have emerged as
innovative tools developed to surpass the limitations of
traditional methods. Although these two technological
approaches are based on different principles, their
shared goal is to enhance accuracy, speed, and
personalization in diagnostic, therapeutic, and surgical
processes. However, Al and quantum systems differ
significantly in their areas of application, operational
mechanisms, clinical integration challenges, and
technical infrastructure requirements.?2

Al technologies demonstrate strong performance
particularly in image analysis and the processing of large
datasets. Deep learning algorithms operate with high
accuracy in tasks such as tumor delineation, lesion
classification, and risk assessment in neuroimaging data,
occasionally surpassing human performance.?> Al
algorithms integrated into clinical decision support
systems are currently actively used and subject to specific
regulations. Their greatest advantage lies in their ability
to quickly adapt to existing infrastructures and
continuously improve through learning from extensive
data pools.!®
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In contrast, quantum technologies have the potential to
provide microscopic-level precision in imaging biological
tissues by transcending classical physical limits. Systems
operating with photon-level components, leveraging
features such as quantum entanglement and
superposition, can offer higher resolution imaging at
lower energy levels, particularly providing significant
advantages in delicate structures such as neural tissue.
However, the clinical integration of quantum systems
faces significant limitations regarding hardware
complexity, cost, and physical operating conditions.?
From a clinical perspective, Al technologies currently
hold an advantage over quantum systems in terms of
“applicability.” Regulations, user interfaces, training
programs, and IT infrastructure facilitate the integration
of Al algorithms. Quantum systems remain largely in the
research phase and are implemented only at limited pilot
project levels.?”

Nevertheless, these two approaches are not mutually
exclusive but rather possess complementary potential.
Research in the field of “quantum artificial intelligence”
(QAI) aims to integrate the computational power of
quantum computing with Al algorithms, creating new
synergy in areas such as neurosurgery that require high
resolution and high speed.?®

Current Clinical and
Initiatives

Artificial intelligence (Al) and quantum technologies, in
addition to offering significant theoretical potential, have
recently begun to be tested in various pilot applications
within clinical and semi-clinical settings. These initiatives
in the field of neurosurgery are of great importance for
demonstrating the integration of technologies into
practice and their interaction with real patient data. In
this context, Al-based decision support systems have
entered routine use, while quantum-based technologies
are still primarily in experimental and prototype stages.?’
The most common clinical application of Al-assisted
systems is observed in image analysis-based applications.
For example, advanced imaging platforms developed by
companies such as Brainlab and Surgical Theater operate
integrated with Al algorithms, providing surgeons with
three-dimensional virtual planning and intraoperative
guidance during neurosurgical procedures. These
systems are actively utilized, especially in delicate
interventions such as tumor resection, assisting in tumor
margin delineation, preservation of brain functional
areas, and vascular structure analysis.?®

Another example found in the clinical literature is the use
of deep learning algorithms for preoperative risk
stratification. A model developed at Johns Hopkins
University  predicts postoperative  complication
probabilities in glioma patients, providing personalized
risk management. Such examples demonstrate that Al is
effectively used not only in imaging but also in patient
management and surgical decision-making processes.?’
Regarding quantum technologies, although direct clinical
use remains limited, prototype-level applications have
been implemented in some research centers. For
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instance, a project conducted in collaboration between
Massachusetts General Hospital (MGH) and Harvard
University tested quantum entanglement-based
biological imaging systems for low-dose, high-contrast
imaging of neural tissues.?! Similarly, quantum signal
processing algorithms developed under the IBM Q
project have been reported to offer more efficient results
compared to classical algorithms in compressing and
analyzing neuroimaging data.°

Moreover, experimental studies under the European
Union—supported Human Brain Project aim to develop
hybrid platforms combining quantum computing and Al
for advanced applications such as neurological structure
modeling, brain simulations, and virtual neurosurgical
planning. Although these projects have not yet entered
clinical practice, they provide preliminary evidence
suggesting that quantum-assisted systems could be used
across multiple domains, from preoperative simulations
to intraoperative guidance.?!

In summary, Al systems currently stand out as more
mature, regulation-compliant, and field-integrated
technologies, whereas quantum technologies remain in
developmental stages with high future potential as
experimental tools. However, the combined use of these
two technologies, especially in hybrid systems, holds an
exceptionally high capacity to transform neurosurgical
applications.

Integration of Quantum Artificial Intelligence: Future
Perspectives

The integration of quantum computing and artificial
intelligence technologies has recently emerged as an
interdisciplinary field extensively discussed in the
literature under the term “Quantum Artificial
Intelligence” (QAI). This new paradigm offers alternatives
to problems that classical computers cannot solve,
particularly in biomedical domains requiring the
processing of high-dimensional and complex datasets.® In
a field like neurosurgery, which demands simultaneous
evaluation of numerous variables and real-time decision-
making, the speed and predictive potential provided by
quantum Al present promising opportunities.

Quantum algorithms can reveal deeper relationships
with fewer data compared to classical machine learning
methods and can significantly reduce processing time in
tasks such as pattern recognition, classification, and
optimization.3? This advantage is particularly relevant for
analyzing high-resolution images encountered in
neurosurgery, providing real-time surgical guidance and
enabling personalized treatment planning. For instance,
quantum neural network architectures theoretically
possess the potential to perform prediction and
classification tasks in seconds that might take hours on
classical systems.?®

Quantum Al integration contributes not only to
processing speed but also to explainability. The “black
box” nature of most classical deep learning models raises
safety and ethical concerns in healthcare. In contrast,
quantum-supported models are expected to generate
more interpretable mathematical solutions in nonlinear
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multivariate systems, potentially rendering decision-
making processes more transparent.33

From a clinical integration standpoint, quantum Al
systems remain largely experimental, though some pilot
applications have shown promising results. Quantum
simulation platforms developed within projects such as
IBM Q and Google Quantum Al are employed for
modeling biological systems and testing clinical decision
support systems. Nevertheless, their integration into
high-risk clinical fields like neurosurgery is still limited
due to hardware complexity, data security concerns,
algorithm stability, and regulatory gaps.?*

Nonetheless, the fusion of Al and quantum computing
could pave the way for revolutionary transformations in
neurosurgery in the future. Highly accurate predictive
models may enable safer planning of minimally invasive
surgeries and potentially facilitate fully automated
surgical scenarios integrated with robotic systems. The
success of these developments depends on effective
multidisciplinary  collaborations, ethical oversight
mechanisms, and the advancement of open data—based
system architectures.

Conclusion

Neurosurgery, as a medical discipline where high
precision and rapid decision-making processes intersect,
is among the fields most sensitive to technological
advancements. In this context, recent progress
particularly in artificial intelligence and quantum
technologies has introduced a new dimension to imaging,
diagnosis, and treatment applications in neurosurgery.
Artificial intelligence has already begun to provide
tangible contributions in image processing, decision
support systems, and preoperative planning; especially
through deep learning algorithms, enabling automatic
recognition of anatomical structures and more precise
evaluation of surgical risks. These developments enhance
patient safety and improve surgical success rates in
neurosurgery.

Although still in the experimental phase, quantum
imaging emerges as an innovative approach with the
potential to overcome the resolution and contrast
limitations of conventional imaging technologies.
Operating on fundamental principles such as quantum
entanglement and superposition, these systems offer
higher accuracy imaging with lower energy, potentially
creating revolutionary impacts especially in delicate
areas such as neural tissue. However, the clinical

integration of quantum technologies involves
multilayered challenges including cost, hardware
complexity, infrastructure compatibility, and regulatory
gaps.

As demonstrated in this study, artificial intelligence and
quantum technologies should not be considered
independent but rather complementary systems.
Particularly, new-generation integrated structures
known as quantum artificial intelligence enable faster
and more meaningful analysis of multidimensional data,
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offering a potential new paradigm in both diagnostic and
surgical processes in neurosurgery.

In conclusion, the integration of artificial intelligence and
quantum-based technologies contributes to building a
more predictable, personalized, and safer clinical future
that goes beyond current neurosurgical applications. To
facilitate the widespread adoption of these technologies,
multidisciplinary research collaborations should be
encouraged, ethical and legal frameworks clarified, and
further studies conducted to establish clinical validity.
The integration of scientific advancements into
healthcare is not only a technological progression but
also a direct investment in the quality of human life.
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ABSTRACT
Objective: The aim of this study is to evaluate the effects of
OH vitamin D on pregnancy outcomes in infertile pati
undergoing a frozen embryo transfer.

Methods: In this prospective, single-blind study
Kocaeli University Medical Faculty Hospital, Ce

the level of
the level of

ET cycle, clinical
pregnancy, ongoing implantation,
pregnancy loss, and
Results: Cases in ¢

characteristics, and the

ad similar demographic
AMH levels, one of the cycle follow-
up parameters, were statiS@eally significantly higher in group 1
compared to group 2 (p=0.0¥4). Pregnancy (41.6% vs. 31.8%),
clinical pregnancy (35.4% vs. 25%), ongoing pregnancy (25% vs.
18.2%), live birth (20.8% vs. 18.2%), pregnancy loss (18.8% vs.
13.6%) and twin pregnancy (4.2% vs. 9.1%) were similar between
the groups (p=0.328, p=0.278, p=0.428, p=0.749, p=0.507,
p=0.421, respectively).

Conclusion: There was no correlation between pregnancy
outcomes from frozen embryo transfer and baseline serum 25-OH
vitamin D levels obtained at the start of treatment. There is no
indirect evidence showing that vitamin D level exerts its effects on
fertility through endometrial receptivity and the implantation
process.

Keywords: 25-OH Vitamin D, Frozen embryo transfer, pregnancy
outcome

s embriyo transferi yapilan infertil hastalarda 25-OH
in D'nin gebelik sonuglarina etkisini degerlendirmek.
: Kocaeli Universitesi Tip Fakiiltesi Hastanesi, Uremeye
Yardimci Teknikler Merkezinde prospektif -tek kor olarak
yiuritilen bu calismada donmus embriyo transferi (DET) yapilmasi
planlanan 276 infertil olgunun serum 25-OH vitamin D dlzeyleri
tedavi baslangicinda elde edildi. 25-OH-D vitamini seviyelerinin
yetmezlik seviyesinde dusik oldugu olgular (<20 ng/ml, grup A,
n=48) ve yetmezlik seviyesinin tstiinde oldugu (=20 ng/ml, grup B,
n=44) olgular DET siklusu sonucundaki gebelik, klinik gebelik,
devam eden gebelik, canli dogum, implantasyon, gebelik kaybi ve
¢ogul gebelik oranlari karsilastirildi.
Bulgular: Grup 1 ve grup 2 olgularin demografik ozellikleri
benzerdi ve siklus takip parametrelerinden serum AMH dizeyleri
grup 1 de grup 2 ‘ye gore istatiksel olarak anlamli yuksek
izlenmistir (p=0,014). Gruplar arasinda gebelik (% 41,6 vs %31,8),
klinik gebelik (%35,4 vs %25), devam eden gebelik (%25 vs %18,2),
canl dogum (%20,8 vs %18,2), gebelik kaybi (%18,8 vs %13,6) ve
ikiz gebelik (% 4,2 vs % 9,1) benzerdi (sirasiyla; p= 0,328 p= 0.278,
p=0,428, p= 0,749, p= 0,507, p=0,421).
Sonug: Donmus embriyo transferinden elde edilen gebelik
sonuglariile tedavi baslangicinda elde edilen serum 25-OH vitamin
D seviyeleri arasinda iliski tespit edilmemistir. Vitamin D
seviyesinin fertilite Gzerindeki etkilerini endometriyal reseptivite
ve implantasyon sireci Uzerinden gosterdigine dair dolayli kanit
elde edilmemistir.
Anahtar Kelimeler: 25-OH Vitamin D, Donmus Embriyo Transferi,
Gebelik Sonucu.
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Introduction

The current data of the World Health Organization show
that 10-15% of married couples are affected by infertility.
Assisted reproductive techniques are the only way to
achieve pregnancy for most infertile couples.

In-vitro fertilization (IVF) is the ideal treatment method
for couples who are unable to conceive naturally or by in-
utero insemination, or for infertile patients who are not
suitable for these methods. Pregnancy success in freeze-
thaw cycles is still low in cases when embryos cannot be
transferred in a fresh state, and novel strategies are being
tested to improve success. One of these evaluations is
whether the serum 25-OH-D vitamin levels of a female
patient have an effect on pregnancy outcome in frozen
embryo transfer (FET) cases.!

Vitamin D, produced mainly in the skin in the body, is a
steroid hormone that is fat-soluble. Ergocalciferol, which
is contained in plants, and cholecalciferol, which is
prevalent in animal foods, are the main sources of
exogenous vitamin D intake.? The effects of vitamin D on
many systems in the body have been shown in numerous
studies.>* Studies both with humans and animals are
conducted to clarify the potential role of vitamin D in
female fertility.®

The purpose of this study is to compare the success of
pregnancy outcomes between the cases where the
baseline serum 25-OH-vitamin D level obtained fro
female patients at the beginning of the frozen embryo

and implantation success.

Methods

were scheduled to undg

Assisted Reproductl All participants were

included in the study a obtaining informed consent.
Patients aged between 24 years who were scheduled
to undergo FET and had at least one good quality frozen
embryo with the diagnosis of single or combined
unexplained infertility, male factor infertility,
anovulation, low ovarian reserve, bilateral tubal factor
and endometriosis were included in the study. Cases who
did not want to participate in the study, who had
endometrial polyps, submucous myomas, uncorrected
uterine anomalies, hydrosalpinx, or uncontrolled
systemic diseases, were excluded from the study.
Following the confirmation of ovulation in the luteal
phase of the previous cycle, a suppressed FET cycle was
performed in all cases by starting leuprolide acetate
(Lucrin 5mg/ml/2.8ml vial, 14 Syringe Kit SC /Abbot) with
a daily dose of subcutaneous 10 IU for pituitary
suppression. On the third day of the menstrual cycle, the
patients were then called for an ultrasound and blood
tests. The patients were called for the measurement of

serum 25-OH vitamin D levels, TSH, AMH, estradiol, and
progesterone by drawing 3-5 cc blood daily on the third
day of the menstrual cycle. The study continued using the
blinded method by preventing the researcher and patient
from knowing the 25-OH vitamin D levels. Cases whose
TSH levels were not in the 0.5-4.5 mlU/L range were
excluded from the study. Patients with an estradiol level
of > 50 and a progesterone level of > 1 ng/mL continued
to take Lucrin at a dose of 10 IU/day until complete
suppression was achieved. Estrogen therapy was not
started in these cases until it was determined by drawing
blood every three days that suppression had been
achieved. Estrogen treatment was not initiated in cases
who had endometrial thickness of >5 mm or had a follicle
cyst larger than >14mm in the adnexal area in the
ultrasound examinatiog ich  was performed
concurrently. Estroge s started in these cases
when the endometyi s <5 mm and no cyst
the ultrasonographic

al area) in the blood tests and
inations performed, 6 mg oestradiol
tablet 2 mg 28 tablets /Novo Nordisk)
d orally divided into three equal doses daily
rolid acetate was continued with a daily dose
The patients were called for the first
sonographic evaluation at the earliest on the 10"
day of the menstrual cycle and on day 7 of the estrogen
therapy. In this evaluation, while the estrogen therapy
was continued with the same dose in cases with an
endometrial thickness of > 8 mm and a blood
progesterone level of <1 ng/mL, leuprolide acetate
therapy was discontinued, and twice-a-day vaginal
progesterone therapy was initiated (Crinone 90 mg gel
8% /Merck). Cases with an endometrial thickness of less
than 8 mm were examined every other day to monitor
for an increase in the endometrial thickness. Estrogen
therapy was administered at a dose of 8 mg/day to the
cases whose endometrial thickness did not increase
sufficiently in 2 consecutive follow-ups. If available, two
thawed embryos were transferred, and if not, one
thawed embryo was transferred on the 4th day of vaginal
progesterone in cases with a third-day embryo, on the
6th day of vaginal progesterone in cases with a 5th-day
embryo, and on the 7th day of vaginal progesterone in
cases with a 6th-day embryo.
The embryo transfer was performed under the
supervision of transabdominal ultrasonography with a
full bladder. After the visualization of the cervix with a
speculum, the cervix was purified from drug residues
with saline and cleared of mucus by aspiration with a
mucus-attracting catheter. First, a mock transfer was
performed to determine the cervical canal and the
uterine position. Then, with a full echo soft catheter
(Prodimed) the cervix was passed by using a stylet only in
patients that necessitated it, and the embryo transfer
was completed by applying the lowest pressure possible
on the Hamilton syringe without approaching the middle
39
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portion of the uterine cavity by more than 15 mm and The comparison of the rates of pregnancy, clinical
without a fundal contact. No teneculum was used or no pregnancy, ongoing pregnancy, live birth, abortion, and
cervical dilatation was performed in any patient. The twin pregnancy between cases with 25-OH vitamin D
position of the air balloon was clearly observed in all levels of <20 ng/mL and cases with 25-OH vitamin D levels
cases. The embryo transfer catheter was slowly removed, of 220 ng/mL is presented in Table 3. There was no
and no bed rest was recommended for the patients after significant difference in pregnancy achievement and
the transfer. Daily doses of 6 mg oral estrogen and 180 pregnancy outcomes between the two groups (p>0.05).

mg vaginal progesterone were continued after the The retrospective analysis of the means of 25-OH vitamin
embryo transfer. No vitamin treatments were D levels of cases who got pregnant, achieved clinical
recommended. On the 12th day after the embryo pregnancy, had an ongoing pregnancy, and gave live birth
transfer, blood hCG levels were measured to confirm revealed no significant differences in the means of
pregnancy. vitamin D levels between the groups, and the results are
The main outcomes that were aimed to achieve in this presented in Table 4.

study were the pregnancy rate revealed by hCG In the study, we did not find any relationship between the
positivity, the clinical pregnancy rate obtained by levels of serum vitamin D and achieving pregnancy in the
ultrasonographic confirmation of the embryonic FET cycle.

heartbeat, and the ongoing pregnancy rate confirmed by

exceeding the 10th week of pregnancy. Additionally, the Discussion

secondary aim of the study was to obtain the rates of
multiple pregnancy and rates of abortion. After achieving on th¥deal vitamin D levels for
the primary aims of the study, the study was unblinded, female r and fertility at the moment.
and the pregnancy success as a result of the FET cycle was Altho effect of vitamin D on the
compared between the cases with blood 25-OH-D assist®d reproductive therapy (clinical
vitamin levels above the deficiency level (220 ng/ml) and e birth) has been evaluated in a limited
the cases at the insufficiency level (20 ng/ml). studies, the data are inconsistent.5

The data analysis was performed with SPSS for Windows amining the relationship between serum
20.0 package program. A Kolmogorov-Smirnov test was levels and the effectiveness of IVF cycles
completed to check if the continuous variables wer ®d that the clinical pregnancy rate is associated
normally distributed. Descriptive statistics were vitamin D deficiency. According to a study

presented as mean * standard deviation or measuring the 25-OH vitamin D levels in follicular fluid
(minimum-maximum) for continuous variag instead of serum, high vitamin D levels are associated
with significantly higher clinical pregnancy and
implantation rates, and follicular fluid vitamin D levels
are an independent predictor of IVF cycle success.!!
Similarly, research done over various IVF cycles has
suggested a relationship between vitamin D levels and
pregnancy outcome.?13

In contrast to these studies, which discovered a
significant correlation between vitamin D levels and the
success of IVF cycles using fresh embryos, Anifandis et al.
reported a negative correlation between follicular fluid
25-OH vitamin D level, embryo quality, and clinical

Results pregnancy rate.'

We aimed to evaluate the data obtained from FET cycles
A comparison of the demographics of study groups are of patients with good and very good quality embryos
presented in Table 1. Both groups showed similar frozen in the previous cycle to rule out ovarian factors
demographics and infertility diagnoses (Table 1). and reveal whether vitamin D has an effect on
While the comparison of the characteristics of the FET endometrial receptivity and the implantation process. As
cycle between the groups is presented in Table 2, the good quality embryos are already frozen, standardizing
comparison of the rates of pregnancy, clinical pregnancy, FET is easier. As a result, many concomitant variables
ongoing pregnancy, live birth, abortion, and twin associated with the patient and her partner in new cycles
pregnancies is presented in Table 3. are eliminated, and the true effect on receptivity can be
The serum AMH value of the group with a serum 25-(OH) assessed. In this prospectively designed, single-blind
Vitamin D level higher than 20 was statistically study, no statistically significant relationship was found
significantly lower than the group with a low serum 25- between the serum 25-OH vitamin D levels measured at
OH vitamin D level. No significant difference was found the start of the FET cycle and pregnancy success. In this
between the groups in terms of both the characteristics study, we evaluated case groups with vitamin D levels
of the FET cycle and the rates of pregnancy, clinical both below and above 20 ng/mL. Furthermore, unlike
pregnancy, ongoing pregnancy, live birth, pregnancy loss, many other studies, all samples were examined

and twin pregnancy.
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Table 1. Comparison of important characteristics of groups.

Group 1 Group 2
Vitamin D level <20 ng / mL. Vitamin D level 2 20ng / mL p value
(n=48) (n=44)

Age (year)* 30.48 £4.36 32.00£4.30 0.144
Partner age (year)* 34.27 +4.16 35.10+6.47 0.939
Marriage duration (year)* 7.62 +4.55 (n=24) 5.95 + 4.39 (n=20) 0.210
Gravida (n)* 0.52+1.24 0.55+0.82 0.307
Parity (n)* 0.10+0.31 0.14 +0.38 0.636
Abortion (n)* 0.35+1.06 0.41+0.76 0.243
BMI (kg/size?) * 25.94 + 4,94 (n=24) 24,99 + 3,99 (n=33) 0.518
Smoking (n, %) 3(6.3%) 5(11.4%) 0.473 *
Chronic medical disease (n, %) 4 (8.3%) 0.095
Previous uterine surgery (n, %) 9 (18.75%) 0.468
Number of previous fresh IVF 1.08+1.13 0.443
Number of previous FET 0.75+0.81 0.728
Genetic (n, %) 1(2.1%) 0.522 *
Advanced age (n, %) 0 (0%) 0.226 *
Endometriosis (n, %) 1(2.1%) 0.467 *
Bilateral Tubal factor (n, %) 2 (4.2%) 0.298 *
Low ovarian reserve (n, %) 4 (8.3%) 7 (15.9%) 0.263
Azosperm (n, %) 5(10.4%) 2 (4.5%) 0.255 *
Anovulation (n, %) 6(13.6%) 0.252
Unexplained infertility (n, %) 5(11.4%) 0.444 *

Values are given as mean = standard deviation. *p
index, ICSI: Intracytoplasmic sperm injection, FET¢

Table 2. Comparison of FET cycle characterj

AMH Level (Ng/Ml) *

TSH Level (Miu/L) *

AFC*

Estrogen Used Time (Day
Endometrial Thickness (mm)*
Progesterone Level at the end of
Proliferation Phase (ng/ml) *
Number Of Embryos Transferred (n)*
Day 3 Embryos (n, %)

Day 5 Embryos (n, %)

Day 6 Embryos (n, %)

s betwe roups
Group 1 Group 2
in D Level <20 Ng / Ml Vitamin D Level 220 Ng / Ml P Value
(n=48) (n=44)
9.73 £7.79 (n=26) 4.67 +4.21 (n=23) 0.014
1.96 + 1.24 (n=41) 1.84 + 0.77 (n=38) 0.702
23.46 + 16.09 (n=12) 14.38 £9.36 (n=16) 0.113
9.79+2.93 9.98+2.42 0.379
9.94 + 1.86 (n=47) 10.06 + 1.69 (n=43) 0.487
0.53 0.3 (n=20) 0.43 £0.27 (n=24) 0.094
18 (37.5%) 13 (29.5%) 0.420
21 (43.8%) 22 (50.0%) 0.548
9 (18.8%) 9 (20.5%) 0.837

*Values are given as mean * standard deviation. ** Abbreviations; AMH: Anti-mullerian Hormone, AFC: Antral Follicle Count, TSH: Thyroid

Stimulant Hormone
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Table 3. Comparison of pregnancy, clinical pregnancy, ongoing pregnancy, live birth, abortion, and twin pregnancy rates between groups

Group 1 Group 2
Vitamin D level <20 ng/ml Vitamin D level 220 ng / ml p value
(n=48) (n=44)
Pregnancy Rate 20 (41.6%) 14 (31.8%) 0.328
Clinical Pregnancy Rate 17 (35.4%) 11 (25.0%) 0.278
Ongoing Pregnancy Rate 12 (25.0%) 8 (18.2%) 0.428
Live Birth Rate 10 (20.8%) 8 (18.2%) 0.749
Abortion Rate 9 (18.8%) 6 (13.6%) 0.507
Twin Pregnancy Rate 2 (4.2%) 4(9.1%) 0.421 %

*p value was calculated by Fischer Chi-Square Test.
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