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Anti-inflammatory effects of Iturin A on the 6-OHDA-induced SH-SY5Y cell
model of Parkinson’s Disease

Iturin A’nin 6-OHDA ile indiiklenmis SH-SY5Y parkinson hastaligi hiicre modeli
tizerindeki anti-inflamatuar etkileri

Pinar Altin Celik Muazzez Derya Andeden Hamiyet Donmez Altuntas

Department of Medical Biology, Medical Faculty, Erciyes University, Kayseri, Turkiye

ABSTRACT

Aim: Biosurfactants produced by bacteria are particularly important due to their antibacterial, antifungal,
and antiviral properties, which offer therapeutic and biomedical potential. Nevertheless, no research has
examined the impact of Bacillus-derived biosurfactant Iturin A on Parkinson's disease. This study
examined the neuroprotection through cytokine modulation of Iturin A to formulate a novel therapeutic
approach for Parkinson's disease.

Materials and Methods: The effect of Iturin A on cell viability in SH-SY5Y cells was evaluated by the
[3-(4,5-Dimethyl thiazole-2) 2,5-diphenyltetrazolium bromide] method. As a result of this experiment, the
non-toxic dose was determined by cell viability (%). To evaluate the neuroprotective effect of Iturin A,
SH-SY5Y cells were treated with a non-toxic dose of Iturin A and then induced with 6-OHDA. After these
treatments, cytokines (interleukin 6, transforming growth factor beta) and chemokine (interleukin 8) in
SH-SY5Y cells were evaluated by ELISA kit. GraphPad Prism 9 was used to analyze all data.

Results: Using one-way ANOVA and Dunn's post hoc test, normally distributed data was tested for
multiple comparisons. Treatment with Iturin A for 48 hours showed a neuroprotective effect on 6-hydroxy
dopamine-induced SH-SY5Y cells by statistically significantly decreasing the expression levels of
interleukin 6 (P<0.001), transforming growth factor beta (P<0.001), and interleukin 8 (P<0.0001).

Conclusion: Iturin A might offer new approaches to treating Parkinson's patients, and additional in vivo
studies are necessary to confirm the in vitro results.

Keywords: Parkinson's Disease, Biosurfactants, Neuroinflammation, Cytokines

0z

Amag: Bakteriler tarafindan dretilen biyosiirfaktaniar, terapétik ve biyomedikal potansiyel sunan
antibakteriyel, antifungal ve antiviral ézellikleri nedeniyle &zellikle énemlidir. Bununla birlikte, hicbir
arastirma Bacillus tiirevi biyosiirfaktan iturin A'nin Parkinson hastaligi (izerindeki etkisini incelememistir.

Bu ¢alisma, Parkinson hastaligi igin yeni bir terapétik yaklagim formiile etmek amaciyla iturin A'nin
sitokin aracili néroprotektif etkisini incelemistir.

Gereg ve Yéntem: iturin A'nin SH-SY5Y hicrelerindeki hiicre canliligi (izerindeki etkisi MTT [3-(4,5-
Dimetil tiyazol-2) 2,5-difeniltetrazolium bromiir] ydntemi ile degerlendiriimistir. MTT deneyinin
sonucunda, toksik olmayan doz hiicre canliligi (%) ile belirlendi. iturin A'nin néroprotektif etkisini
degerlendirmek igin, SH-SY5Y hiicreleri toksik olmayan bir doz iturin A ile muamele edildi ve ardindan
6-OHDA ile indiiklendi. Bu muamelelerden sonra, SH-SYS5Y hiicrelerindeki sitokinler (IL-6, TGF-B) ve
kemokin (IL-8) ELISA kiti ile degerlendirildi. Tiim verileri analiz etmek igcin GraphPad Prism 9 kullanildi.

Corresponding author: Pinar Altin Celik

Department of Medical Biology, Medical Faculty, Erciyes University, Kayseri, Tiirkiye

E-mail: pnar.altnclk@gmail.com
Application date: 08.11.2024 Accepted: 10.01.2025
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Bulgular: fturin A ile 48 saatlik tedavi, sitokinlerin (IL-6, TGF-B) ve kemokin (IL-8) ifade seviyelerini
degistirerek 6-OHDA ile indliklenen SH-SY5Y hlicrelerinde néroprotektif bir etki gbsterdi (p<0,05 -

p<0,0001).

Sonug: iturin A, Parkinson hastalarinin tedavisinde yeni yaklagimlar sunabilir ve in vitro sonuglari

dogrulamak igin ek in vivo ¢alismalara ihtiyag vardir.

Anahtar Sézciikler: Sitokinler, inflamasyon, iturin A, Néroprotektif, SH-SY5Y

INTRODUCTION

Parkinson's disease (PD), characterized by motor
and non-motor features, is a progressive
neurological disease (1). Neuroinflammation
mediated by microglia is a common feature in PD
(2). Although the exact etiology of PD remains
unknown, the loss of dopaminergic neurons in the
substantia nigra (SN) is thought to be the
underlying pathophysiology behind the gross
motor symptoms of the disease. Recent studies
have shown that PD is associated with a strong
inflammatory response characterized by activation
of microglia in the brain due to increased cytokines
(3). PD leads to a significant increase in cytokines
such as tumor necrosis factor (TNF)-a, interleukin
(IL)-1B, IL-2, IL-4, IL-6, transforming growth factor
(TFG)-a, TGF-B1 and TGF-B2 (4). Although the
factors underlying the neurodegenerative
cascade, such as aging, environmental and
genetic factors, are known the intricate processes
responsible for the progression of
neurodegeneration are still not fully understood
(5). TGF-B, IL-6, and IL-8 are among the cytokines
that may be used as PD biomarkers. These
cytokines contribute significantly to
neuroinflammatory characteristics. Their profiles
could be useful for neurodegenerative disease
prognosis, early detection, and treatment result
documentation (6-10).

Excessive production of reactive oxygen species
(ROS) and inadequate antioxidant defenses lead
to mitochondrial damage and dysfunction, and
ultimately to the pathogenesis of PD (11). Due to
the high mortality and morbidity associated with
this disease, the development of diagnostics and
drugs to modify the disease is an urgent medical
need for PD (12). Therefore, it is important to
understand the pathophysiological mechanisms
underlying PD (13). Biosurfactants are surface-
active compounds produced by some biological
agents such as yeast and bacteria (14). Scientific
studies show that they are safer than chemical
surfactants, making them a preferred alternative in
terms of the environment (14). The anti-
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inflammatory, antioxidant and antibacterial
potential of biosurfactants has been demonstrated
in numerous studies (15-17). Iturin A is a type of
lipopeptide produced by Bacillus spp. (18). It has
multiple activities inhibiting fungi, bacteria and
viruses (19). lturin A biosurfactant with a fatty acid
chain and a cyclic peptide isolated from the
fermentation of Bacillus subtilis exhibits a variety
of biological activities and is of interest due to its
anti-cancer properties (20,21). Iturin A also
exhibits strong anti-inflammatory property on cells
(22). Although the mechanisms that affect these
anti-inflammatory processes are not fully
elucidated, it is known to affect specific
inflammatory pathways such as Nuclear Factor
kappa B NF-kB (23). This study examined the
neurotherapeutic effect of Iturin A biosurfactant via
some inflammatory cytokines in the 6-hydroxy
dopamine (6-OHDA)-induced in vitro PD model.

MATERIALS and METHODS
Cell Culture

Dulbecco's Modified Eagle's Medium/Ham's
Nutrient Mixture F12 (DMEM/F12) (Gibco, Thermo
Fisher Scientific, UK), supplemented with 10%
fetal bovine serum (FBS) (Biological Industries,
Kibbutz Beit-Haemek, Israel) and 2% penicillin-
streptomycin  (Capricorn  Scientific  GmbH,
Ebsdorfergrund, Germany) were used to culture
human neuroblastoma cell lines SH-SY5Y (CRL-
2266) purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). The
culture grew at 37 °C with 5% CO:..

Cell Proliferation and Cytotoxicity Assays

After the cultures of SH-SY5Y cells were 80-90%
confluent, the cells were detached with 0.05%
trypsin-EDTA  (Capricorn  Scientific ~ GmbH,
Ebsdorfergrund, Germany) for two minutes and
then centrifuged for five minutes at 1200 rpm.
Trypan blue staining was used to determine the
total number of cells using an automatic cell
counter (Luna Il, Logos Biosystems, Gyeonggi-do,
South Korea). To perform the 3-(4,5-dimethyl-2-
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thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) assay (Sigma, Missouri, ABD), 96-well
plates were seeded with 5x10%/well SH-SY5Y
cells, which were then incubated for 24 hours.
Subsequently, Iturin A (No: 11774, Sigma-Aldrich,
Saint Louis, USA) was added to the SH-SY5Y cells
at six different concentrations (30, 40, 50, 60, 70,
and 80 pM) for a 48-hour treatment. As a positive
control, SH-SY5Y cells were treated with L-DOPA
at doses ranging from 0.05 to 1.3 yM for 48 hours.
After a 48-hour incubation period, 10 pl of MTT
solution (5 mg/mlin DPBS) was added to each well
and the cells were incubated for a further three
hours. After discarding the medium, 100 uyL of
DMSO was given into each well. A microplate
reader (TECAN-sunrise, Mannedorf, Switzerland)
was used to determine the viability of the cells at
570 nm. Each experiment was done three times.
Using a range of Iturin A concentrations, the 50%
inhibitory concentration (ICso) value (48.709 pM)
was calculated using GraphPad Prism version 9
software. Non-linear regressions of log (inhibitor)
versus response with four parameters were
selected for ICso estimation. Only 0% and 100%
could be the low- and high-end values,
respectively.

Establishment of an in vitro Parkinson's

Disease Model

Neurotoxicity was induced by 6-OHDA (Sigma,
H4381), which can disrupt cellular signaling
pathways related to mitochondrial damage and
oxidative stress, in SH-SY5Y cells. The 6-OHDA
stock concentration was freshly prepared and was
10 mM in 1 mL of solvent (0.01% (w/v) L-ascorbic
acid (Sigma, A4403). Then, this stock was diluted
in the medium to 200 uM, 300 uM, 400 uM and 500
MM concentrations (2X) to be used on the cells,
and the appropriate concentration was determined
in SH-SY5Y cells by MTT method. After the SH-
SY5Y cells adhered to the 6-well plates, they were
incubated for 48 hours to evaluate the protective
effect of Iturin A. Subsequently, the cells were
incubated with 6-OHDA at 250 uM concentration
for 24 hours to induce neurodegeneration after 48
hours. The group treated with Iturin A was
compared to the 6-OHDA group and negative
control by not treating them.

ELISA Assay

For the ELISA assay, SH-SY5Y cells (1x108/mL)
were seeded in 6-well plates and incubated for 24
hours. lturin A was added at a concentration of 30
MM, and the cells were incubated with 6-OHDA for
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24 hours to induce neurodegeneration after 48
hours. At the end of the incubation, the
supernatant of the cells was collected. Direct
competitive chemiluminescence ELISA  kits
(Bioassay Technology Laboratory, Shanghai,
China) were used to measure the levels of IL-6, IL-
8, and TGF-B in the supernatant (extracellular)
according to the manufacturer's instructions. The
cell culture supernatant was collected in sterile
Eppendorf tubes after centrifugation at 2000-3000
rpm for about 20 minutes to determine cytokines
released extracellularly. 50 pL of each diluted cell
pellet (1:40 in 1xPBS, pH 7.2-7.4) was lysed by
multiple freeze-thaw cycles to remove internal
components to determine the intracellular
cytokines and chemokines. After centrifugation at
2000 rpm for 20 minutes, the supernatants were
collected in sterile Eppendorf tubes. A microplate
reader (TECAN-sunrise, Mannedorf, Switzerland)
was used to determine the absorbance of the
samples at 450 nm.

Statistical Analysis

GraphPad Prism 9 (GraphPad Software Inc., San
Diego, CA, USA) was used to analyze all of the
data. In paired comparisons, the Mann-Whitney U
test was used to evaluate non-normal data while
the student's t-test was used to analyze regularly
distributed data. Using one-way ANOVA and
Dunn's post hoc test, normally distributed data was
tested for multiple comparisons. Tukey's post hoc
adjustment was applied to the Kruskal Wallis test
when analyzing non-normally distributed data. p<
0.05 value was considered statistically significant
(*p < 0.05, *p < 0.01, **p < 0.001, ****p < 0.001).

RESULTS

Evaluation of the Cytotoxicity of Iturin A in the
SH-SY5Y Cells

First, SH-SY5Y cells were treated with Iturin A at
different concentrations (30, 40, 50, 60, 70, and 80
uM) for 48 hours. Cell viability decreased with
increasing concentrations (Figure-1). The cell
viability of SH-SY5Y cells remained almost
unchanged when treated with Iturin A up to a
concentration of 30 uM, indicating the non-toxicity
of Iturin A. Cell viability was 85.2% at a
concentration of 30 upM. The subsequent
experiments employed Iturin A at a concentration
of 30 yM because it showed cytotoxic effects at
higher concentrations than 30 pM and the ICso
value was determined as 48.709 uM by calculating
the effect of increasing concentrations of Iturin A
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on cell viability (%). For subsequent experiments,
the non-toxic dose of lturin A, 30 uM, was used.
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Figure-1. Iturin A decreases the viability of SH-SY5Y
cells due to increasing concentration. SH-SY5Y cells
were treated with six different Iturin A concentrations for
48 hours. The ICso value was calculated as 48.709 pM-
The significant difference compared to the control
group, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

The Effect of Ilturin A on 6-OHDA-Induced
Cytotoxicity in SH-SY5Y Cells

SH-SY5Y human neuroblastoma cells are
commonly used for 6-OHDA-induced in vitro PD
model (24). In agreement with previous studies, 6-
OHDA showed a cytotoxic effect on the cells. After
an application of a 250 uM concentration, cell
viability was expressed as a percentage and an
ICs0 was calculated. Iturin A at a concentration of
30 pM dramatically improved cell viability
(104.27%) similar to that in the L-DOPA group
(125.08%), compared to the 6-OHDA-induced
neurotoxicity group (Figure 2). Since the lowest

Figure 3.A). IL-8 level significantly increased in 6-
OHDA-induced SH-SY5Y cells compared to the
control group (P<0.01) and significantly decreased
in Iturin A-treated cells compared to 6-OHDA-
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concentration of Iturin A provided the greatest
benefit, a concentration of 30 uM lturin A was used
for further experiments.
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Figure-2. lturin A reduces cytotoxicity in 6-OHDA-
induced SH-SY5Y cells. Significant difference compared
to control and 6-OHDA-induced neurotoxicity groups,
*p<0.05, ***p<0.001.

lturin A Reduces the Inflammatory Response
Induced by 6-OHDA in SH-SY5Y Cells

TGF-B, IL-6, and IL-8 levels increased in the 6-
OHDA-induced SH-SY5Y cells compared to
the control group (Figure-3). The therapy with
Iturin A in 6-OHDA-induced SH-SY5Y cells
dramatically decreased the production of TGF-(3,
IL-6, and IL-8 compared to the 6-OHDA-induced
neurotoxicity group (Figure-3).

While the IL-6 level increased statistically
significantly in 6-OHDA-induced SH-SY5Y cells
compared to the control group (P<0.001), it
significantly decreased in these cells treated with
Iturin A compared to 6-OHDA-induced SH-SY5Y
cells (P<0.001). There was a decrease in IL-6 level
in L-DOPA-treated cells (positive control), but it
was not statistically significant (P>0.05) (

induced SH-SY5Y cells (P<0.0001). IL-8 levels
significantly decreased in L-DOPA-treated cells
(positive  control) (P<0.0001) (Figure 3.B).
Similarly, TGF-p level significantly increased in 6-
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OHDA-induced SH-SY5Y cells compared to the
control group (P<0.05) and significantly decreased
in Iturin A-treated cells compared to the 6-OHDA-

induced cells (P<0.01). TGF-3 level significantly
decreased in L-DOPA-treated cells (positive
control) (P<0.01) (Figure-3.C)
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Figure-3. lturin A reduces inflammation in 6-OHDA-induced SH-SY5Y cells. IL-6 (A), IL-8 (B), and TGF-B (C)

protein expressions. Significant difference compared to control and 6-OHDA-induced neurotoxicity groups, *p<0.05,

**p<0.01, **p<0.001, **p<0.0001.

DISCUSSION

The prevalence and incidence of PD are
increasing worldwide as the population ages, and
it is estimated that there will be approximately 30
million PD patients worldwide by 2030 (25). The
disease is a major public health concern because
it becomes more common with increasing age
(26). There is currently no cure for PD, but clinical
trials are investigating potential disease-modifying
approaches (27,28).

Biosurfactants, particularly Iturin A, are attracting
attention due to their anti-inflammatory effects
(22). Although the importance of biosurfactants in
developing strategies to prevent and treat the
disease is well known, studies in this area are quite
limited. Although there are no studies in the
literature on the effect of Iturin A in the treatment
of PD, it cannot be ignored due to its effects on
neurodegeneration. (29-31). The cytotoxic, anti-
/pro-inflammatory, and anti-tumor properties of the
biosurfactant Iturin A were investigated in this work
using ELISA and MTT assays on an in vitro PD cell
model.

The source of Iturin A used in our study is a
Bacillus from the soil. As far as we know, there is
no information in the literature about the anti-tumor
properties of lturin A obtained from the same
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source in SH-SY5Y cells. In this context, our study
is of particular importance. In this study, we
calculated the ICso value for Iturin A in SH-SY5Y
cells as 48.709 uM for 48 hours. Moreover, lturin
A decreased the viability of SH-SY5Y human
neuroblastoma cells to below 50% and lowered
neurotoxicity.

The 6-OHDA-induced in vitro PD model is a useful
model to investigate the molecular basis of
cytotoxicity, to study the cellular processes
activated by neuroinflammation and neuronal
death, and to wunderstand new treatment
mechanisms, as it reproduces the cellular
processes described in PD (32). The biology of PD
and the efficacy of potential neuroprotective drugs
are being investigated using SH-SY5Y cells as an
experimental model (33).

There are a large number of activated microglial
cells in the substantia nigra striatum of PD
patients, which produce various cytokines (e.g.
TNF-qa, IL-6 and IL-1, etc.) and then induce an
inflammatory response and promote neuronal
lesions (34,35). Therefore, reducing microglial
inflammation is a useful approach for the treatment
of PD (36) Previous studies have shown that levels
of various cytokines such as TNF-q, IL-1B, IL-2, IL-
4, IL-6, IL-8, epidermal growth factor (EGF), TGF-
a, TGF-( are elevated in PD (10,37-39).
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Interleukins are released by activated microglia
and leukocytes. IL-6 is a multifunctional cytokine
secreted by neurons and glial cells and IL-6 plays
an important role in neuronal development and
differentiation (38). They possess a number of
receptors, one of which is IL-6, which promotes
neuronal cells survival at normal concentrations
but can cause neurodegeneration when
overactivated (40). In our study, 6-OHDA-induced
SH-SY5Y cells, which we created to mimic the PD
model, had elevated IL-6 levels in line with
neurodegeneration. Iturin A treatment reduced
inflammation in 6-OHDA-induced SH-SY5Y cells
by lowering IL-6 levels.

Interleukin-8  (IL-8/CXCL8), a major CXC
chemokine, exerts profound effects on cell-cell
activation and brain function, suggesting possible
involvement in neuroinflammation (41). IL-8 is
secreted by a variety of cell types and is released
when an inflammatory trigger occurs (42,43). IL-
8 levels are particularly high in Parkinson's

CONCLUSION

The expression of cytokines, which increases
and/or decreases during biosurfactant treatment,
could contribute to the development of PD. In the
present study, the biosurfactant Iturin A was
shown to decrease the increased levels of IL-6, IL-
8 and TGF-B in 6-OHDA-induced SH-SY5Y cells,
an in vitro PD model. High levels of these cytokines
are known to be particularly common in PD. In
conclusion, the Iturin A treatment has a protective
effect against the toxicity of 6-OHDA in SH-SY5Y
cells. However, these findings are preliminary and
were studied in vitro based on a single cell line. In
this context, it is supported in vivo with additional
cytokines and chemokines to better understand its
efficacy for clinical translation.
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Correlation of the neuropathic pain and electrodiagnostic tests in earthquake-
related peripheral nerve injuries
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ABSTRACT

Aim: Peripheral nerve injury resulting from being buried under earthquake-related debris can lead to
neuropathic pain. This study investigates the relationship between neuropathic pain and
electrodiagnostic test findings in patients with peripheral nerve lesions caused by entrapment under
debris.

Materials and Methods: This retrospective study included patients who developed peripheral nerve
lesions due to entrapment under debris during the Kahramanmaras-centered earthquakes in February
2023. Abnormalities in compound nerve action potentials (CNAPs) and compound muscle action
potentials (CMAPSs) were categorized as mild, moderate, or severe.

Results: 62 (34 female, 28 male) patients were included in this study. The mean (min-max) disease
duration, time under debris, and Douleur Neuropathique 4 Questions (DN4) scores were 59.4 + 37.1
(21-180) days, 22.6 + 29.7 (0.5-130) hours, and 4.9 + 1.7 (1-9), respectively.

A positive correlation was observed between the number of severe CNAP/CMAP abnormalities and
DN4 scores (p=0.024, r=0.287/ p=0.003, r=0.371). Patients with severe CMAP abnormalities in at least
one or at least two nerves had higher DN4 scores compared to those without (p=0.039/p=0.009).
Conclusion: This study highlights a relationship between neuropathic pain and severe CNAP/CMAP
abnormalities in patients with peripheral nerve lesions due to entrapment under debris.

Keywords: Earthquake, nerve conduction study, neuropathic pain, peripheral neuropathy,
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Amag: Depremle iliskili enkaz altinda kalmaya bagli gelisen periferik sinir yaralanmalari néropatik agriya
yol agabilir. Bu ¢alisma, enkaz altinda kalma sonucu periferik sinir hasari olan hastalarda néropatik agri
ile elektrodiyagnostik test bulgulari arasindaki iligkiyi aragtirmaktadir.

Gere¢ ve Yoéntem: Bu retrospektif ¢alisma, Subat 2023'te Kahramanmaras merkezli depremler
sirasinda enkaz altinda kalma sonucu olusan periferik sinir hasari gelisen hastalari icermektedir. Bilesik
sinir aksiyon potansiyelleri (CNAP) ve bilegik kas aksiyon potansiyellerindeki (CMAP) anormallikler hafif,
orta veya giddetli olarak kategorize edilmigtir.
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Bulgular: Bu calismaya 62 (34 kadin, 28 erkek) hasta dahil edilmigtir. Ortalama (min-maks) hastalik
stiresi, enkaz altinda kalma siiresi ve Douleur Neuropathique 4 soru (DN4) skorlari sirasiyla 59,4 + 37,1
(21-180) giin, 22,6 + 29,7 (0,5-130) saat ve 4,9 £ 1,7 (1-9) olarak bulunmustur.

Siddetli CNAP/CMAP anormalliklerinin sayisi ile DN4 skorlari arasinda pozitif bir korelasyon
gbzlenmistir (p=0,024, r=0,287 / p=0,003, r=0,371). En az bir veya en az iki sinirde giddetli CMAP
anormallikleri olan hastalar, anormallik bulunmayan hastalara gére daha yiiksek DN4 skorlarina sahipti

(p=0,039 / p=0,009).

Sonug: Bu ¢alisma, enkaz altinda kalmaya bagli periferik sinir hasari olan hastalarda néropatik agri ile
siddetli CNAP/CMAP anormallikleri arasindaki iliskiye dikkat cekmektedir.

Anahtar Sézciikler: Deprem, sinir ileti galismasi, néropatik agri, periferik néropati

INTRODUCTION

Abnormalities in the peripheral nervous system
can lead to the development of weakness,
sensory abnormalities, and neuropathic pain (1,
2). These issues can range from mild impairment
to disability in affected patients. Traumas,
alongside chronic systemic diseases, are known
to cause disorders involving the peripheral
nervous system, including peripheral nerve
damage, plexopathy, or radiculopathy (1-4). Nerve
conduction studies and needle electromyography
are valuable tools not only for diagnosing
peripheral nerve lesions but also for providing
insights into differential diagnosis and prognosis
(5, 6). Peripheral nerve lesions may result from
traumas such as being trapped under debris
caused by earthquakes (4, 7-9). Moreover,
individuals affected by earthquakes may develop
neuropathic pain (10). This study investigates the
potential relationship between neuropathic pain
and nerve conduction study findings in peripheral
nerve lesions resulting from individuals being
trapped under debris due to earthquakes centered
in Kahramanmaras.

MATERIALS AND METHODS

Subjects

This retrospective study included patients who
suffered peripheral nerve lesions due to being
trapped under debris in the Kahramanmaras-
centered earthquakes on February 6, 2023. The
study was conducted at Adana City Training and
Research Hospital's Neurology Clinic and Clinical
Neurophysiology Laboratory between February
2023 and June 2023. Ethics committee approval
for the study was obtained from Adana City
Training and Research Hospital Clinical Research
Ethics Committee (number: 129/2669, date:
2023). Patients exhibiting clinical features and
electrodiagnostic findings consistent with single or
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multiple nerve lesions, plexopathy, and/or
radiculopathy were included. Exclusion criteria
comprise individuals with conditions predisposed
to polyneuropathy, neurodegenerative diseases,
or a history of radiculopathy/plexopathy or nerve
lesions. Douleur Neuropathique 4 Questions
(DN4) pain scale was applied to the patients. The
cut-off point for DN4 score was considered as 4
points (11, 12).

Electrodiagnostic tests

Nerve conduction study and needle
electromyography were performed with the
Cadwell Sierra Summit EMG unit (Cadwell
Laboratories, Kennewick, Washington, USA).
Recommended methods and reference values for
nerve conduction study and needle
electromyography were used. Considering the
clinical findings of the patients’, recommended
methods were and reference values for nerve
conduction study and needle electromyography
were performed on the median, ulnar, radial,
superficial radial, medial antebrachial cutaneous,
lateral antebrachial cutaneous, posterior tibial,
peroneal, and sural nerves. The normal values for
these nerve conduction studies are as follows:
Posterior tibial CMAP: 4.2 pV, Median CMAP: 4.3
uV, Median CNAP: 10.3 pV, Ulnar CMAP: 6.4 uV,
Ulnar CNAP: 7.1 pV, Peroneal CMAP: 3.7 uV,
Sural CNAP: 5.1 uV, Superficial peroneal CNAP:
5.3 pV, Superficial radial CNAP 10 pV, Medial
antebrachial cutaneous (MAC):3 uV, Lateral
antebrachial cutaneous (LAC): 6 pV (13-16).

For motor and sensory nerve conduction studies,
upper and lower band filters were set as 20 Hz-
10kHz and 20Hz-2Khz, respectively. In sensory
and motor nerve conduction studies, the sweep
speed was 1 ms/division and 5 ms/division,
respectively. Sensitivity in sensory and motor
nerve conduction studies was set as 10
uV/division and 2 mV/division, respectively.
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Compound muscle action potential (CMAP) and
compound nerve action potential (CNAP)
amplitudes were calculated from peak to peak.
Considering clinical findings of the patients, nerve
conduction studies of the median, ulnar, radial,
superficial radial, medial antebrachial cutaneous,
lateral antebrachial cutaneous, posterior tibial,
peroneal, and sural nerves were performed on the
patients. CMAP or CNAP were classified
according to their amplitudes as follows (17): 1)
Mild nerve injury: CNAP / CMAP amplitude is less
than 50% of the normal value 2) Moderate nerve
injury: CNAP / CMAP can be obtained but the
amplitude is between 50-100% 3) Severe nerve
injury: CMAP/CNAP cannot be obtained.

Concentric needle electrodes (length=50mm, 26

G, Natus, Galway, Ireland; length=50mm,
diameter=0.46mm, Bionen Medical Devices,
Florence, Italy) were wused for needle

electromyography (EMG). Band filter 10 Hz It was
set to -10 kHz. Positive sharp waves and
fibrillation potentials at rest were carefully
examined. When the motor unit action potential
(MUAP) amplitude was >3.5 mV and/or duration
was >15 ms, this MUAP was considered
neurogenic. Muscles with positive sharp
wave/Fibrillation potentials were divided into two
groups according to whether MUAP could be
obtained or not. Muscle selection for needle EMG
was made according to the clinical characteristics
of the patient.

Statistical analysis

Categorical variables were expressed as
frequency and percentage, while numerical data
were presented as mean % standard deviation
(SD) and range. Statistical analysis employed the
Mann-Whitney U test for numerical data
comparison between groups and the Pearson-Chi
Square test for categorical variables. Spearman
correlation analysis assessed correlations. A p-
value < 0.05 was deemed statistically significant.
SPSS 22.0 was used for statistical analysis.

RESULTS

The findings of 97 patients were reviewed. There
were 22, eight and five patients with a history of
diabetes mellitus, polyneuropathy and
radiculopathy, respectively. These patients were
excluded from the study. Finally, 62 patients (34
female, 28 male) were included in the study. The
mean age of the patients was 35.3114.3 years.
The time interval between the time the lesion

Volume 64 Issue 2, June 2025 / Cilt 64 Sayi 2, Haziran 2025

occurred and the time the
clinical/electrodiagnostic examination was
performed was 59.4+37.1 (min-max 21-180) days.
The mean time spent under debris is 22.6£29.7
(0.5-130) hours. The clinical features of the
patients are given in Table-1. When patients were
grouped according to lesion localization, there
were 24 (38.7%), 18 (29.1%) and two (3.1%)
patients with only peripheral nerve lesion,
plexopathy and radiculopathy, respectively.
Eighteen patients had at least two of these three
types of injuries.

The mean DN4 score of the patients was 4.9+1.7
(min-max 1-9). There were 40 (64.5%) patients
with a DN4 score > 4. DN4 scores of individuals
with one extremity affected and more than one
extremity were 4.5+1.8 (min-max 1-9) and 5.6+1.3
(min-max 3-8), respectively (p=0.007). The
numbers of mild, moderate, and severely affected
CNAP/CMAPSs in patients are shown in Table-2.
Table-3 shows the correlation between the
number of mildly, moderately, and severely
affected nerves / disease duration / time under
debris and DN4 scores. Figure 1 shows the
correlation between DN4 scores and the number
of nerves with severe CMAP abnormality in each
patient. The comparison of disease duration/time
in debris/DN4 scores between the groups formed
by separating the patients according to the
presence of MUAP and the number of severe
CNAP/CMAP abnormalities is available in Table-
4. Correlation between DN4 scores and the
number of nerves with severe CMAP abnormality
in patients with and without severe CMAP
abnormality in at least two nerves shows in Figure
2.
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Table-1. The clinical features of the patients.

Clinical feature

Median / Ulnar nerve

Radial / Axillary nerve

Peroneal / Posterior tibial / Sural nerve
Superficial / Sciatic nerve

Brachial / Lumbosacral / Sacral plexus
Cervical / Lumbosacral radiculopathy
Affected extremity

Only one extremity / >1 extremity
Right / Left / Bilateral

Upper / Lower / Both

Number of patients (%)
7 (11.2)/ 10 (16.1)

6(9.6) / 1(0.01)

15 (24.1) / 3 (0.04) / 2 (0.03)
1(0.01)/ 15 (24.1)
9 (14.5) / 4 (0.06) / 10 (16.1)

1 (0.01) / 4 (0.06)

18(29.1)/ 24 (38.7)
23(37.1)/21(33.9)/18(29.0)
20(32.3)/34(54.8)/8(12.9)

Table-2. The numbers of mild, moderate and severely affected CNAP/CMAPSs in patients.

Electrodiagnostic

abnormality
CNAP Abnormality in

one nerve
Mild 13 4
Moderate 1 -
Severe 18 16
CMAP
Mild 16 4
Moderate 14 2
Severe 15 15

Number of patients

Abnormality in
two nerves

Abnormality in
three nerves

2

8

Abnormality in  Abnormality in

four nerves five nerves
- 3
10 2

Table-3. The correlation between the number of mild, moderate and severely affected nerves /disease duration/

time under debris and DN4 scores.

Clinical and electrodiagnostic features

Disease duration
(day)
Time under debris (hour)

Number of nerves with CNAP/CMAP abnormality in

patients
CNAP abnormality

Mild
Moderate

Severe

CMAP abnormality
Mild

Moderate

Severe

DN4 scores

p=0.044, 1=0.257

p=0.865, r=0.022

p=0.574, r=0.073
p=0.125, r=-0.197

p=0.024, r=0.287

p=0.480, r=-0.091
p=0.331, r=-0.126
p=0.003, r=0.371

CMAP: compound muscle action potential; CNAP: compound nerve action potential; DN4: Douleur Neuropathique

4 Questions.
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Table-4. The comparison of clinical features / DN4 scores between the patients with and without the

electrodiagnostic abnormalities.

Disease duration

(day)
meanzSD(IQR)

Electrodiagnostic feature

Severe CNAP abnormality in
at least one nerve +

+ (n=45) 59.4+40.0(45)
- (n=17) 59.3+29.17(45)
P value 0.585

Severe CNAP abnormality in
at least two nerves

+ (n=27) 63.3+42.1(77)
- (n=35) 56.3+33.2(36)
P value 0.749

Severe CMAP abnormality in
at least one nerve +

+ (n=51) 60.2+38.7(55)
- (n=11) 55.3+29.8(34)
P value 0.861

Severe CMAP abnormality in
at least two nerves

+ (n=36) 62.91£40.3(54)
- (n=26) 54.4+32.3(36)
P value 0.488
Absence of MUAP in at least

one muscle

+ (n=35) 57.9+36.4(40)
- (n=24) 60.5+35.2(50
P value 0.676

Time under debris DN4 scores
(hour) mean+SD
mean+SD

25.7+£29.9(19.5) 5.2+1.6(2)
14.0£28.2(9.5) 4.31£1.8(3)
0.006 0.106
25.4+26.6(14) 5.3+1.7(2)
20.3£32.1(9) 4.6+1.7(2)
0.046 0.110
23.5+28.8(17) 5.1£1.6(2)
17.9+34.6(9) 4.0+£1.9(3)
0.068 0.039
27.1£33.3(41.8) 5.4+1.5(2)
16.2+23.1(14.5) 4.2+1.7(2.2)
0.387 0.009
30.7%36.3(53) 5.1+1.6(2)
12.1£12.4(8.8) 4.7+1.9(2.7)
0.049 0.315

CMAP: compound muscle action potential; CNAP: compound nerve action potential; DN4: Douleur Neuropathique
4 Questions; MUAP: motor unit action potential; SD: standard deviation.

DN4 score

0 1 2 3 4

The number of nerves with severe CMAP abnormality in each patient

Figure-1. The correlation between DN4 scores and the
number of nerves with severe CMAP abnormality in
each patient

CMAP: compound muscle action potential; DN4:
Douleur Neuropathique 4 Questions.

Volume 64 Issue 2, June 2025 / Cilt 64 Sayi 2, Haziran 2025

DNa

l ik

The patients without severz CMAP abnomnality in at lzast  The patiznts with severe CMAP abaormality in at least two
wo nenves nenes

Figure-2. The comparison of DN4 scores between the
patients with and without severe CMAP abnormality in
at least two nerves

CMAP: compound muscle action potential; DN4:
Douleur Neuropathique 4 Questions.
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DISCUSSION

Neuropathic pain was prevalent in approximately
65% of the patients in this study, indicating its
significant impact on individuals with peripheral
nerve lesions resulting from being trapped under
earthquake debris. Unlike acute nerve injuries
seen in typical trauma, entrapment under debris
causes prolonged compression and ischemic
damage, leading to more severe axonal
degeneration and delayed recovery. This
mechanism  distinguishes  earthquake-related
nerve injuries from standard traumatic
neuropathies. A noteworthy finding was the
positive correlation observed between DN4
scores, indicative of neuropathic pain severity,
and the presence of severe CNAP abnormalities.
This suggests that as the degree of axonal
degeneration in sensory nerves increases, the
severity of neuropathic pain may also escalate
(18-21). Interestingly, a similar relationship was
observed between severe CMAP abnormalities
and DN4 scores, implying that in patients trapped
under debris, not only the sensory branches of the
peripheral nerves are affected, but also the motor
and sensory branches more proximally. Another
explanation for this situation may be in the
pathophysiology of neuropathic pain. Both
peripheral and central mechanisms are involved in
the pathophysiology of neuropathic pain (18-20).
Affecting Damaged to motor fibers may have
affected the motor cortex, which is known to be
related to the somatosensory cortex (22, 23), and
thus may have led to the development of
neuropathic pain in these patients. Entrapment
duration (time under debris) did not correlate with
DN4 scores but correlated with CNAP
abnormalities in patients with one or two CNAP
abnormalities. Neuropathic pain is a progressive
condition, and its severity is influenced by the
duration of nerve injury rather than the initial
entrapment duration. While entrapment duration
objectively correlates with the degree of nerve
damage (reflected by CNAP abnormalities),
subjective pain perception (DN4) is influenced by
multiple factors, including central sensitization and
the chronicity of the injury. In this study,
neuropathic pain was present in more than half of
the patients. It shows that neuropathic pain is an
important problem in patients with disorders in the
peripheral nervous system as a result of being
trapped under earthquake-related debris (10).
Similarly, patients without detectable MUAP,
indicative of more severe nerve injury, tended to
have longer exposure durations under debris
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compared to those with detectable MUAP. As the
time spent under debris increases, the severity of
axonal degeneration in the peripheral nerve may
gradually increase, or the peripheral nerve may be
completely damaged, or an event such as
compartment syndrome may damage the
peripheral nerve (8, 24). These findings
underscore the importance of timely rescue efforts
to prevent or mitigate severe peripheral nerve
damage in individuals trapped under debris
following earthquakes.

Although some studies suggest that the lower
extremities are more affected in those trapped
under earthquake debris, some studies have
reported the opposite (4, 7, 25, 26). In this current
study, peripheral neuropathy was more common
in the lower extremities. Although lower extremity
neuropathy was more common in our study, with
ulnar nerve damage prevalent in the upper
extremity and sciatic and peroneal nerve damage
in the lower extremity, the specific distribution of
nerve injuries varied. This variability may be
attributed to anatomical vulnerabilities. Peripheral
nerves become more superficial or susceptible to
neuropathy as they pass through some parts of
the extremities. The ulnhar nerve is more prone to
injury across the elbow segment and the peroneal
nerve at the head of the fibula (27-29). Contrary to
this situation, the deeper located sciatic nerve is
also affected. The most common causes of sciatic
nerve neuropathy are hip fractures/dislocations
and hip surgery (17). Similarly, there are reports
that suggest that approximately 45% of the
patients injured in the earthquake had tibia/fibula
or femur fractures (4). Therefore, sciatic nerve
neuropathy may have been observed more
frequently in patients trapped under debris due to
traumatic hip and knee injuries.

This study had some limitations. In addition to
being a retrospective study, the disease durations
of the patients were different. It is known that
electrodiagnostic tests are affected by disease
duration (6, 30). The low number of patients can
also be considered a limitation, but the criteria for
inclusion of patients in the study were strict. The
nerve conduction studies examine myelinated
nerve fibers rather than the A delta and C fibers
associated with pain (6). This was also one of the
limitations.

CONCLUSION
This study highlights the significant burden of
neuropathic pain in individuals with peripheral
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nerve lesions following earthquake-related
entrapment under debris. The observed
correlations between neuropathic pain severity
and CNAP/CMAP abnormalities underscore the
importance of early detection and intervention in
mitigating the impact of such injuries. Further

research is warranted to elucidate optimal
management strategies for neuropathic pain and
peripheral nerve injuries in disaster settings.

Conflicts of interest: Authors declared no conflict
of interest.
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Investigation of aggression levels of methamphetamine users in probation

Denetimli serbestlik tedbiri bulunan metamfetamin kullanicilarinin saldirganlik
dlizeylerinin incelenmesi

Fatma Dilek Seker? Dilek Oker Kelesg?

1Department of Psychology, Faculty of Humanities and Social Sciences, Trabzon University
Trabzon, Turkiye

2Ministry of Justice, General Directorate of Prisons and Detention Houses, Izmir Probation Directorate,
Izmir, Tarkiye

ABSTRACT

Aim: The use of methamphetamine is a global health concern that profoundly impacts individual well-
being, potentially resulting in severe health consequences and mortality. Probation, a prevalent legal
substitute for imprisonment, is essential in the oversight and rehabilitation of methamphetamine-
related probationers. This study aimed to identify the characteristics of methamphetamine users and
assess their aggression levels.

Materials and Methods: The sample for this descriptive cross-sectional study comprises 200 adult
probationers (27 females, 173 males). The study utilized personal and criminological information
forms, the Addiction Profile Index (API), and the Buss-Perry Aggression Questionnaire (BPAQ).

Results: The mean age of the probationers was 32.32 + 8.41 years (Female: 30.07 + 7.14; Male:
32.67 £ 8.55). It was determined that 52.5% were unmarried, 36.5% had experienced traumatic events
(including earthquakes, violence, or death), 39% had a history of incarceration, 18% had attempted
suicide, and 39% exhibited self-injurious behaviors. Upon analyzing the addiction profiles of
probationers, it was shown that 40% had engaged in drug use for a duration of 1 to 5 years, while
64.5% exhibited polydrug usage. The average overall aggressiveness score of probationers was
76.36+20.47, whereas the average total APl score was 9.08+3.99. The correlation study indicated a
somewhat positive and statistically significant association between probationers' levels of hostility and
addiction (p<0.05).

Conclusion: Acknowledging the traits of methamphetamine users and their aggression levels during
probation may enhance the efficacy of probation practices and aid in diminishing drug consumption.

Keywords: Crime, Methamphetamine, Probation, Substance Use, Aggression

This research is an extended version of the oral presentation at the 33rd Congress of Psychology held
in Prague between 21-26 July.
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Amag: Bu calismada madde kullanim davranigi ile ilgili takip ve tedavi stirecinde 6nemli bir yere sahip
olan denetimli serbestlik mdddirliiklerinde, metamfetamin kullanicilarinin 6zelliklerini ortaya koyarak
saldirganlik dlizeylerinin belilenmesi ve metamfetamin kullanimi ile iligkin faktérlerin ortaya konulmasi
amaclanmistir.
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Gerec ve Yéntem: Tanimlayici kesitsel desendeki bu arastirmanin érneklemini 200 (27 kadin, 173
erkek) yetiskin yikimli olusturmaktadir. Calismada yikidmlilerin kigisel ve kriminolojik bilgilerini
iceren bilgi formu, Bagimlilik Profil indeksi (BAPI) ve Buss-Perry Saldirganiik Olgegi (BPSO)
kullanilmistir.

Bulgular: Veriler dederlendirilirken tanimlayici istatistikler ve pearson korelasyon analizi kullaniimistir.
Metamfetamin kullanimi olan yiikimliilerin yas ortalamasi 32,32 + 8,41 (K:30,07+7,14; E:32,67+8,55)
olup %52,5'i bekar, %39,5’i ortaokul mezunu oldugu, %36,5’inin travmatik olay ge¢misinin (deprem,
siddet, 6liim vb.) oldugu, %33’liniin birden fazla denetimli serbestlik tedbirinin bulundugu, %39’unun
ceza infaz kurumu Oyklslniin oldugu, %68,5’inin ailesinin, %71’inin arkadaginin denetimli serbestlik
tedbirinin  bulundugu, %18’inin intihar girisiminin oldugu ve %39unun kendine zarar verme
davraniginin bulundugu sonucuna ulagiimistir. Metamfetamin kullanimi olan yikidmlilerin bagimiilik
ozellikleri incelendiginde %40’inin 1-5 yildir madde kullandidi, %64,5’inin ise ¢oklu madde kullanimi
oldugu sonucuna ulasilimigtir. Yikiimlilerin toplam saldirganlik puan ortalamalari 76,36+20,47; BAPI
toplam puan ortalamalarinin ise 9,08 3,99 oldugu ve %86,5’inin yiiksek bagimhlik siddetinde riskli
kullaniminin oldugu saptanmistir. Arastirmada hipotezleri test etmek igin pearson korelasyon analizi
yapilmigtir. Yapilan analiz sonucuna gére yiikimlilerin saldirganlik ve bagimlilik diizeyleri arasinda
orta diizeyde pozitif ve anlamli bir iliski bulunmustur (p<0.05).

Sonug: Metamfetamin kullanicilarin &zellikleri ve saldirganhik diizeylerinin denetimli serbestlik
stirecinde yiiriitiilen iyilestirme faaliyetlerinin odaginda tutulmasi denetimli serbestlik uygulamalarinin
basarisinin arttirlmasinda ve madde kullaniminin azaltiimasinda etkili olabilecedi dlisiiniiimektedir.

Anahtar sézclikler: Sug; Metamfetamin; Denetimli Serbestlik; Madde Kullanimi; Saldirganlik

INTRODUCTION neurological problems, as well as mental health
problems ranging from anxiety, aggression,
and depression to acute paranoid psychosis
(4). Also, methamphetamine is commonly
associated with psychosis. This may be a factor
in frequent criminal justice referrals and lengthy
treatment required by meth users (5; 6).
Despite the lack of precise epidemiological
data, efforts to struggle with the rapidly
increasing misuse of these substances in
Turkey, as in other countries, have been
implemented, with various sanctions outlined
(7; 8; 9). Probation acts as an alternative to
imprisonment for certain types of offenders,
primarily those involved in lesssevere crimes. It
is particularly significant and commonly utilized
in countries with high incarceration rates, owing
to a greater awareness of the costs of
imprisonment and the increased cost-
effectiveness of probation (10). With the
establishment of supervised release in te
Turkish Penal Code in 2004, a new era began
in the field of addiction (11). A supervision plan
is prepared for the probationer for whom a
supervised release cautionary decision is

Substance use disorders, characterized as a
neurological condition necessitating a
biopsychosocial approach, represent a significant
public health concern demanding urgent attention
in numerous jurisdictions. In the context of
combating substance use, diverse strategies are
utilized, encompassing demand and production
reduction, drug trafficking regulation, and
rehabilitation initiatives, with addiction treatment
varying based on the substance type, usage
duration, and potential complications. In many
communities, substance-use disorders are
perceived as a deterioration, a threat, and a
stigmatization of the individual, leading to a
marginalized and often illegal existence (2).
Concerns surrounding the accessibility and
utilization of methamphetamine have been
escalating for an extended period. The rising
prevalence of methamphetamine misuse in
recent years has led to a heightened workload for
addiction  clinics.  Methamphetamine-related
disorders present a substantial issue for people,
their families, and society as a whole (3).

Methamphetamine, commonly known as meth, issued, and it is ensured that he/she
is a powerful and highly addictive stimulant that participates in the programs (individual
can have severe consequences for individuals interview, group work, seminars) planned to
and communities. According to research, short raise awareness on addiction within the scope
and long-term use of methamphetamine of educational improvement studies (12;13).
causes  circulatory,  respiratory,  and Methamphetamine abuse is increasingly
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emerging as a major public health issue, with
devastating effects on both individuals and
their communities (14). Its abuse is linked to

numerous mental health disorders and
negatively impacts cognitive  functioning,
resulting in various detrimental behavioral

changes and, ultimately, social isolation. (15).
Methamphetamine is linked to a range of mental
health disorders and adversely affects cognitive
functioning, leading to numerous negative
behavioral changes and, ultimately, social
isolation (15). Mental disorder symptoms
include depression, anxiety, anger, aggression,
hallucinations, and delusions, while cognitive
impairment encompasses deficiencies in
learning, memory, attention, decision-making,
social cognition, executive function, and
working memory (16; 17). Also,
methamphetamine is a drug closely associated
with intense aggressive behavior, and the
psychoactive nature of the substance leads to
high rates of violence and violent crimes (18,
19; 20).

Violence is a significant social issue in numerous
countries. Methamphetamine use disorder is a
long-term, recurring condition increasingly linked
to a range of harms, including mental and
physical health issues, intimate partner violence,
family disruption, homelessness, crime, and
mortality (21). A review of the literature shows
that while topics such as anxiety, self-efficacy,
problem-solving skills, and stigma are explored
among probationers (22; 23; 24), and there are
studies on probation measures related to
cannabis use (25), research specifically focusing
on probationers under supervised release due to
methamphetamine use is relatively limited. The
research question of the study was " Is there a
relationship between aggression and
methamphetamine use in the probation sample
?" In this context, the study aims to identify the
substance use characteristics of
methamphetamine users in probation samples
and to determine their levels of aggression. Thus,
it also aims to contribute to treatment and
rehabilitation by revealing the factors associated
with methamphetamine use. Considering the
original value of the research, it is believed that
rehabilitative interventions targeting the concepts
of aggression associated with substance use will
contribute to a more effective effort to protect the
health and well-being of both individuals and
society.
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MATERIALS AND METHODS

This study, designed in a cross-sectional, was
conducted with persons over the age of 18 who
were given probation measures within the scope
of Article 191 of the Turkish Penal Code (2004)
due to the offense of "buying, accepting or
possessing drugs or stimulants for use or using
drugs or stimulants."

Sample

The study sample, selected by random sampling,
included 200 probationers with a history of
methamphetamine use who were receiving
treatment and probationary measures at the izmir
Probation Office from July 2023 to September
2023. The study's dependent variable is
aggressiveness scores. The independent factors

include the probationers’ socio-demographic
traits, substance use patterns, and criminal
history.

Procedure

The study was conducted after obtaining
permission for the research application from the
Directorate of Probation of the Ministry of Justice.
Face-to-face interviews were conducted with the
probationers. An average of 30 to 50 minutes
was spent on each” probationer's session.

Data Collection Tools

Personal Information Form: The form consists of
two parts: socio-demographic questions,obtaining
data such as age, occupation, education level,
employment status, number of siblings, criminal
history, and a clinical data form querying
psychiatric history and substance use-related
characteristics was used.

Buss-Perry Aggression Questionnaire (BPAQ):
The BPAQ is a self-report instrument consisting
of 29 items, answered on a 5-point Likert-type
scale, ranging from 1 (extremely uncharacteristic
of me) to 5 (extremely characteristic of me). The
BPAQ assesses four dimensions of aggression:
Physical Aggression (nine items), Verbal
Aggression (five items); Anger (seven items), and
Hostility (eight items) (26 ). The validity and
reliability study of the Turkish version of the
scale was tested by Madran (27). The score
obtained for each scale sub-factor indicates the
individual's aggressive attitudes towards that
factor.

Addiction Profile Index (API): The scale consists
of 37 questions and five subscales. The validity
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and reliability study of the scale was conducted by
Ogel and colleagues in 2012.Symptoms related to
severe craving and cessation motivation are
qguestioned for the past week, while other
categories are assessed for the past year (28).

Data Analysis

The SPSS (Statistical Package for Social
Sciences) for Windows 25.0 program was used
for statistical analysis. Pearson Correlation
Analysis, Independent t-test, and One-Way
Analysis of Variance were used as hypothesis
tests. The results were evaluated in the 95%
confidence interval, and the significance was
assessed as p <0.05.

RESULTS

A total of 200 probationers in the study,
consisting of 27 females and 173 males, aged
betweenl18 and 65 years old, with a mean age of
32.32 + 8.41. 13.5% of the probationers were
female (mean age: 30.07 + 7.14), and 85.5% were
male (mean age: 32.67 % 8.55). Regarding
education level, 39.5% had completed middle
school, 52.5% were single, 33% were married,
and 14.5% were divorced, 46% of the
probationers  were parents. 68%  were
currently employed, 36.5% had a history of
traumatic events, 32% had a history of divorce
within their families, 31.5% had a history of
domestic violence, and 31.5% had experienced
childhood neglect. 11% had a history of
psychological treatment, 39% had engaged in
self-harming behaviors, and 18% had attempted
suicide. Furthermore, 39% had previously
received a sentence for a crime, and 55.5%
described themselves as "calm" (Table-1).

Results Regarding Probationers' Substance Use
Characteristics

Probationers with methamphetamine use have a
lifetime substance use rate that was determined
to be 100%. The mean age at which
probationers first tried a substance was found to
be 20.65 + 7.70 years old, with 65% trying
marijuana for the first time and 22.5% trying
methamphetamine. It was found that 68.5% of
probationers had people in their family and
environment who used substances, 33% were
repeat offenders under probation, 71% had a
friend under probation, and 64.5% engaged in
multiple substance use. When the distribution of
the probationers according to the duration of
substance use is analyzed, It was observed that

212

40% had substance use between 1-5 years, 16%
had substance use between 5-10 years, and 27%
had substance use more than 10 years. The"
probationer' Addiction Profile Index (API) average
score was 9.08 £3.99. In this study, it was found
that all participants had low addiction severity.
Although the severity of addiction of the
participants was low, the rate of high-risk
substance use behaviors was found to be 86%
(Table-2).

Results Related
Probationer

to Aggression Levels of

The total score obtained from the Buss-Perry
Aggression Questionnaire (BPAQ) was found to
be 76.36 £ 20.47. The mean score of the physical
aggression sub-dimension of the BPAQ was
22.28, the mean score of the verbal aggression
sub-dimension was 14.09, the mean score of the
anger sub-dimension was 18.10, the mean score
of the hostility sub-dimension was 21.89. The
highest mean score of the probationer was
obtained from the physical aggression sub-scale.
There was a statistically significant difference
between the education levels of probationers and
BPAQ verbal aggression sub-dimension scores
(F=3.067; p = 0.01 < 0.05). According to the
results of Post Hoc analysis, when the verbal
aggression levels of probationers were analyzed
according to their educational levels, it was found
that the average of university graduates (x =
15.42) was higher than high school graduates
(x =14.71). Similarly, there was a significant
difference between 'probationer's education
levels and anger sub-dimension scores (F=2.464;
p<0.05).

There was a statistically significant difference
between the total score obtained from BPAQ and
having a history of traumatic events (t =3.118;
p<0.05), domestic violence (t = 6.113; p <0.05),
childhood neglect (t =6.385; p<0.05), self-harming
behavior (t=5.450; p<0.05), suicide attempt (t
=3.958; p<0.05), presence of substance users in
family and surroundings (t =3.819; p<0.05) and
Polysubstance use (t=0.944; p<0.05). There was
a statistically significant difference in all sub-
dimensions  (physical  aggression, verbal
aggression, hostility, anger) of the BPAQ for the
variables that have a history of traumatic events,
domestic violence, childhood neglect, self-
harming behavior, suicide attempt, presence of
substance users in family and surroundings and
Polysubstance use. There was a statistically
significant difference between the total score
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obtained from BPAQ and the number of
polysubstance use (t=.944; p<0.05), as well as
physical aggression (t=4.942; p<0.05), verbal
aggression (t=-2.903; p<0.05), the hostility (t=-
3.879; p<0.05) and anger (t=- 3.407; p<0.05)
sub-dimensions. In other words, it was found that
the total aggression levels of multiple substance
use of probationer (x =18.15) were higher than
single substance use of probationer (x =15.25)
(Table-3).

The relationship between the probationer' BPAQ
total score (x =76.36, sd=20.47) and API total
score levels (x =9.08, sd=3.99) was evaluated by
Pearson Correlation. A moderate, positive and
significant relationship was found between these

Table-1. Socio-demographic data of participants (n=200)

variables (rass= .552, p=.000). It was concluded
that there was a statistically moderate, positive
and significant relationship between physical
aggression, which is one of the sub-dimensions
of BPAQ, and API total score (rues= .486,
p=.000), API- Substance Use Characteristics
(raosy= .498, p=.000), API diagnosis (r@es= .525,
p=.000), API effect on life (r@os= .463, p=.000)
and API craving dimensions (raee)= .548,p=.000).
In other words, as physical aggression increases,
substance use total score, substance use
characteristics, substance use diagnosis status,
adverse effects of substance use on life and
substance use desire increase (Table-4).

Probationers with Methamphetamine Use (N=200)

Mean £ SD

Age 32.3248.41

N %
Sex
Female 27 13.5
Male 173 86.5
Total 200 100
Education
Literate 7 35
Primary School Graduate 37 185
Middle School Graduate 79 39.5
High School Graduate 70 35
University Graduate 7 35
Total 200 100
Marital Status
Single 105 52.5
Married 66 33
Divorced 29 145
Total 200 100
Having Children
Yes 92 46
No 108 54
Total 200 100
Employment Status
Employed 136 68
Working irregularly 44 22
Unemployed 20 10
Total 200 100
History of Traumatic Events
Yes 73 36.5
No 127 63.5
Total 200 100
Family Divorce History
Yes 64 32
No 136 68
Total 200 100
Domestic Violence History
Yes 63 31.5
No 137 68.5
Total 200 100
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Childhood Neglect Experience
Yes

No

Total

Psychological Treatment History
Yes

No

Total

Self-Harming Behavior

Yes

No

Total

Suicide Attempt

Yes

No

Total

How do you describe yourself?
Calm

Hyperactive

Irritable

Social

Introverted

Total

Previous Incarceration Status
Yes

No

Total

63
137
200

22
178
200

78
122
200

36
164
200

111
23
17
25
24

200

78
122
200

315
68.5
100

11
89
100

39
100

18
82
100

55.5
115
8.5

12.5

100
39

61
100

Table-2. Substance use characteristics of offenders with methamphetamine use

Probationers with Methamphetamine Use (N=200)

Mean * SD

Lifetime Substance Use

Yes
Total

Presence of Substance Users in Family and
Surroundings

Yes

No

Total

Previous Probation Measure Status
Yes

No

Total

Friend's Probation Measure Status
Yes

No

Total

214

200
200

137
63
200

66
134
200

142
58
200

%

100
100

68.5
315
100

33
67
100

71

29
100
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Lifetime Substance Use Duration

Less than 1 year 34 17
1-5 years 80 40
5-10 years 32 16
More than 10 years 54 27
Total 200 100
Substance Use Frequency
Almost every day 43 21.5
Most days of the week 39 19.5
Several days a week 67 335
Several days a month 44 22
Several days a year 7 3.5
Total 200 100
Marijuana Use Frequency
Never 40 20
At least one use 19 9.5
Three or more 141 70.5
Total 200 100
Polysubstance Use
Single Substance 71 355
Multiple Substances 129 64.5
Total 200 100
Addiction Profile Index (API) Severity of Addiction
Low Addiction Severity 7 35
Moderate Addiction Severity 20 10
High Addiction Severity 173 86.5
Total 200 100
Table-3. Comparison of probationers' aggression scores by some variables
Demographic n BPAQ Physical Verbal Hostility Anger
Characteristics Aggression  Aggression
Total Score
Sex Mean £SD Mean £SD Mean £SD Mean £SD Mean £SD
78.66 +22.69 22.14 £6.99 13.92 £4.49 22.85 19.74 £7.61
16.67
Female 27 76 £20.15 22.30 £6.92 14.11 £3.57 17.84 £5.56
21.75
Male 173 -.106 -.247 16.85 1.55
t .62 916 .805 .786 121
p
.531 433
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Education
Literate

Elementary School
Gra.Middle School
GraduateHigh School
Graduate University

Graduate

F

p
PostHoc

History of Traumatic

Events

Yes
No
t

p

Domestic Violence

Yes
No
t

p

Childhood
Neglect
Experience

Yes
No
t

p

Psychological

Treatment
History

Yes
No

Self-harming
Behavior
Yes

No

t

p

216

37
79
70

73
127

63
137

63
137

22
178

78
122

Mean *SD

80.71+£24.06
78.21£15.07
71.78+20.12
79.44+22.32
83.14+21.82

1.757
0.139

Mean ¥SD

82.19 £20
73.01£20.05

3.118

0.002

Mean ¥SD

88.36+17.58
70.84+19.36

6.113
0.000

Mean SD

88.80+£18.33
70.64+18.85

6.385
0.000

Mean *SD

86+19.66
75.17+20.30

2.367
0.019

Mean *SD

85.58+18.46

70.46£19.55
5.450
0.000

Mean *SD

23.14x7.38
22.08+5.29
21.62+6.95
22.85+7.46
24.14+8.97

0.458
0.767

Mean ¥SD

23.72+6.96
21.44+6.78

2.264
0.025

Mean SD

25.61+6.57
20.74+6.54

4.886
0.000

Mean SD

25.76x7.37
20.67+6.08

5.123
0.000

Mean *SD

24.81+5.79
21.9646.99

1.835
0.068

Mean *SD

25.97+6.15

19.91+6.34
6.663
0.000

Mean *SD

15.42+4.96
14.72+3.11
13+3.47
14.71+3.96
15.42+4.96

3.067
0.01
4>3

(p<0.05)

Mean ¥SD

15+3.77
13.56+3.57

2.677
0.008

Mean SD

16.04+3.52
13.18+3.43

5.422
0.000

Mean SD

16.04+3.29
13.18+3.53

5.422
0.00

Mean *SD

15.50+4.04
13.91+3.63

1.906
0.058

Mean *SD

15.29+3.37

13.31£3.70
3.803
0.000

Mean £SD

22.85+7.94
22.24+6.43
20.63+6.88
22.65+6.87
25.57+5.44

1.473
0.21

Mean *SD

23.676.77
20.86+6.66

2.847
0.005

Mean *SD

25.34+5.60
20.29+6.76

5.163
0.000

Mean *SD

25.23+5.76
20.35+6.74

4.976
0.000

Mean £SD

24.63+6.67
21.5546.78

2.015
0.045

Mean £SD

23.8316.43
20.64+6.80
3.298
0.001

Mean £SD

19.28+4.49
19.16+4.00
1653+5.78
19.21+6.62
18+6.40

2.464
0.04
4>3

(p<0.05)

Mean *SD

19.79+5.92
17.13+5.67

3.140
0.002

Mean *SD

21.34+5.19
16.61+5.60

5.675
0.000

Mean *SD

21.76+5.18
16.42+5.43

6.543
0.000

Mean £SD

21.04+7.02
17.74+5.65

2.512
0.013

Mean £SD

20.48+5.31

16.58+5.76
4.817
0.000
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Suicide Attempt Mean *SD Mean *SD Mean *SD Mean £SD Mean *SD
88.16+£17.52 25.72+5.71 15.44+3.82 25.5516.36 21.441£5.44
L‘;S 15’7664 73.77£20.20  21.52+6.94  13.79+3.61  21.08+6.67  17.37#5.75
t 3.958 3.381 2.455 3.667 3.883
p 0.000 0.001 0.015 0.000 0.000
Presence of Mean ¥SD Mean ¥SD Mean ¥SD Mean *SD Mean *SD
SubstanceUsers in
Family and
Surroundings 137 79.99+20.02 23.26+6.87 14.65+£3.60 22.90+6.61 19.16+5.76
Ye 63 68.47+19.31 20.144+6.57 12.85+3.64 19.68+6.81 15.79+5.55
s 3.819 3.022 3.271 3.171 3.890
No 0.000 0.003 0.001 0.002 0.000
t
p
Lifetime Substance Mean ¥SD Mean ¥SD Mean ¥SD Mean *SD Mean *SD
Use Duration
Less than 1 61.32+17.17 16.704£5.92 12.73+3.51 17.64+6.80 14.2314.94
yearl-5 years 34 74.58+18.72  21.47+6.15  13.73+3.70  21.57+6.06  17.80%5.90
5-10 years 80 87.50+17.32  26.03+6.18  15.75+#3.16  24.81+#5.87  20.90+5.54
More than 10 years 32 81.87+20.88  24.75+6.59  14.48+3.78  23.29+7.22  19.33+5.41
F 54 4.312 9.140
p 12.672 16.171 0.006 7.896 0.000
PostHoc 0.000 0.000 3>1 0.000 2>1, 3>1,
3>1,4>1 2>1, 3>1, (p<0.05) 3>1,4>1 4>1
(p<0.05) 4>1(p<0.05) (p<0.05) (p<0.05)
PolySubstance Use Mean £SD Mean £SD Mean £SD Mean £SD Mean £SD
m&:&sumtame 4. 67.97+19.44  19.19:6.34 1308376  19.45:671  16.23:5.30
Substances 129 80.98+19.60 23.97+6.65 14.64+£3.55 23.23+6.53 19.134+5.97
t 944 4,942 -2.903 -3.879 -3.407
P .000 0.000 .004 .000 0.001
Addiction Profile Mean *SD Mean *SD Mean *SD Mean £SD Mean *SD
Index(API) Severity
of Addiction 63.28+18.21 20.14+6.06 11.42+1.90 17.57+7.97 14.14+4.48
7
Low Addiction Severity 63.65+15.10 17.80+5.88 12.70+3.61 18.45+5.06 14.7014.49
20
Moderate 78.36%£20.45 22.88+6.88 14.35+£3.70 22.4616.81 18.65+5.91
AddictionSeverity 173
High Addiction Severity 6.445 5.416 3.777 4.717 5.962
0.002 0.005 0.025 0.010 0.003
F 3>2 3>2 3>1 3>2 3>2
p (p<0.05) (p<0.05) (p<0.05) (p<0.05) (p<0.05)
PostHoc
Total 200
F: Anova Test; t: Independent Samples T-Test; PostHoc: Tukey, LSD
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Table-4. Correlation between Variables

API- Substance
Mean sd APE Use APL
Total . Diagnosis
Characteristics
API-Total 9.0892 3.99683 1
API-
Substan 19068 159429 708" 1
ceUse
Characteristic
s
API- 10332 615325  geg™ 6207 1
Diagnosis
API- Effects 2127 11.46579 886" 559" 804"
onLife *
API-Craving 514 454021 829" 591" 738"
API-Motivation 9005 338114 49" 075 262"
BPAQ 76.365 2047285 552" 540" 525"
Total B
Score
Physical 2228 6.91961 486" 498" 489"
Aggressi B
on
Verbal 14.09 3.70141 441" 424" 385"
Aggressi *
on
Hostility 21.89 6.82722 498" 4607 455"
Anger 18.105

589642 493" .490™ 481"

APL- BPA
API- API- Q Physical Verbal —

L Cravin Motivation ot Agoression  Aggression FLoshiisy =S
on Life : - Score - £

1
680" 1
312" 150" 1
463" 548" 0718 1
421" 509" -016 887" 1
368" 396" A38 790" .580" 1
409" 494" 114 888" 666" 676 1

410" 483" 058 907" 770" 654" 720" 1

**p<0.01; *p<0.05

**Correlation is significant at the 0.01 level (2-tailed).

DISCUSSION

The supervised probation program in Turkey,
established in 2006, plays a crucial role in
managing substance use disorders by focusing
on socio-demographic factors, criminal records,
and treatment outcomes (29). This program aims
to correct criminal behavior, prevent recidivism,
and rehabilitate substance abusers through
regular urine analysis and psychosocial
evaluations (30). Studies have shown that most
individuals in these programs are male, young,
with low education levels, and primarily use
marijuana as their substance of choice (29, 31).
Additionally, research highlights the importance
of early education on substance abuse, social
awareness, and the need for detailed
psychological assessments for individuals with
multiple substance use (29). Similar results were
obtained in this study conducted to determine the

aggression levels and substance use
characteristics of methamphetamine users on
probation.

The study found that 85.5% of the probationers
were male. When reviewing research in the field
of addiction, it's evident that substance use is
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more prevalent among males compared to
females (32; 33). Similarly, in some studies
conducted with individuals under probation (34;
35), it's noteworthy that there is a higher
proportion of male participants, with some
samplesconsisting entirely of males. According to
the 2021 data from TUBIM regarding
methamphetamine use disorder in Turkey, it's
shown that methamphetamine use is more
common among males, with a rate of 92.9% (36).
A study indicates that the proportion of women
under probation increased from 31% in 2000 to
36% in 2010 (37). According to the 2023 profile
research results of the General Directorate of
Security, it's stated the that proportion of women
among methamphetamine users is higher
compared to other drug users. The same report
also notes an increase in the proportion of
women in the sample compared to the previous
year in 2022. Therefore, there is a need for more
research involving women in this context (36).
When examining the rates of high severity of
substance use obtained from API, it was found
that 86.5% of the participants had high addiction
severity. However, the total score averages from
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API were found to be low, with a mean of 9.08 +
3.99. Considering this finding, it is observed that
individuals using methamphetamine are aware of
the addictive potential and harms of the
substance, but they may not accurately reflect
how they use it due to efforts to present
themselves positively. Therefore, their levels of
dependency may appear low. According to the
research results, the average scores obtained
from the APl-effects of life subscale of
methamphetamine users were higher at 21.27 +
11.46 compared to other subscales. It is
concluded that probationers have low insight into
the harms of the substance and have low
motivation for change. A study by Levin et al.
(2006) examining the motivations of cocaine and
marijuana users found that motivation varied
depending on the type of substance used (38).
The results obtained from the study show a
significant  difference  between the total
aggression scores with all subscales and
traumatic event history, domestic violence,
childhood neglect experiences, self-harm
behaviors, suicide attempts, the presence of
substance use in family and environment and the
amount of substance use among individuals who
are under probation due to methamphetamine
use. In a study in 2009, it was found that children
with a history of substance use in their parents
are more likely to exhibit problematic behaviors
(39). In a study examining the relationship
between childhood trauma and aggression, it was
reported that individuals exhibit aggressive
behaviors to get rid of negative emotions (40).
Gomez, in a study in 2011 examining the effect of
childhood experiences on violent behavior in
young adults, suggests that childhood traumatic
experiences result in suicide attempts and
involvement in violence-related crimes in
adulthood (41).

The intricate and multifaceted connections
between substance use and psychiatric or
behavioral disorders have been a subject of
significant interest for a long time and remain an
active area of investigation, given the well-
established impact of substances on user
behavior. The connection between substance
use and aggressive or impulsive behaviors is of
particular significance. According to the results of
the study, as the aggression scores of
probationers increase, their levels of severity of
addiction also increase. In a study conducted by
Akan et al. (2019) for probationers, it is
emphasized that practices that will reduce the
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level of aggression and change the view of
violence are very important rather than imposing
sanctions on men who commit violence (42). In a
study in 2016, examining the relationships
between anger, depression, anxiety, and
addiction severity in substance users, a positive
correlation between BPAQ and API subscales
was observed (43). It was found that as BPAQ
scores increase, there is an increase in the
subscale scores related to the impact of
substance use on life, the intense desire for
substance use, and motivation to quit substance
use. Our findings are parallel with previous
studies. It is observed that there is a significant
difference between API high-risk substance use
rates and total aggression scores, as well as
scores for physical aggression, verbal
aggression, hostility, and anger sub-dimensions
among probationers. Additionally, it was
determined that the total aggression and sub-
dimension scores of probationers with high
addiction severity were higher than those of
probationers with moderate addiction severity. As
the severity of addiction increases, health
problems and problems in work and social life
also increase. As the cost of substance use
increases in the individual's life, acceptance of
the problem may be more likely. However, it is
thought that some of the probationers in the
study may have experienced a decrease in the
severity of addiction because some of them
started probation measures within the first 3 days
after the penal institution and some of them
started probation measures after Alcohol and
Substance Abuse Treatment Center (AMATEM)
treatment. Therefore, it can be said that
treatment or execution is effective in reducing the
severity of addiction. Another explanation for the
low addiction severity data obtained from our
study could be that the participants were unable
to respond to the questions impartially. It is
considered possible that individuals under
probation, whose judicial processes have not yet
been finalized, may have provided biased
answers out of fear that their probation might be
terminated due to violations. Some limitations of
our study should be acknowledged. Firstly, the
assessment of aggression levels and substance
use characteristics relied on self-report measures,
which may be subject to recall bias or social
desirability bias. Secondly, the sample size was
limited, which may affect the generalizability of
the findings. Thirdly, there was a smaller number
of female participants compared to male
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participants, which may limit the generalizability
of the results to the broader population

CONCLUSION

In conclusion, methamphetamine is considered
more dangerous due to its high potential for
dependence, acute complications, and long-term
neurotoxicity. Additionally, our findings suggest
that methamphetamine increases aggression
and leads to similar outcomes among
individuals under probation. It is noteworthy that
individuals who use methamphetamine may not
disclose accurate information about their usage
patterns, levels, and durations to avoid disclosure
and exclusion, leading to lower reported
dependence levels but higher risk usage.
Therefore, incorporating forensic/analytical
toxicological approaches alongside subjective
reports could provide more reliable and concrete
information about substance use. Furthermore,
given the increased suicide risk among
methamphetamine users with a history of past
treatment, family and environmental substance
use, and probation, comprehensive evaluations
for addiction and suicide risk are essential to
decrease these risks. Moreover, understanding
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FoxM1 inhibition by Thiostrepton downregulates DNA damage response genes,
enhancing sensitivity of breast cancer cells to therapy

Thiostrepton ile FoxM1 inhibisyonu, DNA hasar yanit genlerini baskilayarak meme
kanseri hlicrelerinin tedaviye duyarliligini artirir
Funda Demirtas Korkmaz! Zekeriya Duzgun? Fadime Mutlu Icduygu?
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ABSTRACT

Aim: Chemotherapy resistance, often linked to the development of resistance against genotoxic agents,
is a major obstacle in cancer treatment. FoxM1, a transcription factor frequently overexpressed in
malignancies such as breast cancer, is strongly associated with genotoxic therapy resistance. The aim
of this study is to conduct a comparative analysis of the effects of thiostrepton (THIO), a FoxM1 inhibitor,
on the DNA damage response in HUVEC cells (non-malignant) and MDA-MB-231 breast cancer cells
(malignant)

Materials and Methods: THIO's impact on cell viability were evaluated in both cell lines using the MTT
assay. Oxidative DNA damage levels were measured with the 8-OHdG kit, and apoptosis was assessed
using the Caspase 3 ELISA kit. The expression levels of DNA damage response genes (BRCA-1,
DNAPKC, FOXM1, RAD51, MRE11 and XRCC1) were analyzed by RT-PCR.

Results: MDA-MB-231 cells exhibited greater sensitivity to the cytotoxic effects of THIO than HUVEC
cells. In HUVEC cells, THIO caused a significant increase in oxidative DNA damage, whereas no such
effect was observed in MDA-MB-231 cell lines. Conversely, breast cancer cells showed a significant
increase in Caspase 3 levels. RT-PCR results revealed a marked downregulation of DNA damage
response genes, particularly BRCA-1, DNAPKC, MRE11, FOXML1, and XRCC1, in both cell types.

Conclusion: THIO has been shown to inhibit FoxM1 expression and downregulate DNA damage
response genes in both malignant and non-malignant cells, demonstrating its potential to enhance the
sensitivity of breast cancer cells to therapy by disrupting DNA repair pathways. However, its potential to
induce oxidative damage in non-malignant cells underscores the need for further comprehensive studies
to validate its therapeutic efficacy and assess its safety in normal tissues.

Keywords: FoxM1, resistance to chemotherapy, Thiostrepton, breast cancer, DNA damage response

This study was presented as an oral presentation at the 11th International Medicine and Health Sciences
Research Congress (UTSAK), held on December 24-25, 2022, in Ankara.

oz

Amac: Kemoterapi direnci, genellikle genotoksik ajanlara karsi direng gelisimiyle iliskilendirilir ve kanser
tedavisinde 6nemli bir engel teskil eder. FoxM1, meme kanseri gibi malignitelerde sik¢a asiri eksprese
edilen ve genotoksik tedavi direnci ile gii¢lii bir sekilde iliskili olan bir transkripsiyon faktériidir. Bu
calismanin amaci, FoxM1 inhibitérii olan thiostrepton'un (THIO) malign olmayan HUVEC hiicreleri ile

malign MDA-MB-231 meme kanseri hiicrelerinde, DNA hasar yaniti lizerindeki etkilerini kargilastirmali
olarak analiz etmektir.
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Gereg ve Yontem: THIO'nun hiicre canliigi lizerine etkileri her iki hiicre hattinda MTT testi kullanilarak
degerlendirildi. Oksidatif DNA hasar seviyeleri 8-OHAG kiti ile bl¢iiliirken, apoptoz seviyeleri Caspase 3
ELISA kiti ile belirlendi. DNA hasar yanit genlerinin (BRCA-1, DNAPKC, FOXM1, RAD5, MRE11, ve
XRCC1) ekspresyon diizeyleri RT-PCR ydntemiyle analiz edild.

Bulgular: THIO’nun, MDA-MB-231 hiicrelerinde HUVEC hiicrelerine kiyasla daha belirgin sitotoksik etki
gosterdigi gézlendi. HUVEC hlicrelerinde THIO, oksidatif DNA hasarinda anlamli bir artisa neden
olurken, MDA-MB-231 hlicrelerinde bu tiir bir etki gézlenmedi. Buna karsin, meme kanseri hiicrelerinde
Caspase 3 seviyelerinde belirgin bir artis saptandi. RT-PCR analizleri, DNA hasar yanit genlerinin,
ozellikle BRCA-1, DNAPKC, MRE11, FOXM1, ve XRCC1'’in ekspresyonunda her iki hiicre hattinda
anlamli bir diigtis oldugunu gésterdi.

Sonug¢: THIO, hem malign hem de malign olmayan hiicrelerde FoxM1 ekspresyonunu inhibe ederek
DNA hasar yaniti genlerini baskilamis ve DNA onarim yollarini bozarak meme kanseri hlicrelerinin
tedaviye duyarliligini artirma potansiyeli sergilemistir. Bununla birlikte, malign olmayan hiicrelerde
oksidatif hasar olusturabilme potansiyeli, bu ajaninin terapétik etkinliginin dogrulanmasi ve normal
dokular lizerindeki giivenliginin degerlendirilmesi igin daha kapsamli aragtirmalarin gerekliligine isaret

etmektedir.

Anahtar sézciikler. FoxM1, kemoterapi direnci, Thiostrepton, meme kanseri, DNA hasar yaniti

INTRODUCTION

Breast cancer ranks among the most prevalent
cancers affecting women globally (1). The triple-
negative breast cancer (TNBC) subtype is
particularly challenging due to its poor prognosis,
frequent recurrences, and limited treatment
options (2). TNBC tumors are typically more
sensitive to chemotherapy, but less responsive to
targeted therapy than other breast cancer
subtypes. Consequently, individuals diagnosed
with TNBC face a greater likelihood of distant
metastasis, shorter overall survival, and higher
mortality rates  (3). The diverse molecular
characteristics and absence of specific
therapeutic targets in TNBC present major
obstacles for treatment development. Despite
progress in understanding TNBC biology and
discovering potential therapeutic targets, there
remains a substantial need for effective therapies
for TNBC patients.

Numerous studies have indicated that the FoxM1
transcription factor is critical in fostering resistance
to chemotherapies that inflict DNA damage, and
can facilitate the development of drug resistance if
its activation or expression becomes aberrant
(4,5). FoxM1 orchestrates DNA repair processes
by regulating the transcription of various genes
involved in detecting, mediating, signaling, and
repairing DNA damage (6,7). FoxM1 has been
shown to promote DNA repair by regulating the
transcription of its direct target, EXO1, which helps
protect ovarian cancer cells from apoptosis
induced by cisplatin (8). Cells lacking FoxM1 show
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reduced levels of XRCC1l and BRCA2 gene
expression. Additionally, phosphorylation of
FoxM1 by checkpoint kinase 2 (Chk2) occurs in
response to DNA damage (6). Notably, studies
have shown that FoxM1 indirectly stabilizes the
MRN subunits, which are essential for the
homologous recombination repair process (5).
Given its pivotal role in the DNA damage
response, FoxM1 is a key regulator of genotoxic
resistance and presents a promising target for
therapies designed to overcome resistance to
genotoxic agents

Thiazole antibiotics like Thiostrepton (THIO) and
Siomycin A are known to reduce mRNA and
protein levels of FoxM1, leading to cell death by
inhibiting its transcriptional activity (9,10). THIO is
a natural thiopeptide antibiotic isolated from
Streptomyces species and is used in veterinary
applications to prevent bacterial infections (11,12).
In addition to its antibacterial properties, THIO
exhibits anticancer activity by inducing apoptosis,
autophagy, and proteotoxic stress (13,14). THIO
is also a specific inhibitor of the FoxM1
transcription factor, which is overexpressed in
cancer cells. It has been shown that THIO directly
or indirectly suppresses cancer cell proliferation
through FoxM1 inhibition, reduces the metastatic
ability of cancer cells by preventing epithelial-
mesenchymal transition, and inhibits tumor growth
(15-17). Although THIO has been reported to
have important effects in cancer studies, its
cytotoxic and genotoxic effects on non-malignant
healthy cells are unknown.
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The current study aimed to explore and contrast
the cytotoxic and genotoxic responses of HUVECs
and MDA-MB-231 cells when exposed to THIO.
By evaluating cell viability, DNA damage
responses, and apoptotic changes, we intended to
clarify whether THIO exerts different effects on
healthy endothelial cells and aggressive breast
cancer cells. Comprehending these differential
impacts may be paramount in assessing the
therapeutic possibilities of using THIO to inhibit
FoxM1 and overcome resistance to genotoxic
agents.

MATERIALS AND METHODS

Cell culture and test chemicals

This study utilized MDA-MB-231 cells, which are a
malignant breast cancer cell line, and HUVEC
cells, representing a non-malignant cell line. Both
cell types were grown in RPMI 1640 medium,
which was enriched with 10% fetal bovine serum
(FBS, sourced from the US), 100 units/mL of
penicillin, and 100 ug/mL of streptomycin. The
cultures were kept at 37°C in an atmosphere with
5% CO2, ensuring their optimal growth and
maintenance. THIO was procured from Enzo Life
Sciences and dissolved in DMSO to prepare a 10
mg/ml stock solution, with the required dilutions
made for all experiments. DMSO (Dimethyl
sulfoxide) was obtained from Sigma-Aldrich (St.
Louis, MO, USA).

Cell viability assay

The assessment of cell viability was carried out
using the MTT assay. Cells were seeded at a
concentration of 5x10°2 cells in each well of 96-well
plates, followed by exposure to different THIO
concentrations (1.25uM-40 pM) at 37°C for
durations of 24 and 48 hours. At the highest
concentration of THIO applied to the cells, the
DMSO percentage was 0.67%, which remains
below 1% and is widely considered safe for most
cell lines in terms of cytotoxicity. Notably, the
highest concentration of DMSO was used in our
control group. After completing the treatment,
MTT solution (5 mg/ml) was added to each well
and incubated for 3—4 hours. Following incubation,
the medium was carefully removed, and 100 yL of
DMSO was added to each well to dissolve the
formazan crystals. The plates were subsequently
placed on an orbital shaker for 5 minutes, and the
absorbance was measured utilizing a
spectrophotometer. The viability of control cells
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(those not treated with THIO) was designated
100%, and the viability of the cells exposed to
THIO was expressed as a percentage relative to
this control.

Real-time PCR analysis

Following a 24-hour treatment with 5 yM THIO,
total RNA was extracted by employing TRIzol
reagent (Invitrogen), with slight modifications to
the originally published protocol (Chomczynski
and Sacchi, 1987). The purity and concentration
of the RNA were assessed using a Nanodrop
spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA). Complementary DNA
(cDNA) was subsequently synthesized utilizing a
cDNA Reverse Transcription Kit (Thermo Fisher
Scientific, Waltham, MA, USA). Real-time PCR
amplification was executed using a light cycler
instrument (Bio-Rad) with HOT FIREPoI
EvaGreen qPCR Mix Plus (no ROX)
(SolisBioDyne, Inc.). Primers specific to BRCAL,
DNAPKC, FoxM1, H2AX, MRE11, RAD51, and
XRCC1 genes were designed with Oligo7
software, and their sequences were as follows:
BRCALl forward primer -
GACAGGCTGTGGGGTTTCTC; BRCAL reverse
primer - TCACACTTTGTGGAGACAGGT;
DNAPKC forward primer -
TAGGGGAAAGCCATTGCCAG; DNAPKC
reverse primer - GGGATCACTCAGGTAAGCCG;
FoxM1 forward primer -
AGGGTCTCCACAATTGCCCG; FoxM1 reverse
primer - CCCAGGGGGAGTTCGGTTTT; H2AX
forward primer - TTCACCGGTCTACCTCGCTA;
H2AX reverse primer -
CGGGCCCTCTTAGTACTCCT; MRE11 forward
primer - GGACGCCGTTCTCTCCC; MRE11l
reverse primer - TGGGACCAGGTTCTTCCTCA,;
RAD51 forward primer -
AGACCGAGCCCTAAGGAGAG; RAD51 reverse
primer - AGTTGCAGTGGTGAAACCCA; XRCC1
forward primer - CCACCAGTGCTCCAGGAAG;
XRCC1 reverse primer -
TGTCCGTGTTCTCATCCGTG. GAPDH served
as the internal reference gene. All experiments
were performed in triplicate. Gene expression
levels were normalized relative to GAPDH (ACt
values), and fold changes in mRNA expression
were quantified employing the 2*-AACt method.

Measurement of 8-OH-dG and Caspase-3
levels in cell lysates

The quantification of oxidative DNA damage was
carried out utilizing the 8-OHdG ELISA kit (BT Lab
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no.: EA0048Hu), whereas caspase 3 activity was
assessed with the caspase ELISA kit (Sunred Bio
Cat N0:201-12-2249). For both measurements,
cells were seeded into 6-well plates at a density of
5x10°5 cells per well. Subsequent to a 24-hour
incubation with 5 pM THIO, the cells were
transferred into sterile tubes and centrifuged. The
cell pellets were then rinsed with phosphate
buffered saline, and cell lysis was achieved
through three successive freeze-thaw cycles.
After centrifugation (2000 rpm for 20 min), the
lysate supernatants were collected and stored at -
20°C. Finally, the analyses were performed based
on the kit instructions, with spectrophotometric
measurements at a wavelength of 450 nm.

Statistical Analysis The statistical differences
observed between the experimental groups and
the control group were evaluated using Student's
t-test (GraphPad Software, Boston,
Massachusetts USA). Statistical significance was
defined as a p-value under 0.05.

RESULTS
Assessment of cell viability

The anti-proliferative effects of THIO on HUVEC
and MDA-MB-231 cell lines were evaluated using
the MTT assay (Figure la, 1b). After incubation
with the specified concentrations of THIO, the
viability of MDA-MB-231 cells dropped below 50%
at distinct concentrations depending on the time of
exposure. At 24 hours, cell viability decreased
below 50% at a concentration of 40 yM, reaching
50.97%. In contrast, after 48 hours of incubation,
cell viability dropped below 50% at a much lower
concentration of 2.5 yM, further emphasizing the
time-dependent inhibitory effects of THIO on cell
viability. In contrast, HUVEC cells exhibited a
dose- and time-dependent decrease in viability,
but the concentrations required to reduce viability
below 50% were higher compared to MDA-MB-
231 cells. At 24 hours, cell viability remained
above 50% at all tested concentrations, with the
lowest recorded viability being 71.24% at 40 pM.
However, after 48 hours, cell viability dropped
below 50% at a concentration of 5 uyM, reaching
30.62%. This highlights the relatively greater
resistance of HUVEC cells to THIO compared to
MDA-MB-231 cells, demonstrating that malignant
cells are more sensitive to THIO.
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Figure-1. Effects of THIO on the cell viability of HUVEC
and MDA-MB-231 cells after 24 hours (a) and 48 hours
(b) of treatment. Data are shown as the mean + SEM
obtained from four separate experiments (*p<0.05,
*p<0.01, and ***p<0.0001).

Evaluation of 8-OhDG and Caspase-3 level in
cell lysates

Figure-2a illustrates the levels of 8-OHdG and
Caspase-3 in lysates derived from HUVEC and
MDA-MB-231 cells that were treated with 5 yM
THIO. The findings revealed that exposure to 5 uM
THIO resulted in a notable increase in oxidative
DNA damage within HUVEC cells (p-value =
0.0496). Conversely, the breast cancer cells
demonstrated a non-significant reduction in
oxidative DNA damage compared to the control (p
=0.5972). As depicted in Figure 2b, treatment with
5 uM THIO did not induce a significant change in
Caspase-3 levels in HUVEC cells. However, a
noticeable increase in Caspase-3 was observed
within the breast cancer cells (p = 0.0072).
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Figure-2. Levels of 8-OHdG (a) and Caspase-3 (b) in
HUVEC and MDA-MB-231 cells treated with THIO for
24 hours. The values are reported as the mean + SD
(*p<0.05, **p<0.01).
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Assessment of DNA Damage Response Gene
Expression

Figure-3 demonstrates the alterations in the
expression patterns of DNA damage response
genes and FoxM1 in both HUVEC and MDA-MB-
231 cells after a 24-hour exposure to 5 yM THIO.
In line with expectations, THIO significantly
reduced FoxM1 expression in both cell lines; the
reduction was more marked in the malignant cell
line, with a 10.10-fold decrease, compared to a
1.82-fold decrease in HUVEC. Notably, THIO's
impact on DNA damage response genes varied
between cell lines. In HUVEC cells, THIO induced
suppression of BRCAL1l, DNAPKC, MRE11, and
XRCC1 expression, with reductions of 3.37-, 2.38-
, 2.01-, and 3.29-fold, respectively. Conversely, in
MDA-MB-231 cells, all assessed DNA damage
response genes (BRCAL1l, DNAPKC, H2AX,
MRE11, Rad51, and XRCC1) experienced
significant downregulation, with fold changes
spanning from 1.52 to 3.04.
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Figure-3. Expression levels of DNA damage response
genes in (a) HUVEC and (b) MDA-MB-231 cells
following treatment with THIO. The mean + SD is used
to present the data (*p<0.05, **p<0.01, and ***p<0.001).

DISCUSSION

This investigation focused on contrasting the
potential of FoxM1 inhibitor THIO in influencing
DNA damage responses across both non-
malignant and malignant cells. Cell viability was
markedly decreased by THIO treatment in both
cell lines, with a clear dependence on both dose
and duration. In various studies evaluating the
cytotoxic effects of THIO, the IC50 value has been
observed to range between 3-10 yM in cancer
cells (18-20). Consistent with the literature, we
found that 2.5-5 yM THIO significantly affected cell
viability, especially after 48-hour treatment.
However, THIO showed a higher cytotoxic effect
on MDA-MB-231 cells than on HUVEC. These
findings suggest that THIO's cytotoxic impact may
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vary in malignant (MDA-MB-231) and non-
malignant (HUVEC) cell lines, with MDA-MB-231
cells displaying higher sensitivity or susceptibility
to THIO. The stronger effect observed in
malignant cell lines such as MDA-MB-231 may
support the idea that THIO could be an effective
agent against cancer cells. However, observing
cytotoxic effects at 48 h of treatment on HUVEC
cells also indicates the need to consider potential
side effects during treatment or the risk of affecting
normal tissues.

Oxidative DNA damage may occur due to various
factors. Free radicals, which are reactive
molecules generated during metabolic processes
or from external sources, such as radiation, certain
chemicals, mitochondrial dysfunction, and
pollutants, can attack DNA molecules and cause
oxidative damage. (21). There are several cellular
pathways responsible for repairing oxidative DNA
damage, such as base excision repair (BER),
single-strand break repair (SSBR), and nucleotide
excision repair (NER)(22). Our findings revealed
that oxidative DNA damage levels were higher in
HUVEC cells compared to malignant MDA-MB-
231 cells. Notably, the malignant cells exhibited no
significant alterations in oxidative DNA damage,
suggesting differential responses to THIO
treatment between the two cell types. Previous
studies have demonstrated that silencing FoxM1
can induce oxidative stress in cells(23,24). In our
study, although THIO treatment significantly
suppressed FoxM1 mRNA expression in both cell
types, itis possible that THIO may have an indirect
effect on oxidative damage and repair in these
cells, independent of FoxM1. Additionally, cancer
cells have been reported to exhibit high ROS-
scavenging activity (23,25), which may contribute
to their ability to mitigate oxidative stress. This
may explain the lack of significant changes in
oxidative DNA damage observed in our study in
malignant MDA MB 231 cells. Furthermore, the
differential metabolic activity and antioxidant
defense mechanisms between malignant and
non-malignant cells could also play a role, as
cancer cells often adapt their redox homeostasis
to support survival under stress. (26). Further
investigations are essential to elucidate the
comprehensive effects of THIO on oxidative DNA
damage and repair pathways, as well as its
implications for therapeutic applications in cancer
and normal cells.

The difference in caspase 3 levels is also
noteworthy. The increased level of caspase 3 in
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breast cancer cells suggests that THIO may
induce apoptosis in these cells. Studies have
shown that THIO induces apoptosis in certain
cancer cell lines (13, 19, 27). This suggests that
THIO may promote apoptosis in these cells,
leading to inhibition of uncontrolled cell growth.
The change in caspase 3 levels in HUVEC cells
was not statistically significant, indicating that
THIO may not effectively activate apoptotic
pathways in these non-malignant cells. This
finding aligns with our cytotoxicity analyses, which
demonstrate that breast cancer cells exhibit a
markedly more sensitive response to THIO
treatment. The exact mechanism by which THIO
affects caspase 3 levels is not yet fully understood.
However, THIO may interfere with specific
pathways or signaling molecules involved in
caspase activation and apoptosis (28).

Our real-time PCR results indicated that THIO
significantly suppressed the expression of
BRCAL1, DNAPKC, MRE11, and XRCC1, which
play a crucial role in the DNA damage response,
in both cell lines. However, we found that H2AX
and RAD51 damage-response genes were also
suppressed in breast cancer cells. THIO, a FoxM1
inhibitor, decreased its expression in both cell
types. Recent studies have revealed that the
oncogenic transcription factor, FoxM1, plays a
pivotal role in chemotherapy resistance
associated with DNA damage. Aberrant activation
or expression of FoxM1 has been shown to
potentially promotes drug resistance (4,5). The
ability of FoxM1l to induce DNA repair
encompasses transcriptional control of a network
of genes involved in detecting, mediating,
signaling, and repairing DNA damage (6,7).
Kuthetuher et al. revealed that targeting FoxM1
using miR-4521 mimics could potentially serve as
a novel therapeutic approach in breast cancer by
modulating the DNA damage response (29).
Wang et al. demonstrated that inhibiting FoxM1,
either through shRNA or FDI-6 inhibitor, sensitizes
BRCA- expressing TNBC cells to the PARP
inhibitor olaparib by reducing DNA damage repair
(30). In another study evaluating the anticancer
effects of niclosamide on prostate cancer, it was
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ABSTRACT

Aim: The GBA1l (ENSG00000177628) gene, a key susceptibility gene in Parkinson’s disease (PD)
and closely linked to Gaucher disease, has garnered significant research attention over the past two
decades. Mutations in GBA1 are associated with an elevated risk of developing PD. This study aims to
elucidate genetic mutations related to PD in a cohort of patients undergoing clinical exome analysis.
We aimed to investigate the clinical and genetic profiles of patients with Parkinson’s disease, focusing
on GBA1 gene mutations and additional neurodegenerative-related genetic alterations.

Materials and Methods: Fourteen patients with a preliminary diagnosis of Parkinson's disease
underwent clinical exome analysis. The research included genetic testing to identify variants of
uncertain significance, likely pathogenic mutations, and pathogenic mutations in the GBA1 gene.
Further genetic alterations were evaluated in patients with positive GBA1 mutation results.

Results: 14 out of 177 diagnosed individuals had GBA1 mutations. The group had 8 men and 6
women with a mean onset age of 53.7 years. Tremor, stiffness, bradykinesia, hypomimia, and postural
instability predominated. Dopamine agonists were often administered for symptoms. Disorders like
depression, anxiety, hypercholesterolemia, and diabetes were frequent. GBA1 gene study found many
missense variants, with the p.Asn409Ser (N370S) mutation being the most common. Four individuals
also had mutations in EIF4G1, APP, and SLC20A2, demonstrating a complex genetic landscape
affecting PD.

Conclusion: Our research highlights PD's genetic diversity, particularly GBA1l mutations' role in
disease onset and progression. Additional genetic variants may worsen PD symptoms. Further
research is needed on these mutations' pathogenicity and consequences on patient care.

Keywords: Parkinson’s disease, GBA1l gene, glucocerebrosidase, clinical exome analysis, motor
symptoms.
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oz

Amag: Parkinson hastaliginda (PH) 6nemli bir duyarlilik geni olan ve Gaucher hastaligiyla yakindan
iliskili olan GBA1 (ENSG00000177628) geni, son yirmi yilda &nemli bir arastirma ilgisi topladi.
GBA1'daki mutasyonlar, PH gelistirme riskinin artmasiyla iliskilidir. Bu ¢alisma, klinik ekzom analizi
geciren bir hasta kohortunda PH ile iliskili genetik mutasyonlari agiklamayr amaglamaktadir. GBA1 gen
mutasyonlarina ve ek nérodejeneratif iliskili genetik degisikliklere odaklanarak Parkinson hastaligi olan
hastalarin klinik ve genetik profillerini arastirmak amaclanmisgtir.

Gereg ve Yéntem: Parkinson hastaligi én tanisi olan on dért hasta klinik ekzom analizinden gecti.
Arastirma, belirsiz 6neme sahip varyantlari, muhtemel patojenik mutasyonlari ve GBA1 genindeki
patojenik mutasyonlari belirlemek igin genetik test igeriyordu. Pozitif GBA1 mutasyon sonuglari olan
hastalarda daha fazla genetik degisiklik dederlendirildi.

Bulgular: Arastirmamiz PH'nin genetik c¢egitliligini, 6zellikle GBA1 mutasyonlarinin hastaligin
baslangicinda ve ilerlemesindeki roliinli vurgulamaktadir. Ek genetik varyantlar PH semptomlarini
kotilegtirebilir. Bu mutasyonlarin patojenitesi ve hasta bakimi (izerindeki sonuglari hakkinda daha
fazla arastirmaya ihtiyag vardir.

Sonug: Teghis konulan 177 kisiden 14'iinde GBA1 mutasyonu vardi. Grupta ortalama baslangi¢ yasi
53,7 yil olan 8 erkek ve 6 kadin vardi. Titreme, sertlik, bradikinezi, hipomimi ve durus bozuklugu
baskindi. Semptomlar icin genellikle dopamin agonistleri uygulandi. Depresyon, anksiyete,
hiperkolesterolemi ve diyabet gibi bozukluklar sikti. GBA1 gen c¢alismasi, p.Asn409Ser (N370S)
mutasyonunun en yaygin oldugu bir¢cok anlamsiz varyant buldu. Dért kiside ayrica EIF4G1, APP ve
SLC20A2 mutasyonlari vardi ve bu da PH'yi etkileyen karmasgik bir genetik manzarayi géstermektedir.

Anahtar sézciikler. Parkinson hastaligi, GBA1 geni, glukoserebrosidaz, klinik ekzom analizi, motor
semptomlar

INTRODUCTION Parkinson's disease and other comparable
illnesses are often linked to glucocerebrosidase

which encode the

Parkinson's disease (PD) is the second-most
common neurodegenerative disorder. Defining
features of PD include bradykinesia with tremor,
rigidity, or postural instability. On the basis of the
pathology, dopaminergic neuron loss in the
substantia  nigra (SN), alpha synuclein
accumulation, and Lewy body formation are
evident (1). Although the majority of cases occur
at random, about 15% of individuals carry a gene
that causes the condition (OMIM; 168600).
Familial and early-onset types are more likely to
be genetic. Disease incidence ranges from 8 to
18 cases per 100,000 people-years. Less than
one percent of those over the age of 60 have PD,
and the prevalence rises with age (1, 2).

There are 33 current PD phenotypes (PS168600)
in OMIM: one third is inherited as an autosomal
recessive form, one form is X-linked, and the
remainder, which constitutes the majority, is
inherited as an autosomal dominant form.
Inheritance associated with the GBA1l gene,
identified as the late-onset PD susceptibility gene
with PMIM number 168600, has been described
as autosomal dominant.

232

(GBA1) gene mutations,
lysosomal enzyme defective in Gaucher disease.
Rare cases of Gaucher disease and their
obligatory carriers showed parkinsonism in the
clinic, revealing this relationship. Findings from
extensive studies indicate that individuals with
PD and Lewy body-related disorders exhibit a
higher prevalence of GBAl mutations when
compared to control subjects (3).

The incidence of the GBA1 mutation in PD varies
between populations. The GBA1l mutation has
been detected in approximately 10-15% of
patients, followed by a diagnosis of PD. The
penetrance of GBA1l mutations and the lifetime
risk of developing PD vary with age. In one study,
the frequency of GBA1 mutation in PD patients
over the age of 80 was approximately 30%, and
in another study, the frequency of mutation in the
GBALl gene in the PD population was around 3%
(4-6).

The risk of PD is increased 20-fold in people with
Gaucher disease. The risk of PD at age 65 is 1%,
S0 20% of people with Gaucher will have PD by
age 65. However, 80% of people with Gaucher's
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disease will not have Parkinson's disease at age
65. People with a GBA1l mutation have a 5-8
times higher risk of PD. 5-8% of people with a
GBA1 mutation will have PD. However, 92—95%
of patients will not have PD by age 65 (4, 7).

GBA1 Gene

A gene-dense area located on chromosome
1921, measuring 7.6 kb, encompasses the GBA1
gene, in addition to nine other genes and two
pseudogenes within a 100-kb segment. Though
the GGCGGG motif is absent from the GBA1l
promoter region, around 250 base pairs
upstream of the ATG start site, there are potential
TATA and CAAT-like boxes.

Within the intergenic space that separates the
GBAl and MTX1 genes are two pseudogenes,
GBA1P and MTX1P. It seems that a duplication
event, about 27-40 million years ago on average,
gave rise to these pseudogenes.

Other animals do not possess these
pseudogenes, with the exception of humans and
primates.

Intronic Alu sequences are found in GBAL, yet
they are absent from the GBA1P gene sequence.
These sequences represent a type of transposon
that has the potential to relocate within DNA
during the course of evolutionary processes.
GBALP exhibits a 96% sequence similarity with
GBA1; however, the lengths of these sequences
are limited to just 5 kb.

Additionally, the pseudogene is delineated from
the GBA1 gene by a deletion of 55 base pairs,
which is flanked by a brief inverted repeat within
exon 9. GCase, a Ilysosomal hydrolase
composed of 497 amino acids, is the functional
protein synthesized by GBA1l through the
process of transcription.

The primary role of GCase involves the
hydrolysis of glucosylceramide into ceramide and
glucose, while also exhibiting the capability to
cleave glucosylsphingosine and possibly other -
glucosides. (Human genome assembly hg38,
chromosome 1, positions 155234452 to
155241249, UCSC Genome Browser version
462)

Effects of GBA1l Gene Mutations on
Glucocerebrosidase Structure and Function

In 2018, over 300 GBA1l gene mutations and
rearrangements  were  discovered. These
mutations and rearrangements were classified
into three types: type I, type Il, and type Il
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Gaucher disease (GD). The term "severe GBA1
mutations" refers to genetic abnormalities that,
when inherited from both progenitors, result in

profound signs of Gaucher disease, more
precisely types Il or |Ill. Subtle genetic
differences, on the other hand, lead to a

manifestation of the disorder that is less severe
when it is passed down in either a homozygous
or compound heterozygous form, which
ultimately results in Gaucher disease type | (8, 9).

Furthermore, certain variants exhibit ambiguous
functions in GD while distinctly serving as risk
factors for PD, with E326K being the most
prominent example. The prevalent mutations
associated with GBA1-related PD include N370S,
L444P, D409H, R120W, V394L, 84insGG,
IVS2+1 G—A, IVS10-4 C—-T, IVS10-1 G>A,
V460V, and R496H (8).

Different GBAl1 mutations affect GCase's
enzymatic activity in their own unique ways.
There are cases when the range of enzymatic
activity seen in moderate and severe GBAl
mutations overlaps, and there are other cases
where the degree of enzymatic activity does not
correlate with the severity of GD. Assessing
GCase activity exclusively within the lysosomal
environment could vyield a more precise
understanding of GCase's true biological role.
Furthermore, factors related to genetics, biology,
or the environment, aside from residual GCase
activity, could influence the severity of the
disease (7, 10).

GBA1l Gene and Potential
Parkinson's Disease

Mechanisms of

GBAl causes neurodegeneration via many
mechanisms. Mazzulli et al. found that
glucosylceramide, a GCase substrate, may
increase a-synuclein and decrease GCase
activity. Regardless of whether they are carriers
of the GBA1 mutation or not, studies show that a-
synuclein overexpression reduces GCase activity
in cell models and animals. PD patients, on the
other hand, have lower GCase levels in brain
tissue, cerebrospinal fluid, and peripheral blood
than controls (10).

GCase inhibitors promote a-synuclein
aggregation in human iPSn neural models.
Recent research suggests a neurotoxic cycle
between a-synuclein and GCase, which may
partly explain GBA1 PD, although the sensitivity
of particular neuron types remains unclear.
Studies have not found elevated
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glucosylceramide  concentrations in GBALl

heterozygotes (7, 10, 11).

Another mechanism by which GBA1 mutations
may lead to PD is through the disorder of ER-
associated degradation and the cell death
associated with ER stress. The buildup of a-
synuclein can lead to endoplasmic reticulum
stress, hinder the degradation of ER-associated
degradation substrates, and disrupt the trafficking
between the endoplasmic reticulum and Golgi
apparatus. Certain genes associated with PD,
including PARK2, are involved in the
endoplasmic reticulum-associated degradation
process, which corroborates this finding (12).

It is highly likely that ER stress and ERAD
contribute significantly to the development of PD.
In this context, the detection of ER involvement in
experiments with certain mutated forms of GCase
indicates that ER stress may contribute to the
pathogenesis of PD in individuals carrying
specific GBA1 mutations. Mutated GCase has
been observed to interact with parkin, facilitating
the accumulation of GCase (12). The proposed
processes are called into question by the fact that
certain mutations, such as 84GG, IVS2+1,
R359X, and others, increase the likelihood of
developing PD yet do not produce a protein
product. The ER stress noted in models
exhibiting GBA1 mutations may stem from the
buildup of a-synuclein, rather than from GCase
itself. =~ GBA1 mutations may enhance
susceptibility to PD through multiple pathways,
with each mechanism potentially playing a role in
the progression of the disease (7, 10, 13). The
precise mechanism underlying this relationship
remains ambiguous. In conclusion, it is proposed
that there are interactions involving a-synuclein,
lysosomal dysfunction, endoplasmic reticulum
stress, and ceramide metabolism.

Synucleinopathies and the GBA1 Gene
GBA1-REM Sleep Disorder

The majority of individuals with REM Sleep
Behavior Disorder (RBD) are predisposed to
developing synucleinopathies, including PD,
Dementia with Lewy Bodies (DLB), or Multiple
System Atrophy (MSA). Numerous similarities
exist between GBAl-associated PD and RBD-
associated PD (14-16).

Patients with PD who possess GBA1 mutations,
as well as those with REM sleep behavior
disorder (RBD), exhibit accelerated advancement
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of nonmotor symptoms, including autonomic
dysfunction,  cognitive  deterioration,  and
dementia. Research consistently corroborates
the association between GBAl1 and RBD (14,
17).

GBA1-Lewy Body Dementia

Research indicates that the prevalence of GBAl
mutation carriers is elevated in individuals with
DLB, and there exists an inverse correlation
between GBA1l mutations and the severity of
Alzheimer's pathology. While it indicates that
GBAl mutations may play a role in the
emergence of synucleinopathies, the underlying
mechanism of this association is still not well
understood. Nonetheless, it is probable that
lysosomal dysfunction plays a significant role,
given that multiple lysosomal genes such as
SCARB2, SMPD1, and MCOLN1 have been
linked to DLB (14, 18, 19).

GBA1-Multiple System Atrophy

Most likely because MSA is so uncommon, the
association between GBA1l mutations and the
disease is less solid. In six of the eight
investigations done, no correlation was seen
between GBA1 variations and MSA. The most
extensive worldwide MSA clinical investigation to
date, undertaken at Columbia University with
Ashkenazi Jews, identified a correlation between
GBALl and MSA (8, 17); (20-23).

Methodology in GBA1 Gene Mutations

In 2022, studies indicated around 500 mutations
associated with Gaucher disease, with a
predominant occurrence of missense variants
arising from single nucleotide variants (SNVs)
(24, 25). The identification of GBA1l mutations
occurs 6.9 kb upstream, exhibiting an overall
homology of 96% to GBAL. The presence of a
pseudogene, specifically GBA1P1, located
downstream, presents a significant challenge.
The percentage rises to 98% within the area
extending from intron 8 to the 3-UTR,
characterized by five identical segments, each
exceeding 200 base pairs. The presence of high
homology facilitates non-allelic homologous
recombination events between GBAl1 and
GBAL1P1, resulting in a diverse array of structural
variants (SVs) (26, 27).

GBA1-MTX1 and its Pseudogenes

Gauchian, a novel GBA1 browser for lllumina
WGS data that can discover SVs and SNVs
inside GBA1, performed differently from BWA-
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GATK analysis utilizing ONT-targeted
sequencing in 2022, proving its confirmatory
validity (28). BWA-GATK: Burrows-Wheeler
Aligner (BWA) read-mapper with Broad Institute
Genome Analysis Toolkit (GATK). A revised ONT

amplicon sequencing workflow can identify
reciprocal recombinants, indels, and
homopolymer alterations in coding exons.

lllumina WGS data are now reliably analyzable,
and GBAl analysis can make ONT-targeted
sequencing cost-effective (28).

GBA1 Meta Analysis

A meta-analysis indicated that the GBA1 variant
frequency was markedly elevated in the DLB
group compared to the control group, as were the
frequencies of L444P (p. Leu483Pro), N370S (p.
Asn409Ser), and E326K, but the variant
frequency of T369M was Research indicates no
significant difference between the groups;
however, in patients with DLB, those with the
GBAL1 variant exhibit an earlier onset age and a
lower Montreal Cognitive Assessment score
compared to the non-GBA1 variant group, with
no gender differences observed among GBAl
variant-positive DLB patients (8, 19, 25).

Clinical Applications—Diagnosis, Counseling
and Treatment

Despite the extensive research evidence
available in recent years, GBA1 PD has not
significantly impacted patient care. Genetic
testing is not now the normal procedure in PD
clinical follow-up (4, 7, 29).

After the initiation of precision medicine clinical
trials aimed at GBA1 mutation carriers, patients
want to ascertain their genotypes. Numerous
studies are now being conducted for the
treatment of GBA1-PD in patients
(Clinicaltrials.gov).

At present, ambroxol hydrochloride, a small
molecular chaperone demonstrated to augment
brain GCase activity in murine and primate
models, is under evaluation as a potential
therapeutic option (30, 31).

Ambroxol, first discovered via a library screening
of FDA-approved chemicals, is now undergoing
clinical studies for PD (clinicaltrials.gov identifier:
NCT02941822-completed-April-2020) and PD
with  dementia  (clinicaltrials.gov  identifier:
NCT02914366-Active-August 2022).

Despite indicating a potentially favorable future,
the efficacy of these medicines in alleviating
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symptoms has not yet been conclusively shown
(32). Although GBAL1's limited penetrance makes
it difficult to advise GBA1l mutant carriers, the
vast majority of these individuals will not develop
synucleinopathy (33).

Although a definitive correlation exists between
GBA1 and PD, there are no established genetic
counseling guidelines that specifically outline how
to handle this matter with GBA1l mutation
carriers, particularly the relatives of those
diagnosed with GBA1 PD. Some individuals who
carry GBA1l mutations can determine their
genetic status through prenatal testing or during
the screening of their infants for Gaucher disease
(34).

MATERIALS AND METHODS
Patient Selection

For this study, we recruited a cohort of fourteen
patients who had received a preliminary
diagnosis of PD. Neurologists evaluated the
clinical features consistent with PD to select the
patients. The Umraniye Research and Training
Hospital Ethics Committee (Approval No.
257254374) granted ethical approval for the
study, and all patients provided informed consent
for genetic testing.

Demographic, Clinical and Laboratory Profile
of Patients

In the study, various demographic, clinical and
laboratory parameters of Parkinson's patients
with GBA1l gene mutation were examined,
including gender, age of disease onset, presence
of mutation in another gene, presence of
concomitant diseases such as diabetes-
cholesterol, neurological findings and symptoms
(tremor, hypomimia, bradykinesia, etc.). These
parameters contributed to systematic evaluation
to understand their relationship with outcomes.

Genetic Testing

We extracted DNA from peripheral blood
samples using standard procedures (e.g.,
QIAamp DNA Blood Mini Kit, Qiagen).
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Figure-1: Categorization of Parkinson's disease patients. n: Number of patients.

We performed clinical exome sequencing (CES)
to identify genetic variants associated with PD.
We carried out CES using lllumina NextSeq,
following the manufacturer's protocol. The Sophia
DDM platform aligned the sequencing data to the
human genome reference (GRCh38) for variant
calling and annotation.

Next-generation sequencing was performed
using the prepared DNA library and capture
probes hybridized to a Celemics Target
Enrichment Kit (Celemics, Korea) in a buffer to
capture the retina panel of interest. After capture
and washing, the captured library was amplified
using post-PCR. Finally, the PCR products were
sequenced using the NextSeq platform from
lllumina Inc. The average depth of coverage of
the panel was more than 200-fold.

Single nucleotide variations and small insertion-
deletion variants were identified using the
Genome Analysis Toolkit (GATK) 3.0 best
practice and annotated using ANNOVAR.
Variants with a variant allele fraction of less than
0.35 for heterozygous and 0.85 for homozygous
were filtered. Copy number variation analysis
was also performed for all target genes using the
Celemics pipeline. We used several public
databases including the Genome Assembly
Database (gnomAD), the National Heart, Lung,
and Blood Institute (NHLBI) Exome Sequencing
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Project, and the Korean Reference Genome
Database to identify common variants.

Variants in genes that cause disease in an
autosomal dominant manner were filtered using
an allele frequency filter threshold of <0.01%.
The filter threshold for autosomal recessive
variants was set at <0.05% in the East Asian
population. In addition, variants previously
reported to cause disease were included as
disease-causing variants even if they had higher
allele  frequencies. Using the  Clinvar
(https://www.ncbi.nlm.nih.gov/clinvar/) and
HGMD (https://www.hgmd.cf.ac.uk/ac/index.php)
databases, variants in genes reported to cause
PD were analyzed.

Variants were excluded if there was insufficient
clinical correlation with the identified genes. To
classify the clinical significance of each variant,
we followed the latest recommendations of the
American College of Medical Genetics and

Genomics  (ACMG) standards for  the
interpretation and reporting of sequence
variations:  Variants  were classified as
pathogenic, likely pathogenic, variants of
uncertain  significance; benign or probably
benign.

Cases with two causative variants in genes with
recessive inheritance patterns, with more than
one pathogenic or likely pathogenic variant, were
included. Cases with pathogenic or likely
pathogenic variants were included in genes with
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dominant inheritance patterns. To assess
whether a pair of variants in a gene occurred in
cis (same copy of the gene) or in trans (different
copies of the gene), we used variant co-
occurrence information in the gnomAD browser
(https://gnomad.broadinstitute.org/variant-
cooccurrence).

GBA1 Gene Mutation Analysis

We focused particularly on identifying mutations
in the GBAL gene, given its established role as a
risk factor for PD. We analyzed both homozygous
and heterozygous alterations in the GBAL gene.
Patients carrying GBA1l variants underwent
further evaluation to assess potential additional
genetic alterations. We used Sanger sequencing
to confirm the presence of GBAl mutations
identified by exome sequencing. To find out what
the identified variants meant for patients, we
used the Sophia program and databases like
Clinvar, HGMD, and gnomAD to annotate and
interpret the variants. We conducted a further
assessment of potential pathogenicity using silico
prediction tools such as PolyPhen-2 and SIFT.

RESULTS

As a result of the evaluation of 177 patients
diagnosed with PD, 14 patients with GBAl
mutation were examined. Alongside GBAl
mutations, clinical exome sequencing identified
mutations in other genes in 4 of the 14 patients.
Two of the four patients had mutations in the
EIF4G1 gene, which are believed to contribute to
autosomal dominant PD; nevertheless, the
gene's function in neurodegeneration linked to
PD remains inadequately understood (35).
Furthermore, one patient exhibited an APP gene
mutation linked to early-onset autosomal
dominant Alzheimer's disease, while another
patient presented an SLC20A2 gene mutation
responsible for familial brain calcification.

Within  our group, Table-1 provides a
comprehensive collection of information on the
patients, including the mean age of onset (AO) of
the illness, the gender ratio, Parkinson's
symptoms, and other disorders. In accordance
with what is shown in Table 1, the research
concentrated mostly on the non-autonomic
(motor) symptoms of the condition. The majority
of the patients had classic Parkinson's
symptoms, which include tremor (shaking),
rigidity (muscle stiffness), bradykinesia (slowing
down of movements), hypomimia (decreased
facial expression), and postural instability
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(balance issues). These symptoms were noticed
in the majority of patients. In order to ease the
motor symptoms that the patients were
experiencing, dopamine agonists were often
administered. Furthermore, depression and
anxiety, which are commonly  noted
independently of motor symptoms and have a
substantial impact on the quality of life of the
patients, were detected in two individuals in
addition to these characteristic symptoms. During
the same time period, 66.6% of the patients were
found to have excessive cholesterol levels as
well as diabetes. On the other hand, this high
prevalence might be attributed to the short cohort
size or the high average age of patients.

Table-1. Demographic data of patients with mutations
detected in the GBAL gene.

Patient Characteristics Percentage
Sex 84,69
Mean AOO + SD 53,7 +9,9
Tremor 33,30%
Postural Instability 16,60%
Hypomimia 50,00%
Bradykinesia 50,00%
Rigidity 33,30%
Psychiatric Symptoms 33,30%
Cholesterol 66,60%
Diabetes 66,60%
Benign Prostatic Hyperplasia 50%

(AOOQO: Age of onset of disease, SD: Standard
deviation)

The results of the investigation and
categorization of mutations on the GBAL gene in
PD patients are shown in Table 2. It can be seen
from the table that patients have a variety of
mutations that are situated in different exons. The
most frequent sort of mutation is known as a
missense mutation, which means that it results in
the production of an erroneous amino acid in the
structure of the protein by the modification of a
single nucleotide. Out of the fourteen patients,
only one of them had a frameshift mutation. One
such mutation that was found in a large number
of patients was the p.Asn409Ser mutation. It is
estimated that the majority of patients possess
the mutation in a heterozygous (HET) form,
which indicates that the mutation is only present
on one chromosome rather than both. One
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patient was classed as "LP" (Likely Pathological),
and one patient was classified as "PAT"
(Pathological). In terms of categorization,
numerous mutations were rated as "VUS"
(Variant of Unknown Clinical Significance), and
one patient was described as "Pathological.” The
fact that this is the case suggests that there are

varying degrees of ambiguity about the possible
pathogenic implications of the mutations.
Additionally, it was shown that the mutation was
inherited in an autosomal dominant (OD) manner
in each of the fourteen individuals who were
included in the cohort.

Table-2. Analysis and Classification of Mutations in the GBA1 Gene in PD Patients

Patient Nucleotide

Number  Coordinate Change  Exon c.DNA
P1 Chr1: 155205634  T>C  Exon10 c1226A>G
P2 Chr1: 155205634  T=C Exon9  c1226A=G
P3 Chr1: 155205634  T-C Exond  c1226A>G
P4 Chr1: 155205634  T=C Exon9 ¢ 1226A=G
PS Chr1: 165207203 T=>C Exon7  c928A>G
P6 Chr1: 155205043  A=G  Exon10 c.1448T>C
P7 Chr1: 155207249  A=C 7 C882T=G
P8 Chr1: 155208388 - exond  ¢508C-T
P9 Chr1: 155206193 AG»A  Exon8  c 1066del
P10 - - - C.1448T=C
P11 Chr1: 165205518  C>G Exon9  c1342G-C
P12 Chr1: 155205634 T>=C Exon9  c1226A=G
P13 Chr1:155205634  T>C Exon9 ¢ 1226A>G
P14 Chr1: 155207925 c.161A=C

Sex

Mutation
Protein Type  HET/HOM Classification Heredity
p(Asnd095er)  missens - - 0D
p.(Asnd095er) missens  HET VUS oD
p(Asnd09Ser) missens  HET VUS 0D
p.(Asn4095er) missens  HET MP 0D
p.(3er310Gly) missens  HET VUS 0D
p(Levd83Pro)  missens  HET VUS 0D
p.(His294GIn)  missens  HET VUS 0D
p(Argi70Cys) missens  HET PAT oD
p.(Leu356Tipfs*8) frameshift ~ HET - oD
p(leud83Pro) missens  HET VUS oD
p.(Asp448His) missens  HET VUS 0D
p.(Asn4095er) missens  HET VUS oD
p(Asnd09Ser) missens  HET VUS oD
p.(Lys254Thr) missense  HET VUS 0D

the mean age of onset (A0O)

B Female W Male

Figure-2. Percentage of women and men in the cohort

238

BUnder65yearsold M Over 65 years old

Figure-3. Percentage of age at onset of PD
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Mutation Type

W Missens M Frameshift

Figure-4. Mutation type percentages of PD patients in
the cohort

B patients with mutations in other genes B Patients with GBA mutations

Figure-5. Percentage of PD patients with mutations in
the GBA1 gene and other genes

SLC20A2
25%

EIF4G1
50%

MEFAG1 mAPP MSLC20A2

Figure- 6. Percentage of mutations in genes other
than GBAL in PD patients.
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DISCUSSION

Many studies on the correlation between GBA1l
gene mutations and PD have been conducted
and are still being conducted worldwide. This
study contributes to the existing evidence by
identifying GBA1 mutations including pathogenic,
likely pathogenic and variants of uncertain
significance (VUS) in 14 patients diagnosed with
PD. The findings attempt to highlight the complex
role of GBA1 mutations in the pathogenesis of
PD and demonstrate the clinical and genetic
diversity observed in GBAl-associated PD.

The prevalence of the p.Asn409Ser (N370S)
mutation in heterozygous form is a significant
observation in our cohort, affecting the majority of
patients. This variant is linked to a mild form of
Gaucher disease (GD) and an elevated risk of
PD, as noted in prior literature. The role of this
factor in PD is ambiguous, despite its
classification as pathogenic in Gaucher disease
(GD), particularly since heterozygous carriers
exhibit a relatively early age of onset for PD. The
mean age of onset in our cohort was 53.7 years,
partially aligned with prior studies indicating that
GBAl-associated PD manifests earlier than
idiopathic PD (36). The variability in age of onset
and clinical presentation among GBA1 mutation
carriers indicates the impact of additional genetic
and environmental factors on disease
progression.

In our study, in addition to motor symptoms,
psychiatric findings such as depression and
anxiety, which affected approximately one-third of
the patients, were also observed in GBA1l
mutation carriers. The findings align with earlier
research indicating that non-motor symptoms,
including cognitive decline and psychiatric issues,
are prevalent among GBA1-PD patients (37,38).
The prevalence of metabolic comorbidities, such
as hypercholesterolemia and diabetes, in two-
thirds of patients indicates that GBA1 mutations
exert a broader systemic impact. Prior research
indicates that lysosomal dysfunction in GBA1-PD
could influence metabolic processes; however,
the precise mechanisms remain unclear (39).

Our investigation also discovered mutations in
additional genes, including EIF4G1, APP, and
SLC20A2, which are associated with various
neurological illnesses. The existence of these
mutations indicates a complex etiology in certain
patients, wherein GBA1 mutations may interact
with other genetic variations to affect PD
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progression (40). Importantly, APP, which is
linked to Alzheimer's disease, and EIF4G1, which
is linked to autosomal dominant PD, suggest
possible shared mechanisms between PD and
other neurodegenerative disorders (41).

The established association between GBA1
mutations and PD indicates a need for further
investigation into the wunderlying pathogenic
mechanisms, which are not yet fully understood.
A well-known hypothesis proposes that
decreased glucocerebrosidase (GCase) activity
leads to lysosomal dysfunction and the resulting
accumulation of a-synuclein in vital organelles, a
characteristic feature of PD. This accumulation
may create a feedback loop, in which a-synuclein
further inhibits GCase activity, worsening
neurodegeneration (42). Further research is
necessary to clarify these mechanisms and to
investigate whether GBAL1-PD constitutes a
distinct subtype of the disease or exists on a
continuum with idiopathic forms.

Clinically, finding PD-related GBAl mutations
could pave the way for more effective precision
treatment. Ambroxol hydrochloride and other
small molecule chaperones show promise in
improving GCase function and potentially
reducing PD progression (43). Ongoing clinical
trials are evaluating treatments targeting GCase
activity. One obstacle, though, is that genetic
counseling does not yet have established
standards. Due to partial penetrance, not all
carriers of GBA1 mutations will get PD, which
makes genetic counseling and risk assessments
more challenging (44).

CONCLUSION

This work emphasizes the critical significance of
GBA1l mutations in the development of PD,
underscoring the necessity for thorough clinical
care techniques that encompass both motor and
non-motor symptoms in afflicted patients. Our
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Yetigkin bireylerin hipertansiyondan korunmaya yonelik tutumlar ve etkileyen
faktorlerin incelenmesi

Investigation of adults' attitudes towards protection from hypertension and affecting
factors
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0z
Amag: Bu arastirma yetiskin bireylerin hipertansiyondan korunmaya yoénelik tutumlari ve etkileyen
faktorlerin incelenmesi amaciyla yapilmisgtir.

Gere¢ ve Yontem: Tanimlayici ve kesitsel tipteki ¢alisma, Ocak- Haziran 2023 tarihleri arasinda
Aksaray Egitim ve Arastirma Hastanesi dahiliye polikliniklerine (kardiyoloji, endokrinoloji, romatoloji,
nefroloji, gastroenteroloji, gégus vb.) gesitli nedenlerle bagvuran 18 yas ve Uzeri ve hipertansiyon
tanisi olmayan 525 bireyle ydrGtilmastiur. Arastirmadaki verileri, “Birey Tanmitim Formu” ve
“Hipertansiyondan Korunma Tutumlar Olgegi (HKTOY’ ile yiiz yiize gdriismeyle toplanmistir. Verilerin
degerlendiriimesinde, iki ortalama arasindaki farkin dnemlilik testi, tek yonli varyans analizi ve ¢oklu
dogrusal regresyon modelinden yararlaniimigtir.

Bulgular: Calismaya katilan bireylerin %44,4’iiniin yasi 18-30 araliginda olup, %52,8'i kadin, %60’
evli, %39,2’si Universite mezunu ve %57,9'unun gelirlerinin giderlerine esit oldugu bulunmustur.
Calismaya katilan bireylerin %66,3’U kendisini hipertansiyon agisindan riskli grupta gérmedidi,
%60,4’U4nun hipertansiyonu 6nlemek ile ilgili editim alma isteginin oldugu ve %76,2’sinin saglik
kontrollerine zamaninda gittigi bulunmustur. Katiimcilarin HKTO toplam puan ortalamasinin
105,67+12,44 oldugu bulunmustur. Katilimcilarin HKTO toplam puani ile degiskenler olarak kurulan
¢oklu dogrusal regresyon modeli Gizerinde; medeni durum, egitim durumu, gelir durumu, ruhsal durum,
hipertansiyon acgisindan risk grubunda yer alma dusuncesi ve saglik kontrollerine gitme durumunun
istatistiksel agidan anlamli bir etkisinin oldugu bulunmustur. Hipertansiyondan korunma tutum &lgegi
puanlari Gizerinde istatistiksel olarak anlamli etkiye sahip olan degiskenler arasinda en ylksek etkiye
sahip olan degiskenin egitim dlzeyi (standardize edilmis B katsayisi=-0,201) oldugu bulunmustur.

Sonug: Katilimcilarin hipertansiyondan korunma tutumlari Uzerinde bazi sosyodemografik ve
saglik/hastalik degiskenlerinin etkisinin oldugu belirlenmigtir. Hipertansiyondan korunmaya yodnelik
tutumlarin olumlu ydnde gelismesi icin bireylere hipertansiyona yodnelik bireysel egitimlerin
dizenlenmesi ve oOzellikle risk altindaki gruplarin farkindaliginin  saglanmasinin ~ dnemli
oldugu disunilmektedir.

Anahtar Sozcukler: Hipertansiyon, tutum, etkileyen faktorler
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ABSTRACT

Aim: This research was conducted to examine the attitudes of adults towards prevention of
hypertension and the factors affecting it.

Materials and Methods: The descriptive and cross-sectional study was carried out with 525
individuals aged 18 years and above and without a diagnosis of hypertension who applied to the
internal medicine outpatient clinics of Aksaray University Training and Research Hospital between
January and June 2023 for various reasons (cardiology, endocrinology, rheumatology, nephrology,
gastroenterology, chest, etc.). The data in the research were collected through face-to-face interviews
with the "Individual Introduction Form" and the "Attitudes towards the Prevention of Hypertension
(ASPH)". Significance test of the difference between two means, one-way analysis of variance and
multiple linear regression model were used to evaluate the data.

Results: It was found that 44.4% of the individuals participating in the study were between the ages of
18-30, 52.8% were women, 60% were married, 39.2% were university graduates, and 57.9% had
income equal to their expenses. It was found that 66.3% of the individuals participating in the study did
not see themselves in the risk group for hypertension, 60.4% had a desire to receive training on
preventing hypertension, and 76.2% went to health check-ups on time. It was found that the total
mean score of ASPH of the participants was 105.67+12.44. It was found that marital status, education
status, income status, mental status, the idea of being in the risk group in terms of hypertension and
going to health checkups had a statistically significant effect on the multiple linear regression model
established as variables with the scale total score of the participants. It was found that among the
variables that had a statistically significant effect on the prevention of hypertension attitude scale
scores, the variable with the highest effect was the level of education (standardized (8 coefficient=-
0.201).

Conclusion: It was determined that some sociodemographic and health/disease variables had an
effect on the participants' attitudes to prevent hypertension. It is thought that it is important to organize
individual training on hypertension for individuals and to raise awareness of groups at risk in order to
develop attitudes towards prevention of hypertension in a positive way.

Keywords: Hypertension, attitude, affecting factors.

alanlarin sadece %20,7’sinin kan basincinin
kontrol altinda oldugu saptanmistir (5). Yapilan
projeksiyonlara goére ise, 2030 yilinda 23 milyon

GIRIS
Hipertansiyon (HT), surekli yiksek kan basinciyla

kendini gbsteren, toplumda yaygin gdrilen
sistemik bir hastalik olup, ayni zamanda ciddi
komplikasyonlara neden olabilen énemli bir halk
sagligr sorunudur (1,2). Dinya genelinde 30-79
yaslari arasindaki tahminen 1,28 milyar yetigkin
hipertansiyona sahip oldugu belirtiimektedir (3).
Ulkemizde hipertansiyon prevalansi ile ilgili ilk
genis kapsamli calisma olan “Turk Erigkinlerinde
Kalp Hastaliklari ve Risk Faktorleri (TEKHARF)”
calismasinda hipertansiyon prevalansinin %33,7
oldugu, vyas ilerledikge prevalansin arttig
saptanmigtir (4). Tdrk Hipertansiyon Prevalans
Calismasinda (Prevalence, awareness and
treatment of hypertension in Turkey, PatenT) ise,
erigskin yas grubunda hipertansiyon prevalansi
%31,8 ve daha sonra yapillan PatenT2
calismasinda %30,3 olarak bulunmustur (5,6).
Ayrica, hipertansiyonlu  hastalarin  sadece
%40,7’sinin  hastaliklarinin  farkinda oldugu,
%31,1’inin antihipertansif tedavi aldigi ve tedavi
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kardiyovaskuler 6lumin hipertansiyon ile iligkili
olacagd! ve bu dlimlerin %85’inin digslk ve orta
gelirli Glkelerde gergeklesecegi bildirilmektedir
(7).

Hipertansiyon sikhdi yagla birlikte artmakla olup,
etkileyen faktorler arasinda cinsiyet, etnik kdken,
ailede hipertansiyon dykusu, diyabet veya bdbrek
hastalig1 gibi eglik eden hastalik gibi faktdrlerin
yaninda; fiziksel hareketsizlik, sagliksiz beslenme
(dusuk meyve ve sebze tuketimi, asiri tuz alimi,
doymus yag ve trans yaglardan zengin diyet),
asiri kilolu ya da obez olma, titin ve alkol
tuketimi gibi degistirilebilir risk faktorleri yer
almaktadir (2,3). Bununla birlikte, hipertansiyonu
olan yetigkinlerin tahminen %46'si hipertansiyon
olduklarindan habersiz oldugu bilinmektedir (3).
Hipertansiyonun farkina varilmamasi ya da etkili
tedavi edilmemesi nedeniyle bireyler énlenebilir,
ancak Olumcul olabilen koroner kalp hastaligi,
iskemik ve hemorajik inmenin yaninda kalp
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yetmezligi, periferik damar hastaligi, bdbrek
yetmezligi ve gdérme bozukluklari agisindan
artmis riske sahiptirler (8).

Hipertansiyon bireylerin yasam tarzina dikkat
etmesi sonucunda kontrol edilebilen hastaliklar
arasinda yer almaktadir. Hipertansiyon riskini
azaltmak icin hastaliklar ve semptomliari
hakkinda bilgi edinme, mevsime uygun sebze ve
meyve tuketme, normal vicut agirligina sahip
olma, stresi azaltma ve ydnetme, kan basincini
dizenli olarak kontrol etme, fiziksel hareket etme,
tuz tiketimini  kisittama, doymamis yag
grubundan zengin sivi yaglari tercih etme,
yuksek tansiyon tedavisi ve diger tibbi durumlarin
yonetimi alkol ve titin kullanmamadir (3,9,10).
Hipertansiyon riskinin azaltilmasiyla bireyde
gelisebilecek bdbrek hasari, inme ve kalp krizinin
yani sira diger saglk sorunlarini da dnleyebildigi
bulunmustur. Bu nedenle, bireyin saghkh yasam
biciminde  davraniglarini  aligkanlik  haline
dénlstirmesi, iyilik halini slrdirmesi ve saglk
durumunun iyi olmasiyla kronik hastaliklar
azaltilabilr ya da engellenebilir oldugu
gorulmektedir (11). Bununla birlikte, Glkemizde
yetiskin bireylerin hipertansiyondan korunmaya
yonelik tutumlar ile etkileyen faktorlere iligkin
yeterince veri bulunmamakta olup, bu konuda
herhangi bir c¢alismaya rastlanmamistir. Bu
calismada yetigkin bireylerin hipertansiyondan
korunmaya ydnelik tutumlari ve etkileyen
faktdrlerin incelenmesi amaciyla yapiimistir.

GEREG ve YONTEM
Arastirmanin Amaci ve Tipi

Tanimlayici ve Kkesitsel tipteki bu arastirma,
yetiskin bireylerin hipertansiyondan korunmaya
yonelik tutumlari  ve etkileyen faktorlerin
incelenmesi amaciyla yapilmistir.

Arastirmanin Yeri ve Orneklemi

Calismanin  6rneklemini Ocak-Haziran 2023
tarihleri arasinda Aksaray Egitim ve Arastirma

Hastanesi dabhiliye polikliniklerine (kardiyoloji,
endokrinoloji, romatoloji, nefroloji, gastroen
teroloji, g6gus vb.) herhangi bir nedenlerle

basvuran; 18 yas ve Uzeri, hipertansiyon tanisi
olmayan, bilissel ve fiziksel saglik durumlari
toplama formlari cevaplamaya uygun ve
arastirmaya katilmaya goéndlli olan bireylerden
olusmaktadir. Orneklemi dahil ediime kriterlerine
sahip ve arastirmaya katilmaya goénulli olan 525
yetiskin  birey  olusturmustur.  Arastirmanin
orneklem  blydkligini  hesaplamak igin,
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Cochran'in  bilinmeyen &érneklem buyukligi
formdli  kullanilarak  minimum 6rneklem p =,50
ve 4 =0,50 icin %5 hata ile 384 kiside olarak
hesaplanmigtir. Degiskenler arasindaki iligkinin
daha iyi gorulebilmesi amaciyla c¢alisma 525
birey ile tamamlanmistir.

Veri Toplama Araglari

Arastirmadaki verileri “Birey Tanitim Formu” ve
“Hipertansiyondan Korunma Tutumlar Olgegi
(HKTO)” yuz yiize gérisme teknigi kullanilarak
toplanmistir.

Birey Tanitim Formu: Bu form, ilgili literatir
(2,9,10) bilgileri 1s1ginda arastirmacilar tarafindan
olusturulmustur. Form bireye yodnelik; vyasi,
cinsiyeti, medeni durumu, egitim durumu, sosyal
glvencesi, gelir durumu, kronik hastalik durumu,
hipertansiyon hakkinda bilgisi gibi hipertansiyon
ve hipertansiyondan korunmaya  yonelik
sorulardan olusmaktadir.

Hipertansiyondan Korunma Tutumlan Olgegi
(HKTO): Hipertansiyondan Korunma Tutumlari
Olgegi, Albayrak ve Sengezer tarafindan 2022
yilinda gelistirilmistir  (12). Hipertansiyondan
Korunma Tutumlari Olgedi 26 madde ve 5
faktorden olusmakta olup, olgegin 15. ve 20.
sorulari olumsuz oldugu igin tersten puanlanarak
degerlendiriimektedir. Olcekte bulunan faktorler
ve maddeleri:1. Korunma ve kontrol (1, 4, 7,10,
13, 18, 22, 25. Soru), 2. Aligkanlik ve yasam sekli
(6, 12, 17, 21, 24, 26. Soru), 3. Beslenme tutumu
(5, 11, 16, 20. Soru), 4. Ruhsal durum ve fiziksel
aktivite (3, 9, 15. Soru) ve 5. Hastalik ve risk
bilgisi (2, 8, 14, 19, 23. soru) seklinde vyer
almaktadir. Her madde “Hi¢c katilmiyorum-
Kesinlikle katihyorum” seklinde 5’li  Likert
puanlanmistir (12). Olgekten 26-130 arasi puan
alinabilmekte olup, hipertansiyondan korunma
tutumlariyla dlcek skorlari arasinda pozitif bir iligki
oldugu sdylenebilir. Olgegin Cronbach alfa degeri
0,91 bulunmustur.

istatistiksel Analiz

Verilerin degerlendiriimesi, SPSS (Statistical
Packagefor Social Science for Windows 22.0,
IBM Corp., Armonk, NY, USA) programi
kullanilarak yapilmigtir. Sosyodemografik, saglik
ve hipertansiyon hastaligi ile ilgili degiskenlerin
Olcek boyutlari ve toplam puanlarina gore
istatistiksel agidan anlamli bir farkliik goésterip
gOstermediginin  degerlendiriimesinde hipotez
testlerinden faydalaniimigtir. Veri setinin normal
dagihm gdstermesi ve gozlem sayisinin yiksek
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olmasi sebebiyle parametrik test ydntemleri
kullanilmigtir.  Degigkenlerden  iki  kategorili
olanlarin  degerlendiriimesinde iki ortalama

arasindaki farkin énemlilik testinden, ikiden fazla
kategorisi olan degdiskenlerin degerlendiriime
sinde ise tek yonli varyans analizinden
yararlanilmigtir.  Tek yoénli varyans analizi
sonucunda istatistiksel agidan anlamli bulunan
farklihgin hangi grup/gruplardan kaynaklandiginin
belirlenmesinde ise Tukey HSD post-hoc testi
kullanilmigtir.  Farklihgi  yaratan grup/gruplar
tablolar icerisinde koyu renkle belirtiimistir.
Parametrik testlerden faydalanildigi icin merkezi
edilim ve yayginlk Olgisi olarak ortalama ve
standart sapma ile tablolarda  bilgiler
Ozetlenmigtir. Hipotez testleri sonucuna goére
(toplam puan icin) anlamli ¢ikan degiskenler
bagimsiz degiskenler olarak, 6lgegin toplam
puani da bagimh degisken olarak kurulan ¢oklu
dogrusal regresyon modeline bu bdlimde yer
verilmistir. Sonuglar, %95 guven araliginda,
p<0,05 anlamlilik dizeyinde degerlendirilmigtir.

Aragtirmanin Etik Yonu

Calisma, Helsinki Bildirgesi'nin etik standartlarina
uygun olarak ydrttdlmastar.  Arastirmanin
yuritilebilmesi icin  Aksaray Universite’sinin
insan Arastirmalari Etik Kurulu'ndan (Karar
no:142-SBKAEK/2022/21-07, Tarih:22/12/2022)
izin alinmistir Ayni zamanda galismanin yapildigi
Aksaray Egitim ve Arastirma Hastanesi'nden
kurum izni (Karar sayi: E-74114513-929,
Tarih:26/12/2022) ve olgek sahibinden kullanim
izni alinmistir. Ornekleme dahil edilen bireylere
calisma oncesinde arastirmanin amaci
aciklanmis ve onamlari alinmistir.

BULGULAR

Calismaya katilan bireylerin %44,4’Gndn yag! 18-
30 araliginda olup, %52,8i kadin, %601 evli,
%39,2’si Universite mezunu ve yaridan fazlasinin
(%57,9) geliri giderine esit  bulunmustur.
Katilimcilarin %62,1’inin sigara kullanmadigi ve
%87,8'inin alkol kullanmadidi  saptanmistir.
Calismaya katilan bireylerin %62,7’sinin ailesinde
hipertansiyon hastasinin olmadigi, %66,3’Unun
kendisini hipertansiyon acgisindan riskli grupta
gormedigi, %60,4’Gnun hipertansiyonu 6nlemek
ile ilgili egitim alma istedinin oldugu ve
%76,2’sinin sagdlik kontrollerine zamaninda gittigi
bulunmustur (Tablo-1).

Katihmcilarin HKTO toplam puan ortalamasinin
105,67+12,44 oldugu bulunmustur. Katilimcilarin
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HKTO alt boyutlarina gére puan ortalamalari
karsilastinildiginda ise; koruma ve kontrol alt
boyutu puan ortalamasi 33,46+4,15, aliskanlik ve
yasam sekli alt boyutu puan ortalamasi
24,28+3,23, beslenme tutumu alt boyutu puan
ortalamasi 15,39+2,90, ruhsal durum ve fiziksel
aktivite alt boyutu puan ortalamasi 12,66+2,03 ve
hastalik ve risk bilgisi alt boyutuna iliskin puan
ortalamasinin 19,88+3,17 oldugu tespit edilmistir
(Tablo-2).

Tablo-3'te hipertansiyon gelisiminin énlenmesine
iliskin tutum olgeginin alt boyutlari ve toplam
puaninin sosyodemografik ve saglik degiskenlere
gore farkhlik gosterip gostermedidi incelenmistir.
Buna gore, dlgedin toplam puaninin cinsiyet,
medeni durum, yas, egitim durumu, gelir durumu,
alkol kullanimina, tuzdan kaginma, sebze-meyve
tiketimi, gunlik egzersiz ve genel ruh hali
degiskenlerine goére istatistiksel agidan anlamli
bir farklilik gosterdigi bulunmustur (p<0,05). Buna
gére, kadinlarin erkeklere, evlilerin bekarlara,
Universite mezunlarinin diger mezunlara, geliri
giderine esit olanlarin diger gelir gruplarina ve
alkol kullanmayanlarin alkol kullananlara goére
daha yuksek puan aldigi gériltrken, 18-30 yas
grubundakilerin diger yas grubundakilere, lise
mezunlarinin diger mezunlara ve geliri giderin
fazla olanlarin diger gelir gruplarina gére daha
disik puan aldigi gorilmustir. Ayni sekilde,
tuzdan kacginanlarin kaginmayanlara, gunde iki
porsiyon sebze-meyve tuketenlerin digerlerine,
glnlik egzersiz yapmayanlarin yapanlara ve
genel ruh hali uyumlu olanlarin digerlerine gére
daha yuksek puan aldigi gérulirken, gunlik tg¢
ve daha fazla sebze-meyve tliketenlerin
digerlerine gdére daha distk puan aldigi
gorulmuastar (Tablo-3).

Tablo-4'te hipertansiyon gelisiminin énlenmesine
iliskin tutum d&lgeginin alt boyutlari ve toplam
puaninin  hipertansiyon  hastaligi ile ilgili
degdiskenlere gore farkliik gdsterip géstermedigi
incelenmistir. Olgegin toplam puaninin; ailede
hipertansiyon tanisi alanlarin varligt,
hipertansiyon  risk  grubunda yer alma,
hipertansiyon 6nleme konusunda egitim alma
istegi ve saglik kontrollerine gitme degiskenlerine
gore istatistiksel acgidan anlamli bir farklilik
gosterdigi  bulunmustur (p<0,05). Buna gdre,
hipertansiyon tanisi almis yakinin varliginin
almayanlara, hipertansiyon risk grubunda yer
alanlarin almayanlara, hipertansiyon &nleme
egitim talebinde bulunanlarin bulunmayanlara ve
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saghk kontroline gidenlerin gitmeyenlere gore
daha ylksek puan aldigi gériimustur (Tablo-4).

Hipotez testleri sonucuna gore (toplam puan igin)
anlamh c¢ikan degiskenler bagimsiz degiskenler
olarak, 6lgegin toplam puani da bagimh degisken
olarak kurulan ¢oklu dogrusal regresyon modeli
Tablo 5'te yer almaktadir. Katiimcilarin HKTO
puanlari Gzerinde medeni durum, egitim durumu,
gelir durumu, ruhsal durum, hipertansiyon
acisindan risk grubunda yer alma duslncesi ve
saglik kontrollerine gitme durumunun istatistiksel
acidan anlamli bir etkisinin oldugu bulunmustur.
Buna gobre, bekar bireylerin hipertansiyondan
korunma dizeylerinin evli bireylere kiyasla daha
diisiik oldugu gérilmustir. ilkégretim ve alti ile
lise mezunu olan bireylerin Universite mezunu
olan bireylere gbére hipertansiyondan korunma
tutum puanlarinin  daha az oldugu tespit
edilmistir. Gelir diizeyi giderlerine gore daha fazla
olan katihmcilarin diger katilimcilara kiyasla

hipertansiyondan korunma tutumlarinin daha
yuksek oldugu gortlmustir. Ruhsal durumu &fkeli
ve stresli olan bireylerin ruhsal durumu uyumlu
olan bireylere kiyasla hipertansiyondan korunma
tutum  duzeylerinin  daha dustk oldugu
saptanmistir. Katiimcilar arasinda kendisini
hipertansiyon agisinda riskli grupta gérmeyen
kisilerin  hipertansiyondan  korunma  tutum
Olgegine iliskin puanlarinin riskli grupta gérenlere
kiyasla daha az oldugu bulunmustur. Son olarak
katihmcilar arasinda tavsiye edilen saglk
kontrollerine gitmeyen bireylerin de
hipertansiyondan korunma tutum duzeylerinin
daha dusik oldugu sonucuna ulasiimistir.
Hipertansiyondan korunma tutum &lgegi puanlari
Uzerinde istatistiksel olarak anlaml etkiye sahip
olan degiskenler arasinda en yuksek etkiye sahip
olan degiskenin ise egditim dlzeyi (standardize
edilmis B katsayisi=-0,201) oldugu bulunmustur
(Tablo-5).

Tablo-1. Katilimcilarin Bazi Sosyodemografik ve Hastalik/Saglik Ozellikleri (n=525)

Ozellikler

Yas

18-30

31-40

41-50

51 yas ve lzeri
Cinsiyet

Kadin

Erkek

Kilo

45-60 kg

61-75 kg

76 kg ve uzeri

Medeni durum

Evli

Bekar

Egitim durumu
iIkdgretim ve alti

Lise

Universite

Gelir durumu
Geliriniz giderinizden fazla
Geliriniz giderinize esit
Geliriniz giderinizden az

Sigara kullanimi
Yok
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n %
233 44,4
109 20,8
121 23,0
62 11,8
277 52,8
248 47,2
109 20,8
203 38,7
213 40,6
315 60,0
210 40,0
142 27,0
177 33,7
206 39,2
118 22,5
304 57,9
103 19,6
326 62,1
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Var 199 37,9
Alkol kullanimi

Yok 461 87,8
Var 64 12,2
Saglk giivencesi

Evet 443 84,4
Hayir 82 15,6
Diizenli ilag kullanma durumu

Evet 109 20,8
Hayir 416 79,2
Kronik hastalik durumu

Evet 94 17,9
Hayir 431 82,1
Giinliik beslenmede tuzdan kaginma durumu

Evet 262 49,9
Hayir 263 50,1
Ginliik en ¢ok tiiketilen yag

Sivi yag 467 89,0
Kati yag 58 11,0
Giinliik tiiketilen sebze ve meyve porsiyonu

Bir porsiyon 336 64,0
iki porsiyon 130 24,8
Uc ve fazlasi 59 11,2
Giinliik egzersiz yapma durumu

Evet 150 28,6
Hayir 375 71,4
Genel ruh hali ifadesi

Ben genelde ¢ok 6fkeliyim 91 17,3
Ben ¢ok stres yaparim 198 37,7
Ben ¢ok uyumluyum 236 45,0
Ailede hipertansiyon hastasi olma durumu

Evet 196 37,3
Hayir 329 62,7
Hipertansiyon tanisi olan akraba ile ayni evde yagsama durumu

Evet 92 17,5
Hayir 433 82,5
Hipertansiyon risk grubunda yer aldigini diisiinme

Evet 177 33,7
Hayir 348 66,3
Hipertansiyonu onleme konusunda egitim alma istegi

Evet 317 60,4
Hayir 208 39,6
Tavsiye edilen saglik kontrollerine gitme durumu

Evet 400 76,2
Hayir 125 23,8
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Tablo-2. Katilimcilarin Hipertansiyondan Korunma Tutumlari Olgegine (HKTO) iliskin Puan Ortalamalari (n=525)

Hipertansiyondan Korunma Tutumlar Olgegi (HKTO) Ort. SSs Min. Maks.
Koruma ve kontrol 33,46 4,15 8,00 40,00
Aligkanlik ve yasam sekli 24,28 3,23 11,00 30,00
Beslenme tutumu 15,39 2,90 5,00 20,00
Ruhsal durum ve fiziksel aktivite 12,66 2,03 3,00 15,00
Hastalik ve risk bilgisi 19,88 3,17 6,00 25,00
HKTO Toplam 105,67 12,44 48,00 130,00

Tablo-3. Hipertansiyon Gelisiminin Onlenmesine iligkin Tutum Olgeginin Sosyodemografik ve Saglik Ozelliklerine
Gore Karsllagtiriimasi

Demografik Boyut 1 Boyut 2 Boyut 3 Boyut 4 Boyut 5 Toplam Puan
Ozellikler
X+SS X+SS X+SS X+SS X+SS X+SS
Cinsiyet
Kadin 33,86+£3,61 24,84+2,87 15,82+2,67 12,90+1,82 20,08+3,05 107,51£11,14
Erkek 33,00+4,65 23,64+3,49 14,92+3,07 12,39+2,21 19,65+3,30 103,60£13,52
t=2,375 t=-4,291 t=3,601 t=2,882 t=1,581 t=3,631
p=0,018* p<0,001* p<0,001* p=0,004* p=0,114 p<0,001*
Medeni durum
Evii 34,14+£3,40 24,67%3,01 15,90+2,74 12,83+1,87 20,29+2,98 107,84+11,02
Bekar 32,43+4,91 23,67+3,46 14,62+2,98 12,4042,22 19,24+3,35 102,36+13,76
t=4,703 t=3,500 t=5,061 t=2,391 t=3,753 t=5,037
p<0,001* p=0,001* p<0,001* p=0,017* p<0,001* p<0,001*
Yas
18-30 Yas 32,43+4,88 23,71+3,53 14,73%3,04 12,35%+2,32 19,17+3,40 102,37+14,05
31-40 Yas 34,18+3,28 25,02+2,98 16,07+2,69 13,07%1,64 20,40+2,85 108,75£10,53
41-50 Yas 34,19£3,48 24,70+2,94 15,87+2,76 12,85+1,83 20,39+3,14 108,02+11,43
51 Yas ve Uzeri 34,60+2,74 24,26+2,65 15,71+£2,47 12,75+1,66 20,58+2,28 107,89+7,61
F=9,036 F=5,137 F=7,655 F=3,837 F=7,186 F=10,216
p<0,001* p=0,002* p<0,001* p=0,010* p<0,001* p<0,001*

Egitim durumu
ilkdgretim ve alti 33,43+3,42 24,19+2,98 15,63+2,65 12,56+1,94 19,70+2,91 105,51+11,02

Lise 33,05+4,22 23,63%3,34 14,82+2,97 12,47+2,07 19,4613,30 103,43112,88

Universite 33,82+4,53 24,89%3,20 15,7242,94 12,90£2,03 20,35%3,18 107,68112,76
F=1,663 F=7,534 F=5,301 F=2,356 F=4,048 F=5,632
p=0,191 p=0,001* p=0,005* p=0,096 p=0,018* p=0,004*

Gelir durumu

Geliri giderinden 32,77+4,61 23,63%3,68 14,97+3,64 12,28+2,38 19,46+3,34 103,10£14,15
fazla

Geliri giderine esit  33,79+3,67 24,45%2,93 15,61+2,71 12,78+1,86 20,06+2,82 106,71£10,93
Geliri giderinden 33,26+4,83 24,50+3,45 15,22+2,84 12,76+2,03 19,79+3,85 105,54+14,21
az

F=2,713 F=3,095 F=2,345 F=2,740 F=1,607 F=3,586
p=0,067 p=0,046* p=0,097 p=0,066 p=0,202 p=0,028*
Kilo (Kq)
45-60 kg 33,10+4,15 24,55+3,12 15,86+2,74 12,87+1,89 19,44+3,19 105,83+12,24
61-75 kg 33,40+£3,93 24,22+3,29 15,18+2,75 12,50+2,21 19,83+2,97 105,13+12,32
76 kg ve uzeri 33,69+4,36 24,18%3,23 15,35+£3,10 12,71+1,90 20,14+3,33 106,08+12,75
F=0,769 F=0,507 F=1,971 F=1,268 F=1,826 F=0,317
p=0,464 p=0,602 p=0,140 p=0,282 p=0,162 p=0,729
Sigara kullanimi
Yok 33,56+4,10 24,58+3,06 15,56+2,91 12,66+1,98 19,89+3,17 106,28+12,21
Var 33,27+4,24 23,77+3,44 15,10+2,86 12,65+2,10 19,84+3,18 104,65+12,84
t=0,779 t=2,823 t=1,768 t=0,040 t=0,180 t=1,454
p=0,437 p=0,005* p=0,078 p=0,968 p=0,857 p=0,147
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Alkol kullanimi

Yok 33,62+3,76  24,37+3,12 15,50+2,80 12,73+1,93 19,92+3,06 106,15+11,67

Var 32,25+6,19 23,58+3,89 14,62+3,45 12,17+2,57 19,51+3,88 102,14+16,81
t=2,493 t=1,845 t=2,265 t=2,073 t=0,970 t=2,424
p=0,013* p=0,066 p=0,024* p=0,039* p=0,332 p=0,016*

Saghk giivencesi

Evet 33,44+4,04 24,24+3,25 15,47+2,94 12,60+2,05 19,85+3,20 105,611+12,39

Hayir 33,561+4,75 24,46+3,11 14,96+2,63 12,98+1,91 19,98+3,06 105,95+12,90
t=-0,246 t=-0,575 t=1,456 t=-1,595 t=-0,357 t=-0,221
p=0,806 p=0,566 p=0,146 p=0,113 p=0,722 p=0,825

ilag kullanimi

Evet 33,86+3,32 24,09+3,11 15,35+2,70 12,79+1,90 20,30%3,14 106,40+11,09

Hayir 33,3544,34 24,32+3,26 15,40+2,95 12,63+2,06 19,76+3,17 105,47+12,81
t=1,337 t=-0,682 t=-0,181 t=0,821 t=1,588 t=0,757
p=0,183 p=0,496 p=0,857 p=0,413 p=0,114 p=0,450

Kronik hastalik

Evet 33,33£3,99 24,05+3,33 15,51+2,69 12,58+1,94 20,02+3,25 105,50+12,15

Hayir 33,4814,19 24,32+3,21 15,36+2,94 12,68+2,05 19,84+3,16 105,70+12,55
t=-0,338 t=-0,717 t=0,466 t=-0,424 t=0,480 t=-0,143
p=0,736 p=0,475 p=0,642 p=0,672 p=0,632 p=0,886

Tuzdan kacinma

Evet 33,89+£3,73 24,61+3,02 15,88+2,58 12,65+1,98 20,02+3,02 107,06+11,54

Hayir 33,02+4,50 23,94+3,40 14,90+3,11 12,67+2,07 19,73+3,31 104,26+13,20
t=2,412 t=2,362 t=3,893 t=-0,072 t=1,058 t=2,576
p=0,016* p=0,019* p<0,001* p=0,943 p=0,291 p=0,010*

Sebze-meyve

tilkketimi

Bir porsiyon 33,36+3,99 24,43+3,13 15,50+2,83 12,74+1,93 19,93+3,10 105,97+12,01

iki porsiyon 34,14%+3,63 24,24+3,31 15,36+3,01 12,58+2,17 20,24+2,97 106,57+11,97

Ug ve fazlasi 32,4715,67 23,46+3,52 14,84+3,05 12,35+2,22 18,74%3,75 101,88+15,28
F=3,559 F=2,306 F=1,274 F=1,062 F=4,748 F=3,196
p=0,029* p=0,101 p=0,280 p=0,347 p=0,009* p=0,042*

Tiiketilen yag

Sivi yag 33,47+4,21 24,36+3,24 15,52+2,88 12,74+1,97 19,90+3,09 106,01+12,49

Kati yag 33,31+3,66 23,56+3,08 14,34+2,85 12,00+2,32 19,62+3,77 102,84+11,93
t=0,318 t=1,835 t=2,961 t=2,346 t=0,557 t=1,898
p=0,751 p=0,071 p=0,004* p=0,022* p=0,579 p=0,062

Giinliik egzersiz

Evet 32,9944 42 23,75+3,30 15,08+3,08 12,42+2,20 19,41+3,47 103,65+13,21

Hayir 33,64+4,03 24,49+3,18 15,51+2,81 12,76+1,94 20,06+3,02 106,47+12,07
t=-1,557 t=-2,343 t=-1,466 t=-1,739 t=-2,030 t=-2,260
p=0,121 p=0,020* p=0,144 p=0,083 p=0,043* p=0,025*

Genel ruh hali

Ofkeliyim 32,1245,05 23,32+3,36 14,28+3,07 12,29+2,23 19,43+2,83 101,42+13,11

Stresliyim 32,88+44,23 23,83+3,45 15,19+2,84 12,52+2,10 19,42+3,28 103,83+12,96

Uyumluyum 34,4613,42 25,01+2,81 15,99+2,74 12,92+1,86 20,43%3,12 108,83+10,96
F=14,148 F=12,476 F=12,679 F=3,970 F=6,626 F=15,767
p<0,001* p<0,001* p<0,001* p=0,019* p=0,001* p<0,001*

*: p<0,05 anlamhilik

Tablo-4. Hipertansiyon Hastaligi ile ilgili Degiskenlere Gére Hipertansiyon Gelisiminin Onlenmesine liskin Tutum
Olgeginin Karsilastiriimasi

Demografik Boyut 1 Boyut 2 Boyut 3 Boyut 4 Boyut 5 Toplam Puan
Ozellikler

X£SS X+SS X+SS X£SS X+SS X1SS
Ailede HT
tanisi alma
durumu
Evet 33,96+4,07 24,67+2,92 15,68+2,80 13,16+1,71 20,70+2,89 108,17+10,92
Hayir 33,16+4,18 24,04+3,38 15,2242,95 12,374+2,14 19,38+43,23 104,16+13,09
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t=2,159 t=2,273
p=0,031* p=0,023*

HT tanih

yakinla ayni

evde yasama

Evet 33,86+3,32 24,09+3,11

Hayir 33,35%4,34 24,32+3,26
t=0,995 t=0,452
p=0,322 p=0,652

HT risk

grubunda yer

alma

Evet 34,26+4,10 24,80+2,68

Hayir 33,05%+4,12 24,01+3,45
t=3,190 t=2,655
p=0,002* p=0,008*

HT onleme

eqgitim isteqi

Evet 34,06+3,42 24,53+2,96

Hayir 32,54+4,94 23,88+3,58
t=4,146 t=2,251
p<0,001* p=0,025*

Saglik

kontrollerine

gitme

Evet 34,01+£3,55 24,46+3,07

Hayir 31,6945,30 23,66+3,65
t=5,611 t=2,433
p<0,001* p=0,015*

t=1,780
p=0,076

15,35+2,70
15,40+2,95

t=-0,041
p=0,968

15,85+2,63
15,16+3,00

t=2,699
p=0,007*

15,45+2,69
15,30+3,20

t=0,565
p=0,572

15,561+2,82
15,013,111

t=1,613
p=0,108

t=4,394
p<0,001*

12,79+1,90
12,63+2,06

t=1,732
p=0,086

13,12+1,85
12,43+2,07

t=3,854
p<0,001*

12,77+1,86
12,50+2,25

t=1,448
p=0,148

12,89+1,83
11,94+2,43

t=4,628
p<0,001*

t=4,840
p<0,001*

20,30+3,14
19,76+3,17

t=1,845
p=0,067

20,81+2,64
19,40+3,31

t=4,935
p<0,001*

20,15%2,92
19,46+3,48

t=2,437
p=0,015*

20,11£3,01
19,12+3,54

t=2,831
p=0,005*

t=3,772
p<0,001*

106,40+11,09
105,47+12,81

t=1,199
p=0,233

108,83+10,71
104,04+12,99

t=4,230
p<0,001*

106,96+£10,73
103,70£14,52

t=2,953
p=0,003*

106,99+11,32
101,42+14,84

t=4,436
p<0,001*

*: p<0,05 anlamlilik; HT: Hipertansiyon

Tablo-5. Katilimcilarin HKTO lliskin Puanlarini Etkileyen Faktorlerin Coklu Dogrusal Regresyon Analizi

Degiskenler

Sabit katsayi
Yas
Cinsiyet (referans grup: erkek)

Medeni durum (referans grup: bekar)
Egitim durumu (referans grup: ilkdgretim ve
altr)

Egitim durumu (referans grup: lise)

Gelir durumu (referans grup: gelirim
giderimden fazla)

Gelir durumu (referans grup: gelirim
giderime esit)

Gunluk beslenmede tuzdan kaginma
durumu (referans grup: hayir)

Gunluk sebze ve meyve tuketimi (referans
grup: bir porsiyon)

Standardize
Edilmemis B
Katsayisi

147,401
0,070
-0,722
-3,613

-5,628
-4,492

-3,481

-0,120

-0,851

2,542
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Standardize
Edilmis Beta
(B) Katsayisi

0,073
-0,029
-0,142

-0,201
-0,171

-0,117

-0,005

-0,034

0,098

t

10,387
1,303
-0,498
-2,811

-4,001
-3,782

-2,171

-0,091

-0,802

1,566

VIF

0,000

0,193 2,036
0,619 2,203
0,005 1,663
0,000 1,637
0,000 1,322
0,030 1,878
0,928 1,784
0,423 1,179
0,118 2,548
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Gunlik sebze ve meyve tiketimi (referans

grup: iki porsiyon) 2,247
Gunlik egzersiz yapma durumu (referans 1771
grup: hayir) !
Sizi en iyi anlatan ruhsal durum (referans

grup: ofkeli) -4,343
Sizi en iyi anlatan ruhsal durum (referans

grup: stresli) -4,811
Ailede hipertansiyon hastasi olma durumu 1251
(referans grup: hayir) !
Hipertansiyon risk grubunda yer alma 2 664
durumu (referans grup: hayir) '
Hipertansiyonu énleme konusunda egitim 1365
alma istegi (referans grup: hayir) '
Tavsiye edilen saglik kontrollerine gitme -3.407

durumu (referans grup: hayir)
F

p
RZ
Durbin-watson

0,078 1,250 0,212 2,523
0,064 1,506 0,133 1,183
-0,132 -2,963 0,003 1,291
-0,188 -4,353 0,000 1,204
-0,049 -1,101 0,272 1,268
-0,101 -2,289 0,022 1,269
-0,054 -1,287 0,199 1,130
-0,117 -2,771 0,006 1,150

7,902

<0,001

0,22

1,709

Tablo-5'te katilimcilarin HKTO puanlarini etkileyen faktorleri belirlemeye yonelik yapilmis olan gok degiskenli
dogrusal regresyon modeli sonuglari yer almaktadir. S6z konusu amagla kurulmus olan modelin istatistiksel
olarak anlamli oldugu (F=7,902; p<0,001) gorilmuistir. Ayrica modelde otokorelasyon (Durbin-watson= 1,709) ile
coklu baglanti sorununun (VIF deger araligi= 1,130-2,548) olmadidi da tespit edilmigstir

TARTISMA

Bu galisma yetiskin bireylerin hipertansiyondan
korunmaya yoénelik tutumlari ve etkileyen
faktorlerin  incelenmesi amaciyla yapilmistir.
Katihmcilarin  HKTO toplam puan ortalamasi
105,67+12,44 oldugu bulunmustur. Olgekten 26-
130 arasi puan alinabilmekte olup,
hipertansiyondan korunma tutumuyla dlgek
skorlar1 arasinda pozitif iliski oldugu bilindiginden,
katilimcilarin hipertansiyondan korunma
tutumlarinin iyi dizeyde oldugu sdylenebilir. Bu
calismada kullanilan él¢ek tlkemizde yeni (2022)
geligtirildigi  icin ayni  dlcekle yapilmis bir
calismaya ulagilamamistir. Ancak, Rahman ve
ark. (2018), yetiskinlerde hipertansiyon hakkinda

bilgi, tutum ve uygulamalari degerlendirdigi
calismasinda katilanlarin  yarisindan fazlasi
hipertansiyon hakkinda vyeterli bilgiye sahip

oldugu ve 9%85,68'inin hipertansiyona karsi
olumlu tutuma sahip oldugu belirtimektedir (13).
Bu konuda, literatirde hem hipertansif hem de
hipertansif olmayan hastalar arasinda, 6zellikle
kadinlar olmak Uzere (14-17), benzer olarak
hipertansiyon bilgisinin iyi dizeyde oldugu rapor
edilmistir (18). Bu konuda Ulkemizde yapilan
PatenT 2 galismasinda da (2016) belirtildigi gibi,
2003'ten  2012'ye  kadar  hipertansiyonun
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taninmasinda bir miktar ilerleme kaydedilmis
olmasina ragmen, Turkiye'de hala tedavi
edilmemis veya yetersiz tedavi edilmis yiuksek bir
hipertansif populasyon bulunmaktadir
(6). Hipertansiyonun 6nlenmesi, erken teshisi ve
tedavisini  iyilestirmek icin  toplum temelli
cabalarin guclendiriimesi gerekmektedir.

Yetiskin bireylerin hipertansiyondan korunmaya
yonelik  tutumlart  ve etkileyen faktorleri
degerlendirildiginde, HKTO puanlari (zerinde
medeni durum, egitim durumu, gelir durumu,
ruhsal durumu, hipertansiyon acisindan risk
grubunda yer alma diaslincesinin ve saglik
kontrollerine gitme durumunun istatistiksel agidan
anlamli  bir etkisinin oldugu bulunmustur. Bu
calismada bekar bireylerin hipertansiyondan
korunma dizeylerinin, evli bireylere kiyasla daha
dislk oldudu goérulmastir. Paulose ve ark.
(2022) tarafindan yapilan bir calismada
hipertansiyonu énlemeye yodnelik olumlu bilgi ve
tutumla iligkili dUzeyi ve faktorleri degerlendirmek
amaclyla vyapilan c¢alismada, bosanmis/dul
bireylerin, evlilere kiyasla daha az olumlu tutum
sergiledikleri belirtiimektedir (19). Bu durumun
evli olan bireylerde birlikte yasadigi es ve
cocuguna karsi sorumluluk hissederek, daha
fazla sagligi koruyucu davranista bulunmasi ve
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daha duzenli yasam tarzinin olmasina bagl
olabilecegi distinilmektedir.

Egitim, hipertansif bireylerde kiresel
kardiyovaskiiler riskin en iyi belirleyicisi olarak
kabul edildiginden, hipertansiyon ve

kardiyovaskiler risk yonetimi stratejilerinde
degerlendiriimesi 6nemlidir (20). Bu c¢alismada,
ilkogretim ve alti ile lise mezunu olan bireylerin
Universite  mezunu olan bireylere  gore
hipertansiyondan korunma tutum puanlarinin
daha az oldugu tespit edilmigtir. Bu konuda
Paulose ve ark. (2022) tarafindan hipertansiyonu
oOnlemeye yonelik olumlu bilgi ve tutumla iligkili
dizeyi ve faktorleri degerlendirmek amaciyla
yapilan calismada, ilk, orta ve ylksek egitim
durumu olan katihmcilarin  okuma yazma
bilmeyenlere gbére daha olumlu tutumlarinin
oldugu belirlenmistir ~ (19).  Hipertansiyon
hastalarinin, hastaliklari hakkinda bilgi dizeyleri
ve iligkili faktorlerin ortaya konmasi amaciyla
yapilan bir galismada da ilag uyum bilgi diizeyinin
ortaokul, lise, Universite ve Uzeri mezun grubun,
ilkokul ve alti grupdan anlamli olarak daha
yuksek oldugu belirtiimektedir (21). Farkh olarak,
Malezya'da Selangor kentinde konut sakinleri
arasinda hipertansiyona iligkin bilgi, tutum ve
uygulamalarin incelendigi bir ¢alismada; egitim
dlzeyi ve hipertansiyona iligkin bilgi, tutum ve
uygulama arasinda anlaml iliski saptanmamistir
(22). Bu calismada, hipertansiyondan korunma
tutum &lcegdi puanlari Gzerinde istatistiksel olarak
anlamli etkiye sahip olan degiskenler arasinda en
yuksek etkiye sahip olan degdiskenin egitim
dlzeyi olmasi da, dikkat c¢ekici bir bulgu olarak
karsimiza ¢gikmaktadir.

Geliri giderlerine gbre daha fazla
katilimcilarin,  diger  katilimcilara  kiyasla
hipertansiyondan korunma tutumlarinin daha
yuksek oldugu goérulmustir. Dusuk gelirli
ailelerden  gelen  bireylerin  hipertansiyon
tedavisine uyumunun diguk oldugunu belirten
bir calismada da maddi zorluklar veya
kisittamalar nedeniyle tedavi rejimine uyumun
azaldigi, hipertansiyon ilaclarinin
karsilanamamasi bagl kontrolstiz kan basincina
yol actigi belirtimektedir (23). Ek olarak, zayif
uyum, bilgi eksikligi ve ila¢ temini ile ekonomik
durum arasinda iliski belirtiimektedir (24). Farkh
olarak, hipertansiyona iligkin bilgi, tutum ve
uygulamalarin incelendigi bir calismada, gelir
durumu ile hipertansiyona iligskin bilgi, tutum ve
uygulama ile anlamh bir iliskisi saptanmamigtir
(22). Ayrica bu calismada ruhsal durumu “6fkeli

olan
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ve stresli” olan bireylerin ruhsal durumu “uyumiu”
olan bireylere kiyasla hipertansiyondan korunma
tutum  duzeylerinin  daha dustk oldugu
saptanmigtir. Kang ve ark. (2018) tarafindan
stres, uyum ve kan basinci kontroli arasindaki
iliskiyi incelenmistir. Ayni stresin daha dusuk yas
ve bekar ebeveyn olma ile iligkili oldugunu
bulmustur. Stres ayrica daha ylksek sistolik kan
basinci ve zayif kan basinci kontroli ile
iliskilendirilmistir (25). Bununla birlikte, stres ve
anksiyetenin hem kardiyovaskuler hastaliklar
hem de hipertansiyon (zerinde etkili oldugu
bilinmektedir.

Bu calismada, kendisini hipertansiyon acisinda
riskli grupta gérmeyen Kkisilerin hipertansiyondan
korunma tutum d&lgegi puanlarinin, riskli grupta
goérenlere kiyasla daha az oldugu bulunmustur.
Ayni zamanda, tavsiye edilen saglk kontrollerine
gitmeyen bireylerin de hipertansiyondan korunma
tutum dizeylerinin daha distk oldugu sonucuna
ulasiimistir. Bununla birlikte, katilimcilarin
%66,3'U0 kendini hipertansiyon agisindan risk
grubunda gérmedigi bulunmustur. Benzer sekilde
Albayrak ve Sengezer (2022) tarafindan yapilan
calismada katilimcilarin  %68,8’i hipertansiyon
icin risk grubu olmadigini ifade etmistir (12).
Malezya'da Selangor kentindeki konut sakinleri
arasinda hipertansiyona iligkin bilgi, tutum ve
uygulamalarin incelendigi bir ¢alismada, aile
Oykusu ile hipertansiyona iligkin bilgi, tutum ve
uygulama ile anlamh bir iliskisi saptanmamigtir
(22). Bu durumun g¢alismamizda, ailede
hipertansiyon hastasi olan birey bulunan (%37,3)
ve hipertansiyon tanisi olan akraba ile ayni evde
yasayan (%17,5) katihmcilarin oraninin disik
olmasiyla da iligkili olabilecegi dusunulmektedir.

SONUC
Katilimcilarin hipertansiyondan korunma
tutumlari Gzerinde bazi sosyodemografik ve

saglik/hastalik degiskenlerinin etkisinin oldugu
bulunmustur. Hipertansiyondan korunma tutum
Olcegi puanlari Uzerinde istatistiksel olarak
anlamli etkiye sahip olan degiskenin ise egitim
dizeyi oldugu belirlenmigtir. Hipertansiyondan
korunmaya yodnelik tutumlarin gelismesi igin
bireylerin yasam kalitesinin arttirlmasina olanak
saglayacagdl dusunulmektedir. Hipertansiyondan
korunmaya yodnelik tutumlarin gelismesi igin

bireylere  hipertansiyona  ydnelik  bireysel
egitimlerin  dizenlenmesi ve O&zellikle risk
altindaki gruplarin farkindahginin
saglanmasi 6nemlidir. Hipertansiyon riskini

azaltmak icin dergilerde ve sosyal alanlarda
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destekleyici egitimlerin ve sosyal faaliyetlerin
yurGtilmesi hastaliga karsi olumlu tutumun
artmasina katki saglayabilir. Bu konuda daha
fazla 6rneklem grubu ve nedenselligi arastiran
derinlemesine  yeni c¢alismalarin  yapilmasi
onerilmektedir.

Aragtirmanin Sinirliliklar

Bu calismanin bazi sinirhiliklari bulunmaktadir.
Bu c¢alismanin bulgulari sadece c¢alismanin
yapildigi kurumdaki yetigkin bireylerle ilgili oldugu

icin, arastirma  sonuglari  genellenebilirligi
acisindan kisithdir. Bununla birlikte, ¢alismaya
katilim gonullik esasina dayali oldugundan ve
anket sorularinin genel yapisi nedeniyle dlgeklere
iliskin  sorulari  katilimcilarin  6znel olarak
degerlendigi kabul edilmektedir.

Cikar Catismasi: Yazarlar aralarinda ¢ikar
catismasi olmadigini beyan etmislerdir.

Finansal Destek

Bu calismada herhangi bir kurum/kurulugun mali
destegi yoktur.
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PSA dansitesinin robotik radikal prostatektomi sonug¢larina etkisinin
incelenmesi

Evaluation of the effect of PSA density on robotic radical prostatectomy outcomes

Alp Akyol Kasim Emre Ergun Serdar Kalemci Adnan Simsir Fuat Kizilay
Ege Universitesi Tip Fakiiltesi Uroloji Anabilim Dali, izmir, Tirkiye

oz

Amag: Prostat spesifik antijen dansitesi (PSAD), prostat kanseri tanisinda kullanilan serum prostat
spesifik antijen (PSA) dizeyinin prostat volimiine oranlanmasi ile elde edilen tanisal bir belirtectir.
Prostat bliyimesi ile PSA dlzeylerindeki artisin korele olmasi nedeniyle tanisal degerlendirmede bu
oran siklikla kullaniimaktadir ancak cerrahi sonuglarin 6ngérilmesinde kullanilmamaktadir. Bu
calismanin amaci, lokalize prostat kanseri igin robotik radikal prostatektomi geciren hastalarda PSA
dansitesinin cerrahi sonuglar ve postoperatif komplikasyonlar tGzerindeki etkisini degerlendirmektir.
Gereg ve Yontem: Bu retrospektif kohort calismasi, Temmuz 2020 ile Haziran 2022 arasinda robotik
RP uygulanan 154 hastanin verilerini analiz etmigtir. PSAD, preoperatif PSA dizeyinin (ng/mL)
transrektal ultrason (TRUS) veya multiparametrik MRG ile elde edilen prostat hacmine (mL) orani olarak
hesaplanmistir. Elektronik dosya arsivi taramasi ile toplanan veriler demografik bilgiler, preoperatif PSA
dizeyleri, prostat hacmi, cerrahi parametreler ve postoperatif sonuglari icermektedir.

Bulgular: Hastalarin yas ortalamasi 65 (6,69) olup, yas araligi 46 ile 80 arasindadir. Preoperatif PSA
dizeyleri 2.19 ile 35.4 ng/mL arasinda degismekte ve ortalama 7,75 (4,73) ng/mL olarak bulunmustur.
Prostat hacmi ortalama 47,73 (16,1) mL'dir. PSAD degerlerinin dagiiminda hastalarin %18,8'i disuk
risk, %34,4'0 orta-dusuk risk, %22,1'i orta-yuksek risk ve %24,7'si yuksek risk grubundadir. Daha
yuksek PSAD ile pozitif cerrahi sinir oranlari %18,75, %31,91, %44,12 ve %51,22 olarak saptanmistir.
PSAD'nin vezikouretral anastomoz stenozu (VUAS) (p=0.8) veya anastomoz kagaklari (p=0.9) lizerinde
anlamli bir etkisi bulunmamistir. Lojistik regresyon analizi, PSAD (katsayr 3.02, p=0.051) ve T3a
kanserin (katsayr 1.48, p=0.018) pozitif cerrahi sinirlarin anlamli prediktorleri oldugunu goéstermistir.
ROC egrisi analizinde, PSAD'nin AUC degerinin (0.65), T3a kanserin AUC degerinden (0.55) daha
yuksek oldugu saptanmis olup bu durum PSAD’nin T3a kanserden daha iyi bir pozitif cerrahi sinir
belirteci olabilecegdini gdstermektedir.

Sonug: Bu galisma, robotik radikal prostatektomi geciren hastalarda yiksek PSAD'nin pozitif cerrahi
sinir riskini artirdigini  ve cerrahi sonuglari 6ngérmede o6nemli bir biyobelirte¢ olabilecegini
g6stermektedir. Ancak, PSAD'nin postoperatif komplikasyonlar Uzerinde anlamli bir etkisi yoktur, bu da
daha fazla arastirmaya ihtiya¢ oldugunu gdstermektedir. PSAD, cerrahi sonuglarin iyilestiriimesinde
6nemli bir rol oynayabilir.

Anahtar Sozciukler: Prostat Kanseri, Robotik Cerrahi, PSA Dansitesi, Cerrahi Sinirlar, Postoperatif
Komplikasyonlar

ABSTRACT
Aim: Prostate-specific antigen density (PSAD) is a diagnostic marker derived by dividing the serum

prostate-specific antigen (PSA) level by prostate volume, commonly used in the evaluation of prostate
cancer.
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This ratio is frequently employed during diagnostic assessments due to the correlation between
prostate enlargement and elevated PSA levels; however, its utility in predicting surgical outcomes
remains unexplored. This study aimed to assess the impact of PSA density on surgical outcomes and
postoperative complications in patients undergoing robotic radical prostatectomy for localized prostate
cancer.

Materials and Methods: This retrospective cohort study included data from 154 patients who
underwent robotic radical prostatectomy between July 2020 and June 2022. PSAD was calculated as
the ratio of the preoperative PSA level (ng/mL) to prostate volume (mL), determined using transrectal
ultrasound (TRUS) or multiparametric MRI. Data collected from electronic records included
demographic information, preoperative PSA levels, prostate volume, surgical parameters, and
postoperative outcomes.

Results: The mean age of the patients was 65 years (£6,69), with an age range of 46—-80 years.
Preoperative PSA levels ranged from 2,19 to 35,4 ng/mL, with a mean of 7,75 ng/mL (x4,73). The
mean prostate volume was 47,73 mL (x16,1). Patients were stratified into risk groups based on PSAD:
18,8% were low risk, 34,4% intermediate-low risk, 22,1% intermediate-high risk, and 24,7% high risk.
In terms of the risk groups, the positive surgical margin rates with higher PSAD were 18,75%, 31,91%,
44,12%, and 51,22%, respectively. PSAD had no significant association with vesicourethral
anastomotic stenosis (VUAS) (p=0.8) or anastomotic leakage (p=0.9). Logistic regression analysis
identified PSAD (coefficient 3,02, p=0.051) and T3a cancer (coefficient 1,48, p=0,018) as significant
predictors of positive surgical margins. ROC curve analysis revealed that the AUC value of PSAD
(0,65) was higher than that of T3a cancer (0,55), suggesting PSAD may be a superior predictor of
positive surgical margins.

Conclusion: This study demonstrates that elevated PSAD is associated with an increased risk of
positive surgical margins in patients undergoing robotic radical prostatectomy, highlighting its potential
as an important biomarker for predicting surgical outcomes. However, PSAD showed no significant
effect on postoperative complications, underscoring the need for further research. PSAD may play a
crucial role in optimizing surgical outcomes.

Keywords: Prostate Cancer, Robotic Surgery, PSA Density, Surgical Margins, Postoperative
Complications

GIRIS PSAD, prostat kanserinin tanisinda énemli bir yere
sahiptir (6—11). Ancak prediktif bir prognostik faktor
olarak kullaniimasiyla ilgili farkli gérisler mevcuttur
(12). Yashi ve ark.’larinin 2017°de yaptiklari bir
kohort galismasinda PSAD 6&zellikle yiksek risk
grubundaki hastalarda olumsuz patolojik sonuglar
icin bagimsiz bir risk faktéru olarak bulunmustur
(13). Freedland ve ark.’nin galismasinda PSAD ile
kanser rekurrensi arasinda anlamli iligski bulundugu
gOsterilmistir  (11). PSAD’nin  operasyonun
onkolojik sonuglarini é6ngérmedeki gicl Dilme ve
ark.’nin galismasinda incelenmis ve pozitif cerrahi
sinir, gleason 7 ve Uzeri tumdr ve biyokimyasal
rekirrens igcin  prediktif  faktor  olabilecegi
belirtilmigtir (12). Calismamizin birincil amaci, PSA
yogunlugunun robotik RP'nin sonuglari izerindeki
etkisini degerlendirmek, cerrahi bagariya ve
postoperatif = komplikasyonlara  odaklanmaktir.
ikincil amag, PSA dansitesinin bu sonuglar igin
ongoricu bir biyobelirteg olarak hizmet edip
edemeyecegini belirlemektir.

Prostat kanseri, erkeklerde en sik teshis edilen
ikinci kanser tirt ve kuresel olarak en yaygin
besinci 6lim nedenidir (1). Klinik olarak lokalize
prostat kanseri olan hastalarin blylk c¢ogunlugu
icin standart tedavi radikal prostatektomi
operasyonudur (2). Radikal prostatektominin
amaci, uygulama yéntemi ne olursa olsun, kanseri
tamamen ortadan kaldirirken mimkin oldugunca
pelvik organ fonksiyonlarini korumaktir. Robotik
radikal prostatektomi (RP), lokalize prostat
kanserinin tedavisinde yaygin olarak kullanilan
minimal invaziv bir cerrahi prosediurdir (3).
Avantajlari arasinda kan kaybinin azalmasi,
hastanede kalis suresinin kisalmasi ve geleneksel
acik cerrahiye kiyasla daha hizli iyilesme sureleri
yer alir (4). Serum prostat spesifik antijen
diizeyinin prostat hacmine orani olarak hesaplanan
PSAD, PSA'nin tek basina oldugundan daha
spesifik bir prostat kanseri belirteci olabilir. Prostat
boyutunun PSA dlzeyleri Uzerindeki etkisini
hesaba katarak potansiyel olarak daha iyi tani
dogrulugu saglar (5).
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GEREC ve YONTEM

Bu retrospektif kohort ¢calismasinda kurumumuzda
robotik RP uygulanan hastalarin verileri analiz
edilmistir. Kohort, Temmuz 2020 ile Haziran 2022
arasinda opere edilen 154 hastayi icermektedir.
Dahil etme kriterlerinde 40-80 yas araliginda
olmak, vicut kitle indeksinin 18,5-35 kg/m?
arasinda olmasi, operasyon Oncesi metastatik
hastaligin dislanmasi icin kemik sintigrafisi ve tim
vicut kontrastli tomografide metastaz
saptanmamis olmasi, preoperatif biyopside
Gleason skorunun 6-8 arasinda olmasi, lokalize
prostat kanseri nedeniyle robotik RP operasyonu
uygulanmis olmasi bulunmaktadir. Hari¢ tutma
kriterleri PSA degerleri ya da prostat hacimleri
bilgilerine ulagilamayan hastalar, daha 6nce cesitli
nedenlerle prostat ameliyati gecirmis hastalar,
laparoskopik prostat cerrahisi gegirmis hastalar,
lokal ileri prostat kanseri tanisi alan hastalar ve
pelvik radyoterapi dykusu olan hastalardir.

PSA dansitesi, preoperatif PSA duzeyinin (ng/mL),
transrektal ultrason (TRUS) veya multiparametrik
prostat MRG ile elde edilen prostat hacmine (mL)
orani olarak hesaplanmigtir. Tium ameliyatlar en az
10 yildir Groloji uzmani olan ve en az 100 adet
robotik RP operasyonu gergeklestirmis deneyimli
urologlar tarafindan da Vinci Cerrahi Sistemi
kullanilarak gergeklestirilmistir. Tim prosedurler
genel anestezi altinda gergeklestirildi ve hasta
hazirlanip ortlldikten sonra mesaneye 16 fr Foley
kateter yerlestirildi. Palmer noktasina Veress ignesi
yerlestirilerek karbondioksit insuflasyonu ile 20 mm
Hg basingta pndmoperiton olusturuldu, ardindan
kamera ve diger portlar yerlestirildi. Trendelenburg
pozisyonundaki hastaya da Vinci robotu
yerlegtirilerek pelvis ve prostata erisim saglandi.
Operasyonlarin tamami intraperitoneal
anteroposterior kombine yaklasim kullanilarak
gerceklestiriimistir. Tium hastalarda bilateral sinir
koruyucu cerrahi  yapilmistir.  Vezikouretral
anastomoz 3/0 balik sirtt emilebilir suturler
kullanilarak kontini  sekilde gergeklestiriimistir.
TUm hastalara operasyon sonunda bir adet pelvik
dren ve 20 fr foley sonda tatbik edilmigtir.
Postoperatif donemde hastalara derin ven
trombozu icin mekanik ve medikal profilaksi
uygulanmistir. Toplanan veriler demografik bilgiler,
preoperatif PSA dlzeyleri, prostat hacmi, PSA
dansitesi, cerrahi parametreler (ameliyat suresi,
tahmini kan kaybi1) ve postoperatif sonuglari (pozitif
cerrahi sinirlar, patolojik evre, komplikasyonlar)
icermektedir. Tahmini kan kaybi hesaplanirken
operasyon sirasinda kullanilan aspiratordeki sivi
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seviyesi 6lglilmus ve cerrahi sirasinda yikama igin
kullanilan sivi miktari bu degerden cikariimistir.
PSA dansitesi risk gruplari igin, Avrupa Uroloji
Dernegi prostat kanseri kilavuzlarinda da prostat
kanseri tanisinda riske dayali biyopsi karari
verilmesi icin kullanilan, 2021 yilinda Schoots ve
ark tarafindan gelistirilen tablodaki PSA dansitesi
degerleri kestirim degerleri olarak belirlenmistir
(14). Veriler SPSS 29.0 programinda
degerlendirildi. Populasyon dagdihmi kolmogorov-
smirnov testi ile degerlendirildikten sonra, normal
dagihma sahip parametrelerde pearson korelasyon
testi uygulandi. Lojistik regresyon analizi ile anlamh
saptanan parametrelere etki eden baska faktorlerin
olup olmadigi degerlendirildi. P<0.05 istatistiksel
olarak anlamli kabul edildi.

BULGULAR

Calisma popllasyonunun demografik 6zellikleri
incelendiginde, hastalarin yas ortalamasi 65 (6,69)
olup, yas araligi 46 ile 80 arasinda degdismektedir.
Hastalarin preoperatif PSA degerleri 2,19 ng/ml ile
35,4 ng/ml arasinda degismekte ve ortalama 7,75
(4,73) ng/ml olarak bulunmustur. Preoperatif
prostat volumleri ise ortalama 47,73 (16,1) ml
olarak olgtlmustdr.

PSA dansitesi degerlerinin dagilimina bakildiginda,
hastalarin %18,8'inin duslk risk, %34,4'linln orta-
dislk risk, %22,1'inin orta-ylksek risk ve
%24,7'sinin yuksek risk grubunda vyer aldig
gOrulmustar. Bu dagilim, PSA dansitesinin hastalar
arasinda genis bir yelpazede degistigini
gOstermektedir.

Cerrahi parametrelerde tahmini kan kaybi ortalama
142,63 (84,30) ml olarak hesaplanmistir. Cerrahi
sinir  pozitifligi orani PSA dansitesine gore
degisiklik gostermistir. Duslk risk grubunda
%18,75, orta-dusik risk grubunda %31,91, orta-
yuksek risk grubunda %44,12 ve ylksek risk
grubunda %51,22 oraninda cerrahi sinir pozitifligi
saptanmisgtir.

Postoperatif komplikasyonlar degerlendirildiginde,
PSA dansitesinin vezikoulretral anastomoz darlig
(VUAS) ve anastomoz kacgaklari Uzerindeki etkisi
incelenmistir. PSA dansitesi dusuk olan hastalarda
VUAS %3,12, orta-dusuk risk grubunda %2,13,
orta-ylksek risk grubunda %5,88 ve yiksek risk
grubunda %2,44 olarak bulunmustur. Anastomoz
kagaklari ise dusuk risk grubunda %9,38, orta-
dislk risk grubunda %2,13, orta-yiksek risk
grubunda %0 ve yuksek risk grubunda %7,32
olarak saptanmigtir. Lojistik regresyon analizi
sonuglarina goére PSA dansitesinin VUAS(p=0,940)



ve anastomoz kagagi(p=0,991) Uzerinde anlamh
etkisinin bulunmadigi1 saptanmistir (Sekil-1).
Patolojik bulgularin lojistik regresyon analizine gére
nihai patolojide saptanan T3a kanserin cerrahi sinir
pozitifligi Uzerinde anlamli etkileri bulunmustur.
PSA dansitesinin cerrahi sinir pozitifligi Uzerindeki
katsayisi 3,02 (p=0,051), T3a kanserin katsayisi
ise 1,48 (p=0,018) olarak hesaplanmigtir.

PSA dansitesi ve T3a kanserin cerrahi sinir
pozitifligini Gngdérmedeki performanslari ROC egrisi

PSA Density vs Surgical Margin
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Sekil-1. PSAD risk gruplarina gére Cerrahi sinir, VUAS
ve Anastomoz kagagi parametrelerinin lojistik regresyon
analizi grafigi.

TARTISMA

Calismamizda, PSA dansitesinin robotik RP iligkili
sonuclar ve komplikasyonlar Uzerindeki etkileri
degerlendirilmistir. Elde edilen sonuglar, PSA
dansitesinin cerrahi sinir pozitifligi ile anlamh bir
iliskiye sahip oldugunu, ancak VUAS ve
anastomoz kacag! Uzerinde anlamh bir etkisinin
olmadigini géstermektedir. Bu bulgu, daha yuksek
PSA dansitesinin, cerrahi sinir pozitifligi riskini
artirabileceg@ini ve bu nedenle, cerrahi sonuglarin
optimizasyonunda dikkate alinmasi gerektigini
vurgulamaktadir.
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ve AUC hesaplanarak karsilastirildiginda PSA
dansitesinin AUC degeri (0,65), T3a kanserin AUC
degerinden (0,55) daha yuksektir (Sekil-2). Bu,
PSA dansitesinin  cerrahi  sinir  pozitifligini
ongdrmede T3a kanserden daha degerli oldugunu
gOstermektedir.

ROC Curve for PSA Density and Pathologic T Stage t3a
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Sekil-2. Cerrahi sinir pozitifligini 5ngérmede PSA
Dansitesi ve T3a patolojik evresinin ROC egrileri.

PSA dansitesinin onkolojik sonuglar Uzerindeki
etkisi, literatirde sikga arastiriimis bir konudur.
Ornegin, S. Bishara ve arkadaslarinin
¢alismasinda, PSA dansitesinin biyokimyasal
nikst (BCR) ongérmede PSA'ya kiyasla daha
ustin bir prediktér oldugu bulunmustur (15).
Calismamiz, PSA dansitesinin sadece onkolojik
sonuglar Uizerinde degil, ayni zamanda cerrahi sinir
pozitifligi Uzerinde de gugli bir 6ngéricu oldugunu
gOstermektedir. Ayrica, Roser Vives Dilme ve
arkadaslarinin galismasinda, PSA dansitesinin
pozitif cerrahi sinirlar, Gleason skoru = 7 ve PSA
persistansi ile anlaml bir iliskiye sahip oldugu
belirtilmigtir (12). Ancak, bu g¢alismalarda PSA
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dansitesinin cerrahi sonuglar
komplikasyonlar  Uzerindeki
incelenmemistir.

PSA dansitesinin cerrahi sinir pozitifligi Uzerindeki
anlaml etkisi, bu biyobelirtecin robotik RP geciren
hastalarda cerrahi sonuglarin dngérulmesinde
6nemli bir rol oynayabilecedini gostermektedir.
ROC egrisi ve AUC analizi sonuglarina gore, PSA
dansitesinin AUC degerinin (0,65), T3a kanserin
AUC degerinden (0,55) daha yluksek olmasi PSA
dansitesinin cerrahi sinir pozitifligini dngérmede
T3a kanserden daha degerli oldugunu ortaya
koymaktadir. Bu sonug¢ analizleri literatirde daha
once saptanmamis bulgulardir.

PSA dansitesinin bu etkilerinin altinda yatan
potansiyel mekanizmalar tam olarak
anlasilamamakla birlikte, PSA dansitesinin daha
yuksek oldugu durumlarda timér ydkindn ve
agresifliginin artabilecegi dusinulmektedir (17). Bu
da cerrahi sinirlarin daha sik pozitif olmasina
neden olabilir. Ayrica, prostat hacminin PSA
dizeylerine olan etkisini dengeleyerek, PSA
dansitesinin daha spesifik bir kanser belirteci
olarak islev gérmesi de olasidir (16-18).
Calismamizin bazi sinirlamalari bulunmaktadir. ilk
olarak, retrospektif dogasi nedeniyle veri toplama
ve analiz slreglerinde yanhlklar olusabilir. Ayrica,
hasta sayisinin nispeten kigik olmasi, sonuglarin
genellenebilirligini sinirlayabilir. Gelecekteki
arastirmalar, daha blylk ve prospektif kohortlarda
PSA dansitesinin cerrahi sonuglar ve postoperatif
komplikasyonlar lzerindeki etkilerini daha ayrintili
olarak inceleyebilir.

ve postoperatif
spesifik  etkileri

Kaynaklar

Sonug olarak, bu ¢calisma, PSA dansitesinin robotik
RP sonrasi cerrahi sinir pozitifligi Gzerinde dnemli
bir 6ngérict oldugunu goéstermektedir. Bu bulgu,
PSA dansitesinin preoperatif degerlendirmelerde
dikkate alinmasi gerektigini ve cerrahi sonuglarin
iyilestiriimesinde énemli bir rol oynayabilecegini

vurgulamaktadir.  Ancak, PSA  dansitesinin
postoperatif komplikasyonlar (zerindeki etkisi
belirgin degildir ve bu konudaki daha fazla

arastirmaya ihtiyag vardir.
SONUGC

Calismamiz, PSA dansitesinin robotik RP sonrasi
cerrahi sinir pozitifligi Gzerinde anlaml bir etkisi
oldugunu ve daha yiksek PSA dansitesine sahip
hastalarda cerrahi sinir pozitifligi riskinin arttigini
g6stermistir. Bununla birlikte, PSA dansitesinin
VUAS ve anastomoz kagaklari tzerinde anlamli bir
etkisinin olmadigi bulunmustur. Bu bulgular, PSA
dansitesinin robotik RP' de cerrahi sonuglarin
o6ngorilmesinde 6nemli bir biyobelirteg olarak
hizmet edebilecegini ve preoperatif
degerlendirmelerde dikkate alinmasi gerektigini
vurgulamaktadir. Ancak, postoperatif
komplikasyonlar Uzerindeki etkisi belirgin
olmadigindan, bu alanda daha fazla arastirmaya
ihtiyag  duyulmaktadir. Sonug¢ olarak, PSA
dansitesi, cerrahi  sinir  pozitifligi  riskinin
degerlendiriimesinde ve robotik RP sonrasi cerrahi
sonuglarin iyilestiriimesinde klinik olarak énemli bir
rol oynayabilir.
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Kalp yetersizligi ve ileri yas: Komorbiditeler, tedavi uygulamalari ve sagkalim
analizi

Heart failure in advanced age: comorbidities, treatment approaches, and survival
outcomes

Emre Demir

Ege Universitesi Tip Fakiiltesi Kardiyoloji Anabilim Dali, izmir, Tirkiye

oz

Amag: Bu calismanin amaci, Kalp Yetersizligi Polikliniginde takip edilen ileri yas grubundaki hastalarin
eslik eden komorbiditelerini, kalp yetersizlijinde sagkalimi artiran tedavileri kullanma ve hedef dozlara
ulasma oranlarini belirlemek, primer ve sekonder sonlanim farkhliklarini erken yas grubu ile
karsilastirmak ve ileri yas grubunda medikal tedavi dozlarinin primer sonlanim noktasina ulagsmadaki
etkilerini arastirmaktir.

Gereg ve Yontem: Calismaya kalp yetersizligi tanisi almis ve poliklinikte takip edilen 1624 hasta dahil
edilmistir. Hastalarin klinik verileri hasta dosyalari, elektronik kayitlar ve gerektiginde telefon gorusmeleri
ile elde edilmistir. ileri yas kalp yetersizligi grubu, 75. persentil ve iizeri yaginda tani alan hastalar olarak
tanimlanmigtir. Hastalar medikal tedavi kullanimi ve dozlarina gére incelenmistir

Bulgular: ileri yas kalp yetersizligi hastalarinin %39,2'si NYHA fonksiyonel sinif Ill ve %9,2'si NYHA
fonksiyonel sinif IV olarak bulunmustur. ileri yas grubunda sistolik ve diyastolik kan basinglari, erken
yas grubuna goére daha disiuk saptanmistir. Komorbid hastaliklarin (hipertansiyon, diabetes mellitus,
hiperlipidemi, KOAH) ileri yas grubunda daha yaygin oldugu tespit edilmistir. Beta-bloker ve ACE-
i/ARB kullaniminda hedef dozlara ulasma oranlari ileri yas grubunda daha disiktir. ileri yas grubunda
primer sonlanim noktasina ulagsma orani %35 iken, erken yas grubunda bu oran %25,2 olarak
bulunmustur. Cox-regresyon analizleri, sol ventrikul ejeksiyon fraksiyonunun artiginin sagkalima
olumlu etkisini géstermistir.

Sonug: ileri yas kalp yetersizligi hastalarinda komorbid hastalik yiikii daha fazladir ve bu durum tedavi
surecini olumsuz etkilemektedir. Medikal tedavilerin hedef dozlara ulasiimasi sagkalimi artirmakta ve
tedaviye uyumun énemi vurgulanmaktadir.

Anahtar Sozciikler: Kalp yetersizligi, ileri yas, Komorbidite, Medikal tedavi, Sagkalim

ABSTRACT

Aim: This study aims to identify the comorbidities, the usage rates of heart failure treatments that
improve survival, and the achievement of target doses in elderly patients followed up at the Heart
Failure Outpatient Clinic. Additionally, the study seeks to compare the differences in primary and
secondary outcomes between the elderly and younger patient groups, and to investigate the impact of
medical treatment doses on reaching the primary endpoint in the elderly group.

Materials and Methods: The study included 1624 patients diagnosed with heart failure and followed
up in the outpatient clinic. Clinical data of the patients were obtained from patient files, electronic
records, and, when necessary, through phone interviews.
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The elderly heart failure group was defined as patients diagnosed at or above the 75th percentile age.
Patients were evaluated based on their use and doses of medical treatment.

Results: Among the elderly heart failure patients, 39.2% were classified as NYHA functional class I,
and 9.2% as NYHA functional class IV. Systolic and diastolic blood pressures were found to be lower
in the elderly group compared to the younger group. Comorbid conditions (hypertension, diabetes
mellitus, hyperlipidemia, COPD) were more prevalent in the elderly group. The rates of achieving
target doses for beta-blockers and ACE inhibitors/ARBs were lower in the elderly group. The rate of
reaching the primary endpoint was 35% in the elderly group, compared to 25.2% in the younger group.
Cox regression analyses showed that an increase in left ventricular ejection fraction had a positive

impact on survival.

Conclusion: The burden of comorbid diseases is higher in elderly heart failure patients, which
negatively affects the treatment process. Achieving target doses of medical treatments improves
survival, emphasizing the importance of adherence to therapy.

Keywords: Heart failure, Elderly, Comorbidity, Medical treatment, Survival

GiRiS
Kalp vyetersizligi prevalansi, kardiyovaskuler
koruyucu uygulamalar ve akut koroner

sendromda erken reperfiizyon girisimleri ile
artmaktadir. Kalp yetersizliginin tim dinyadaki
prevalansi %1-2, Avrupa'daki prevalansi ise
%2'nin  Uzerindedir. (1,2) Amerika Birlesik
Devletleri'nde 2030 yilinda kalp yetersizligi tanisi
almis hasta sayisinin sekiz milyonu asmasi
beklenmektedir. ileri yas popilasyonunda bu
artisin daha belirgin olacagi diusinilmektedir. (3)

Kalp yetersizligi hastalarinda yasin ilerlemesi ile
sagkalim oranlari azalmakta ve kalp yetersizligi
nedenli hastaneye yatis sikligi artmaktadir. Yasli
kalp yetersizli§i popllasyonunda komorbid
(koroner arter hastaligi, hipertansiyon, diabetes
mellitus, dislipidemi, kronik obstriktif akciger
hastaligi) hastallk  birlikteligi ve  sikhigi
artmaktadir. ileri yas grubunda Uglii komorbidite
orani %90 ve bes komorbidite orani ise %50’ye
ulagmaktadir. Komorbid hastaliklarin birlikteligi ve
sikhdinin artmasi kalp yetersizligi gelisme riskini
artirmaktadir ve  yash  kalp  yetersizligi
hastalarinda tedavi baglama zorluklarina, yan etki
sikhdinin artmasina neden olmaktadir. (4)

Kalp vyetersizligi kilavuzlari, mortalite ve
morbiditeyi azaltmak amaciyla etkinligi
kanitlanmis ¢oklu farmakoterapileri dGnermektedir.
Kalp yetersizligi kilavuzlari medikal tedavide dort

farkl tedavi noktasini hedeflemektedir:
anjiyotensin konverting enzim
inhibitorleri/anjiyotensin reseptor blokérleri

/anjiyotensin reseptdr-neprisilin inhibitorleri, beta-
blokerler, mineralokortikoid reseptor
antagonistleri ve sodyum glukoz transporter
inhibitérlerinin kullanimi 6nerilmektedir. (5) Dort
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farkli tedavi seceneginin kombinasyonunun
kullaniimasi en fazla klinik fayda saglamaktadir.
Onerilen medikal tedavi segeneklerinde hedef
dozlara ulasilmasinin sagkalimi artirici ve kalp
yetersizligi nedeniyle hastaneye yatis oranlarini
azaltici etkisi, kalp yetersizligi hastalarinin hayat
kalitesini artirdig1 gosterilmistir. (6)

Bu galismada, kalp yetersizligi polikliniginde takip
edilen hastalar igerisinden belirlenen ileri yas
grubundaki hastalarin eslik eden
komorbiditelerini, kalp yetersizliginde sagkalimi
artiran tedavileri kullanma ve hedef dozlara
ulasma oranlarini belirlemek, primer-sekonder
sonlanim farkhliklarini erken yas grubu ile
karsilagtirmak ve ileri yas grubunda medikal
tedavi dozlarinin primer sonlanim noktasina
ulasmadaki etkilerini arastirmak amaglanmistir.

GEREG ve YONTEM

Kalp yetersizligi tanisi almis ve kalp yetersizligi
polikliniginde takip edilen 1624 hasta galismaya
dahil edilmistir. Ege Universitesi Tip Fakiiltesi
Tibbi Arastirmalar Etik Kurulundan ¢alisma onayi
alinmigtir [Karar No: 24-8T/116, Tarih:22.8.2024].
Bilgilendirilmis génulli olur formu hasta veya
birinci derece yakinlarindan alinmigtir.

Kalp yetersizligi hastalarinin klinik verisi hasta
dosyasi, elektronik hasta dosyasi, eksik veri
durumunda ise hasta veya birinci derece
yakinindan telefon gérismesi ile elde edilmigtir.

Kalp vyetersizligi hastalarinda, sol ana koroner
arter veya sol On inen arterde %50’den fazla
darlik saptanmis ya da sad koroner arter veya
sirkumfleks arterin her ikisinde %50’den fazla
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darlik saptanan hastalar iskemik nedenli kalp
yetersizligi olarak kategorize edilmistir. (7)

Hastalarin kalp vyetersizligi tanisi aldiklar yas
degerlerinin ceyreklikler arasl degerleri
belirlenerek, 75’inci persentil ve Uzeri yasinda
tani alan hastalar ileri yas kalp yetersizligi hasta
grubu olarak tanimlanmistir. Hastalarin
¢ogunlugunu olusturan 55 yas altinda tani almis
hastalar ise erken kalp yetersizligi grubu olarak
tanimlanmistir.

Hasta karakteristikleri ve komorbid hastaliklari,
ekokardiyografi verileri, kardiyovaskiler nedenli
kullandigi tedavi ve dozlar kayit altina alinmistir.
Kalp yetersizligi tedavisinde kullanilan, sagkalimi
artiran, kalp vyetersizligi kilavuzu tarafindan
Onerilen ve yidksek doza c¢ikilmasi Onerilen
tedavilerin doz araliklari geyrek doz, yarim doz ve
tam doz olarak kategorize edilmistir.

Primer ve Sekonder Sonlanim Noktasi:

1. Primer Sonlanim Noktasi: Tim nedenli 6lim
veya kalp replasman tedavisi (kalp nakil
cerrahisi veya uzun doénem kalp mekanik
destek cerrahisi) olarak belirlenmistir.

2. Sekonder Sonlanim Noktalari:
Tim nedenli 6lim
b. Kalp replasman tedavisi

c. Ventrikiler aritmi, uygun ICD soklamasi
veya ani kardiyak 6lim

d. Kardiyak toparlanma (recovery)

istatistiksel Analiz:

istatistiksel analizler, SPSS 28 (IBM Armon New
York) ve Medcalc 19,0® istatistiksel veri analiz
programlari  kullanilarak  yapilmistir.  Sdrekli
degdiskenler ortalama + standart sapma, medyan-
ceyrekler arasi aralik, kategorik degiskenler ise
sayl ve oran olarak belirtilmigtir. Gruplar arasi
karsilagtirmalar iki yonlu Student t testi, Wilcoxon
rank testi, Mann Whitney U testi ve Ki-kare testi
veya Fischer exact testi kullaniimistir.

Log-rank (Mantel-Cox) testi, gruplar arasi
sagkalim farkini belirlemek amaciyla
kullaniimigtir. Kaplan-Meier sagkalim grafikleri
sagkalim  o6zelliklerinin  grafik  ¢izimlerinde

kullaniimigtir. Cox-regresyon risk modelleri, risk
oranlarinin  (Hazard ratio) belirlenmesinde
kullaniimigtir ve degerler ortalama ve %95 glven
araliginda belirtilmistir.
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Yas kategorilerine gore kalp yetersizligi medikal
tedavileri ve sagkalimi artiran tedavilerin geyrek,
yarim ve tam dozlarina gore farkl Cox-regresyon
modelleri  olusturulmustur. Primer sonlanim
noktasini belirlemede tekli degisken analizinde
anlaml olan kalp yetersizligi medikal tedavileri ve
tedavi dozlarina gore yeni Cox-regresyon modeli
olusturulmustur.

BULGULAR

Calismaya kalp vyetersizligi polikliniginde takip
edilen 1624 hasta dahil edilmistir. Yas gruplari
belirlendiginde, 75. persentil Gzeri hasta grubu
yasi 55 yil ve Ustl olarak belirlenmigtir. Kalp
yetersizligi hastalarinin medyan takip suresi 58,4
(CAA: 30,2-88,3) ay olarak bulunmustur. 427
hasta, tani aldiklar tarihte ileri yas kalp
yetersizligi grubunda yer almistir. ileri yas kalp
yetersizligi grubunun tani aninda yas ortalamasi
60,614,4 yildir ve %72,6’s1 erkek cinsiyettedir.

ileri yas kalp yetersizligi hastalarinin %39,2’si ve
erken yas kalp yetersizligi hastalarinin %29,4’u
NYHA fonksiyonel sinifi Ill, ileri yas kalp
yetersizligi hastalarinin %9,2’si ve erken yas kalp
yetersizligi hastalarinin %5,9'u NYHA fonksiyonel
sinifi IV olarak bulunmustur ve ileri yas kalp

yetersizligi hastalarinda fonksiyonel sinifinin
giderek kotulestigi  bulunmustur  (p  degeri
<0,0001).

ileri yas kalp yetersizligi hastalarinin sistolik kan
basinci ortalamasi 112+17 mmHg, diyastolik kan
basinci 67+10 mmHg, erken yas kalp yetersizligi
hastalarinin sistolik kan basinci 114+18 mmHg,
diyastolik kan basinci 70£12 mmHg, (sirasiyla p
degeri = 0,038; p < 0,0001) daha dusuk
bulunmustur. ileri yas grubu kalp yetersizligi
hastalarinda, kalp yetersizligi nedeni %67,7’sinde
koroner arter hastaliyi nedenlidir ve erken yas
kalp yetersizligi grubuna goére daha yiksek
orandadir (p degeri <0,0001).

ileri yas kalp yetersizligi hastalarinda, komorbid
hastaliklar, hipertansiyon  %44,3, diabetes
mellitus %33,5, hiperlipidemi %21,8 ve KOAH
%9,3 ile erken yas kalp yetersizligi hastalarina
gbre daha ylksek oranda bulunmustur (p

<0,0001). Sigara kullanim &ykast ileri yas
grubunda %30,6 oraninda ve erken kalp
yetersizligi hasta grubuna goére daha disuk

bulunmustur (p = 0,002).

ileri yas kalp vyetersizligi hastalarinda atriyal
fibrilasyon %26,8, erken yas grubu kalp
yetersizligi hastalarinda ise %11,4 bulunmustur
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(p degeri <0,0001) ve ileri yas kalp yetersizligi
hastalarinda atriyal fibrilasyon daha yilksek
oranda bulunmakla birlikte iskemik
serebrovaskiler olay orani %6,4 ve erken yas
kalp yetersizligi hasta grubuna gére daha yiksek
bulunmamistir (p = 0,17). lleri yas kalp
yetersizligi hastalarinda ICD implantasyonu
%29,5, CRT-D implantasyonu %10,3, erken yas
kalp yetersizligi hastalarinda ICD implantasyonu
%35,2 ve CRT-D implantasyonu %8,4 oraninda
bulunmustur (p = 0,002). (Tablo-1).

Ekokardiyografi degerlendirmesinde, sol ventrikil
diyastol ve sistol c¢api arasinda her iki grup
arasinda fark bulunmazken, sol atriyum capi ileri
kalp yetersizligi hastalarinda ortalama 47,5+16,9
mm bulunmustur ve erken yas kalp yetersizligi
hastalarina gore sol atriyum ¢api 46,0+7,9 daha
yiksek bulunmustur (p <0,0001). Mitral kapak
yetersizligi, aort kapak yetersizligi ve trikUspit
kapak yetersizligi ciddiyetinin artmasi ile ileri yas
kalp yetersizligi hastalarinda goérilme orani daha
yuksektir.

ileri yas kalp yetersizligi hastalarinin sol ventrikdil
ejeksiyon fraksiyonu %27,0+9,5, erken yas kalp
yetersizligi hastalarinin sol ventriklll ejeksiyon
fraksiyonu %28,4+11,4 bulunmustur ve ileri yas
kalp yetersizligi hastalarinda sol ventrikll
ejeksiyon fraksiyonu daha dislktir (p degeri =
0,018). Sag ventrikal fonksiyonunu
degerlendirmek amacl kullanilan TAPSE ve
RVsm-TDI ileri yas kalp yetersizligi hastalarinda
sirastyla 16,844 mm, 17,31£5,1 m/s bulunmus ve
erken yas kalp yetersizligi hastalar ile arasinda
fark bulunmamistir (sirasiyla p degerleri = 0,13
ve 0,36). ileri yas kalp yetersizligi hastalarinda,
triklspit kapak regurjitasyon velositesi 2,94+0,54
m/s, sistolik pulmoner arter basinci 38,9+15,7
mmHg, erken yas kalp yetersizligi hastalarina
gore her iki degerde daha yuksek bulunmustur (p
<0,0001). (Tablo-3).

Her iki grup arasinda beta-bloker kullanimi,
anjiyotensin reseptor-blokeri-neprisilin inhibitord,
antiplatelet, If kanal-blokeri ve antiaritmik
kullanim oranlari benzer bulunmustur. ACE-i-
ARB kullanim orani erken yas kalp yetersizligi
hastalarinda daha fazla oranda (%88,2, p degeri
= 0,002), aldosteron antagonisti kullanim orani
erken yas kalp yetersizligi hastalarinda (%93,8, p
degeri = 0,001) daha fazla bulunmustur. SGLT-2i
kullanim orani (%18,3 p degeri = 0,014), kivrim
ditretik kullanim orani (%82,2, p degeri = 0,003),
antikoagulan kullanim orani (%32,1, p degeri =
0,045), digoksin kullanim orani (%21,3, p degeri
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= 0,024) ve statin kullanim orani (%45,7, p degeri
<0,0001) ile ileri yag kalp yetersizli§i grubunda
daha yluksek bulunmustur.

ACE-i-ARB dozlarina goére degerlendirildiginde,
ileri yas kalp yetersizligi grubunda ACE-i-ARB
kullanan hasta orani daha az olmasina ragmen
ileri yas kalp yetersizligi hasta grubunda yarim ve
yuksek dozlara ulagsma oranlarinin daha yuksek
oldugu bulunmustur. Beta-bloker kullanim
oraninda her iki grup arasinda fark bulunmazken,
beta-bloker doz artiglari ileri yas kalp yetersizligi
hastalarinda daha dislUk oranlarda kalmistir.
Beta-bloker tam doza ulagsma orani ileri kalp
yetersizligi hastalarinda %8,4, erken yas kalp
yetersizligi hastalarinda ise %12,0’dir (p degeri
<0,0001). Aldosteron antagonisti kullanim orani
ve ileri yas kalp yetersizli§i grubunda hedef
yiksek dozlara ulagsma orani daha dusuk
bulunmustur (sirasiyla %69,3, %72, p degeri
<0,0001). Ayrica, ileri yas grubu kalp yetersizligi
hastalarinda aldosteron antagonisti kullanmama
orani erken yas kalp yetersizligi grubuna gore
daha yuksektir. (Tablo-2).

Primer sonlanim noktasi ileri yas kalp yetersizligi
grubunda 149 hastada %35 oraninda, erken yas
kalp yetersizligi grubunda ise 300 hastada %25,2
oraninda hastada primer sonlanim noktasina
ulasilmistir ve ileri yas kalp vyetersizligi
grubundaki hastalar daha fazla oranda primer
sonlanim  noktasina ulagsmistir (p degeri
<0,0001). Kardiyak toparlanma orani ileri yas
kalp yetersizligi grubunda 40 hastada %9,4
oraninda gelismis ve bu oran erken yas kalp
yetersizligi grubunda ise 119 hastada %10
oraninda gerceklesmistir. Sekonder sonlanim
noktalarindan olan ventriktler aritmi, uygun ICD
soklamasi 27 hastada %6,3, erken yas grubunda
ise 95 hastada %7,0 oraninda gergeklesmistir ve
anlamli fark bulunmamistir (p degeri = 0,62).

Sag kalim analizlerinde Log-rank Mantel-Cox
testi kullanilmig ve tim hastalarin bir yillik
sagkalim orani %97, bes yillk sagkalim orani
%81 ve on ylhk sagkalim orani %55
bulunmustur. lleri  yas kalp yetersizligi
hastalarinin sirasiyla 1-5-10 yillik sagkalimi %98,
%84, %60, erken vyas Kkalp vyetersizligi
hastalarinin 1-5-10 yillik sagkalmi %94, %72 ve
%42 bulunmustur. ileri ve erken yas kalp
yetersizligi hastalari karsilastinildiginda, ileri yas
kalp yetersizligi hastalarinin Hazard ratio’su 2,0;
%95 GA (1,59-2,52); p degeri <0,0001
bulunmustur. (Sekil-1).
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Kullanilan ilag tedavileri ve tedavi hedef dozlarina
ulasma oraninin primer sonlanim noktasina
ulasmaya etkisinin incelenmesi amaciyla farkli
Cox-regresyon modelleri olusturulmustur. Tedavi
dozlari ile yas ve sol ventrikil ejeksiyon
fraksiyonu modellemeye eklenmistir. ileri yas kalp
yetersizligi grubunda kardiyovaskiler medikal
tedavi kullanmanin olusturuldugu modelde, tekli
degisken analizinde istatistiksel anlamlilik
kazanan degerler ¢oklu degisken analizine dahil
edilmistir. Coklu degisken analizinde sol ventrikil
ejeksiyon fraksiyonu artisinin sagkalima anlamli-
olumlu etkisi bulunmustur (HR: 0,94, %95 GA
0,90-0,97, p degeri <0,0001). Medikal tedavide
ise ACE-i veya ARB kullanimi (HR: 0,51 %95 GA
0,36-0,73, p degeri <0,0001) ve beta-bloker
kullanimi (HR: 0,28, %95 GA 0,14-0,54, p degeri
<0,0001) ile dozdan bagimsiz olarak sagkalima
anlamh-olumlu katkisi gosterilmistir.

Aldosteron antagonisti (HR: 0,70, %95 GA 0,45-
1,07, p degeri = 0,1) kullaniminin olumlu etkisi
gortlmemistir. Loop ditretik kullanimmnin (HR:
3,24, %95 GA 1,32-7,96, p degeri = 0,01)
sagkalima olumsuz etkisi gosterilmistir.

Kalp yetersizligi kilavuzu tarafindan Onerilen
sagkalima olumlu etkisi oldugu kanitlanmis tedavi
segeneklerinden; anjiyotensin reseptoér blokeri-

neprisilin inhibitord, ivabradine ve sodyum glukoz
transporter 2 inhibitdéri  kullaniminin  tekli
degisken analizinde sagkalma ileri yas kalp
yetersizligi  hastalarinda etkisinin  olmadigi
bulunmustur. Kalp yetersizliinde sagdkalma
olumlu etkisi gosterilmis ve yiksek dozlara
ulasmanin sagkalima olumlu etkisinin gosterildigi
tedavilerin ileri yas kalp yetersizligi hastalarinda
Cox-regresyon modeli ile degerlendirilmistir.
ACE-i veya ARB kullaniminda c¢eyrek doz
kullaniminin (HR: 1,09, %95 GA 0,69-1,72, p =
0,68) sagkalima olumlu etkisi gosterilmemistir.

ACE-i veya ARB kullaniminda yarim doza veya
tam doza ulagsmanin sagkalima olumlu etkisi
gorilmastar (sirasiyla HR: 0,59; %95 GA 0,37-
0,93; p degeri = 0,024; HR: 0,32; %95 GA 0,17-
0,58; p degeri <0,0001). ACE-i veya ARB
kullaniminda doz artisinin yarim doz veya tam
doza ulasma ile sagkalima artan olumlu etKkisi
gOsterilmistir. Beta-bloker kullanimi ise ileri yas
kalp yetersizli§i hastalarinda sagkalima olumlu
etkisi ¢ceyrek doz ile baslamaktadir ve tam doza
ulasmak ile en duslk risk oranina ulagmaktadir
(sirasiyla HR: 0,45; %95 GA 0,23-0,89; p degeri
= 0,021; HR: 0,20; %95 GA 0,09-0,42; p degeri
<0,0001; HR: 0,15; %95 GA 0,05-0,40; p degeri
<0,0001).

Tablo-1. Kalp yetersizligi hasta karakteristikleri ve yas gruplarina gore karsilastiriimasi

Toplam Yas <55 Yas 255 P degeri
Yas yil 46,0+12,8 40,7+20,6 60,6+4,4 <0,0001
Erkek cinsiyet % 72,8 72,9 72,6 0,89
BKi kg/m? 26,5+3,99 26,5%4,2 26,431 0,74
VYA m? 1,91+0,96 1,92+0,19 1,89+0,15 0,016
NYHA FS (%) - - - <0,0001
I 12,8 14,7 7,9 -
1] 48,1 50,0 43,2 -
1] 32,2 29,4 39,7 -
v 6,8 5,9 9,2 -
SKB mmHg 113,9+0,18 114,6+18,5 112,2+17,7 0,038
DKB mmHg 69,5+11,9 70,4£12,3 67,4£10,5 <0,0001
iskemik nedenli kalp 56,3 52,2 67,7 <0,0001
yetersizligi (%)
Hipertansiyon (%) 32,2 27,8 44,3 <0,0001
Diabetes mellitus (%) 26,8 24,4 33,5 <0,0001
Dislipidemi (%) 15,7 13,5 21,8 <0,0001
Sigara kullanimi (%) 36,5 34,3 30,6 0,002
iskemik serebrovaskiiler 5,1 4.7 6,4 0,17
olay (%)
KOAH (%) 5,7 4.4 9,3 <0,0001
Kronik bobrek hastaligi 3,3 3,0 4,3 0,22
(%)
Kronik Karaciger hastaligi 0,7 0,8 0,6 0,74
(%)
Periferik arter hastaigi 2,3 2,1 2,8 0,53
(%)
AF (%) 18,4 11,4 26,8 <0,0001
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intrakardiyak cihaz (%) - - - 0,002
Pacemaker (%) 11,3 12,9 6,9 -

ICD (%) 31,0 29,5 35,2 -
CRT-D (%) 8,9 8,4 10,3 -

Kalp yetersizligi aile 124 15,2 4,7 <0,0001
oykusiu (iskemik olmayan

KM hastalari) (%)

Primer sonlanim noktasi 27,8 25,2 35,0 <0,0001
(%)

Kardiyak toparlanma (%) 9,8 10,0 9,4 0,73
Ventrikiler aritmi veya 6,8 7,0 6,3 0,62
Ani kardiyak 6liim (%)

Takip stliresi ay (CAA) 58,4 (30,2-88,3) 61,3 (31,9-93,2) 52,8 (27,2-73,2) 0,68

NTpro-BNP pg/ml (GAA) 1487 (566-4086) 1320 (510-3985) 1769 (710-4268) 0,001

Tablo-2. Kalp yetersizligi hastalarinin kullandiklari tedavi-dozlari ve yas gruplarina gére karsilastiriimasi.

Toplam Yas <55 Yasg 255 P degeri
ACE-i / ARB (%) 81,4 76,3 83,2 0,002
ACE-i / ARB dozu (%) - - - <0,001
Kullanmayan (%) 13,9 12,2 18,7 -
Ceyrek doz (%) 33,1 35,8 25,6 -
Yarim doz (%) 36 35,8 36,6 -
Tam doz (%) 17,0 16,2 19,2 -
Beta-bloker (%) 98,2 98,4 97,4 0,19
Beta-bloker dozu (%) - - - <0,0001
Kullanamayan (%) 1,9 1,7 2,7 -
Ceyrek doz (%) 32,6 29,5 41,2 -
Yarim doz (%) 36,0 37,1 32,8 -
Tam doz (%) 11,0 12,0 8,4 -
ARNI (%) 8,0 7.9 8,4 0,70
ARNI dozu (%) - - - 0,68
Kullanamayan (%) 92,1 92,2 91,6 -
Ceyrek doz (%) 1,8 1,7 2,3 -
Yarim doz (%) 2,8 29 2,3 -
Tam doz (%) 3,3 3,2 1,0 -
Aldosteron antagonisti (%) 92,5 93,8 88,8 0,001
Aldosteron antagonist dozu (%) - - - <0,0001
Kullanamayan (%) 7,2 59 11,1 -
Ceyrek doz (%) 21,7 23,7 19,7 -
Yarim doz (%) 1,0 11 0,7 -
Tam doz (%) 70,0 69,3 72,0 -
SGLT-2i (%) 14,7 13,4 18,3 0,014
Loop ditiretik (%) 77,0 75,1 82,2 0,003
Antikoagiilan (%) 28,3 27,0 32,1 0,045
Antiplatelet (%) 53,7 52,3 57,6 0,059
If kanal blokeri (%) 30,7 30,1 32,6 0,34
Digoksin (%) 17,7 16,5 21,3 0,024
Antiaritmik (%) 9,7 9,7 9,5 0,90
Statin (%) 32,0 27,2 45,7 <0,0001

Degerler ortalama + SS, medyan CAA ve frekans dagihmi % olarak belirtiimistir, p degeri <0,05 istatistiksel olarak
anlamli olarak kabul edilmistir,

ACE-i: Anjiyotensinojen konverting enzim inhibitorli; ARB: Anjiyotensin reseptdr blokeri; ARNI: Anjiyotensin
reseptor blokeri-neprilisin inhibitori, SGLT-2i: Sodyum glukoz transporter 2 inhibitor(i
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Tablo-3. Kalp yetersizligi hastalarinin ekokardiyografik verileri ve yas gruplarina gére karsilastiriimasi.

Toplam Yas<55 Yas255 P degeri
SVDS¢ mm 62,7+10,5 62,8+10,9 62,5%9,6 0,52
SVSS¢ mm 52,5+12,5 52,5+12,9 52,3+11,4 0,22
SA¢ mm 46,417,6 46,0+7,9 47,5+16,9 <0,0001
SVEF % 28,0+10,9 28,4+11,4 27,049,5 0,018
Mitral kapak yetersizligi (%) - - - <0,001
Yok 12,2 11,9 13,1 -
Hafif 27,5 30,3 19,7 -
Orta 40,6 38,3 46,8 -
Ciddi 19,7 19,5 20,4 -
Aort kapak yetersizligi (%) - - - <0,0001
Yok 76,2 79,4 67,2 -
Hafif 17,0 15,9 20,0 -
Orta 5,7 3,5 11,6 -
Ciddi 1,2 1,2 1,2 -
Trikiispid kapak yetersizligi - - - 0,005
(%)
Yok 16,1 17,6 11,9 -
Hafif 37,0 37,9 34,4 -
Orta 32,0 30,3 36,6 -
Ciddi 15,0 14,2 17,1 -
TAPSE mm 17,115,0 17,315,1 16,814,73 0,13
RVsm (TDI) m/s 10,1£2,72 10,1£2,7 10,042,6 0,36
TRV m/s 2,84+0,54 2,81+0,54 2,94+0,54 <0,0001
SPAP mmHg 35,9154 34,8+15,2 38,9+15,7 <0,0001

Degerler ortalama £ SS, medyan CAA ve frekans dagilimi % olarak belirtiimistir, p degeri <0,05 istatistiksel olarak
anlamli olarak kabul edilmistir,

CAA: Ceyreklikler arasi aralik, SVDSg: Sol ventrikll diyastol sonu ¢api, SVS¢: Sol ventrikil sistol sonu gapi, SAg:
Sol atriyum c¢api, SVEF: Sol ventrikil ejeksiyon fraksiyonu, TAPSE: Trikiispid anller planar sistolik uzanimi,
RVsm: Sag ventrikil sistolik hareketi-doku Doppler gorintileme, TRV: Trikispid kapak yetersizlik velositesi,
SPAP: Sistolik pulmoner arter basinci

Tablo-4. lleri yas ve (izeri kalp yetersizligi hastalarinda medikal tedavi ve dozlarinin Cox-regresyon analizi

Tekli degisken

Coklu degisken

HR 95% GA P degeri HR 95% GA P degeri
Yas yil 1,02 (0,98-1,05) 0,19 - -
SVEF% 0,92 (0,90-0,95) <0,0001 0,94 (0,90-0,97) <0,0001
ACE-i / ARB 0,43 (0,31-0,61) <0,0001 0,51 (0,36-0,73) <0,0001
ACE-i / ARB dozu - <0,0001 -
Kullanmayan - - - -
Ceyrek doz 0,19 (0,11-0,32) <0,0001 1,09 (0,69-1,72) 0,68
Yarim doz 0,40 (0,26-0,61) <0,0001 0,59 (0,37-0,93) 0,024
Tam doz 0,89 (0,58-1,36) 0,61 0,32 (0,17-0,58) <0,0001
ARNI 1,52 (0,91-2,52) 0,10 - -
Beta-bloker 0,21 (0,11-0,41) <0,0001 0,28 (0,14-0,54) <0,0001
Beta-bloker dozu - <0,0001 - <0,0001
Kullanmayan - - - -
Ceyrek doz 0,40 (0,20-0,77) <0,0001 0,45 (0,23-0,89) 0,021
Yarim doz 0,010 (0,05-0,21) <0,0001 0,20 (0,09-0,42) <0,0001
Tam doz 0,10 (0,039-0,27 <0,0001 0,15 (0,05-0,40) <0,0001
Aldosteron 0,45 (0,30-0,68) <0,0001 0,70 (0,45-1,07) 0,10
antagonisti
SGLT-2i 0,88 (0,58-1,34) 0,57 - -
ivabradine 0,92 (0,65-1,29) 0,63 - -
Statin 0,84 (0,60-1,16) 0,29 - -
Loop diiiretik 5,38 (2,2-13,1) <0,0001 3,24 (1,32-7,96) 0,01
Antiplatelet 0,84 (0,60-1,17) 0,31 - -
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Antikaogiilan 1,54 (1,10-2,16) 0,012 - -
Antiaritmik 0,87 (0,53-1,42) 0,59 - -
Digoksin 1,21 (0,85-1,73) 0,28 - -

Degerler Hazard orani ve 95 % gliven araligi olarak belirtiimistir, P degeri <0,05 istatistiksel olarak anlamli olarak
kabul edilmistir,

ACE-i: Anjiyotensinojen konverting enzim inhibitori; ARB: Anjyiotensin reseptor blokeri; ARNI: Anjiyotensin
reseptor blokeri-neprilisin inhibitdri, SGLT-2i: Sodyum glukoz transporter 2 inhibitort
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Sekil-1. Tim hastalarda primer sonlanim noktasina ulagsma oranlarina gore Kaplan Meier sagkalim egrisi.
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Sekil-2. Erken ve ileri yas kalp yetersizligi hastalarinda primer sonlanim noktasina ulagsma oranlarina gére Kaplan
Meier sag-kalim egrisi.
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TARTISMA

Bu calismada, kalp yetersizligi hastalarinda yas
gruplarina gore farklh klinik ve demografik
Ozelliklerin yani sira tedavi yaklasimlari ve
sagkalim Uzerindeki etkileri detayli bir sekilde
incelenmistir. Sonuglar, ileri yas KY hastalarinin
klinik seyir, komorbidite profili ve tedaviye yanit
acgisindan erken yas KY hastalarina kiyasla
belirgin farkliliklar sergiledigini ortaya koymustur.
Tartisma kisminda, bu bulgularin literatlrdeki
mevcut bilgilerle karsilastiriimasi, klinik
uygulamalar igin ¢ikarimlari ve g¢alisma
kisithliklari ele alinmistir.

ileri Yag Kalp Yetersizligi Grubunun Klinik ve
Demografik Ozellikleri

Calismada, ileri yas KY hastalarinin énemli bir
béliminde koroner arter hastaligi temel etiyolojik
neden olarak bulunmus ve bu durumun erken yas
KY hastalarina gére anlamli sekilde daha ylksek
oranda oldugu tespit edilmistir. Bu bulgu, yasla
birlikte KAH  prevalansinin  artmasi  ve
aterosklerotik siureglerin KY gelisimindeki rolliintn
daha belirgin hale gelmesi ile uyumludur. (8) Bu
bulgu, yasla birlikte KAH prevalansinin artmasi
ve aterosklerotik slreglerin KY gelisimindeki
rolinlin daha belirgin hale gelmesi ile uyumludur.
Benzer sekilde, ileri yas KY grubunda
hipertansiyon, diabetes mellitus, hiperlipidemi ve
KOAH gibi komorbiditelerin daha yaygin oldugu
g6zlenmigtir. Bu durum, yaglanma sirecinin bir
sonucu olarak  vaskiler ve metabolik
bozukluklarin artmasiyla agciklanabilir. Ancak,
sigara kullanim Qykdsunin erken yas KY
grubunda daha yuksek oranda olmasi, sigara
icme aliskanliginin gen¢ yas gruplarinda daha
yaygin olabilecedini ve bu durumun erken
dénemde KY gelisimine katkida bulunabilecegini
disundirmektedir. (9)

Calismada ileri yas KY grubunda atriyal
fibrilasyon prevalansinin belirgin sekilde ylksek
oldugu tespit edilmistir. Atriyal fibrilasyon
prevalansinin yagla birlikte artis go6sterdigi,
Ozellikle yasli populasyonda insidansin anlamh
sekilde yukseldigi mevcut bilgi ile uyumludur. (10)
Bu bulgu, atriyal fibrilasyonun yasla artan bir
aritmi oldugu ve KY hastalarinda hemodinamik
yuklenme ile iligkili olarak daha sik gézlendigi
literatirle uyumludur. (10) Ancak, bu hasta

grubunda iskemik  serebrovaskuler  olay
oranlarinin anlamli sekilde artmamis olmasi
dikkat cekicidir. Atriyal fibrilasyonun

serebrovaskiler komplikasyon riskini artirdigi
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bilinmekle birlikte, bu calismada kullanilan
antikoagulan tedavi oranlarinin etkili bir sekilde
bu riski azaltmis olabilecegi distnulmektedir.

Tedavi ve Doz Hedeflerine

Sagkalima Etkisi:

Ulagsmanin

KY tedavisinde rehberlerle 6nerilen farmakolojik
ajanlarin  kullanimi,  sagkalimi iyilestirme
potansiyeli acisindan kritk ©&neme sahiptir.
Calismada, ileri yas KY hastalarinda ACE-i/ARB
ve beta-bloker kullanimi ile sagkalim arasinda
pozitif bir iliski tespit edilmistir. (11)Ozellikle tam
doz veya hedef dozlara ulagsmanin sagkalimi
anlamh sekilde iyilestirdigi gdsterilmistir. Bu
bulgu, KY tedavisinde hedef dozlarin onemini
vurgulayan onceki ¢alismalari desteklemektedir.
(12) Ancak, ileri yas KY hastalarinda hedef
dozlara ulagsma oranlarinin disik olmasi, bu
hasta grubunda ilaca toleransin azalabilecegi
veya vyan etkiler nedeniyle doz artirmada
sinirlamalar yasanabilecegini distnduirmektedir.
(13)

Ayrica, calismada aldosteron antagonisti
kullaniminin ileri yas KY hastalarinda sagkalima
olumlu bir etkisinin bulunmamasi dikkat ¢ekicidir.
Bu durum, aldosteron antagonistlerinin yasl
populasyonda etkinligine dair literatlirdeki goéris
ayriliklari ile uyumludur. Ozellikle, bu ajanlarin
yasl bireylerde renal fonksiyonlar ve hiperkalemi
riskine etkisini ele alan yeni galismalarin bu
alandaki bilgi eksikligini giderebilecegi
dusunudlmektedir. (14) Bu bulgu, aldosteron
antagonistlerinin yagh populasyonda kullanimina
dair sinirli verilerin varligina isaret edebilir. ileri
yas grubunda dilretiklerin yan etkilerine kargi
daha dikkatli olunmasi gerektigi bilinmektedir ve
bu durum, ¢alisma sonuglarini etkileyen bir faktor
olabilir.  Bununla birlikte, kiviim  didretik
kullaniminin ~ sagkalimi olumsuz etkiledigi
gOsterilmis ve bu durum KY hastalarinda didretik
kullanma ihtiyacinin olusmasi negatif sonugclara
yol acabilecegini disindirmektedir. (15,16)

Fonksiyonel
Performans

Kapasite ve Kardiyak

ileri yas grubunda kardiyak performansi etkileyen
faktorlerle ilgili literatirde farkli  gorisler
bulunmaktadir. Yaglanma ile birlikte miyokardiyal
fibrozis ve vaskdler sertligin artisi, kardiyak
fonksiyonlardaki gerilemeyi hizlandirabilir. (17)
NYHA fonksiyonel sinifindaki koétilesme bu
fizyolojik  degisimlerle iligkilendirilebilir.  (18)
NYHA fonksiyonel sinifi degerlendirmesinde, ileri
yas KY hastalarinin fonksiyonel kapasitesinin
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erken yas KY hastalarina gére belirgin sekilde
daha koétd oldugu gdérulmdastir. Bu bulgu,
yaglanma ile birlikte kardiyovaskuler rezervlerin
azalmasi ve komorbid hastalik yukunin artmasi
ile agiklanabilir. Ek olarak, sol ventrikil ejeksiyon
fraksiyonunun ileri yas KY hastalarinda daha
dislk bulunmasi, bu hasta grubunda miyokard
disfonksiyonunun  daha  yaygin  oldugunu
dusundirmektedir.

Ekokardiyografik degerlendirmeler, sol ventrikil
diyastol ve sistol ¢api arasinda fark olmamasina
ragmen, sol atriyum g¢apinin ileri yas grubunda
daha buylk oldugunu goéstermistir. Sol atriyum
genigslemesi, kronik KY hastalarinda artmis
hemodinamik yUkidn bir gostergesi olarak
degerlendirilebilir. Ayrica, mitral, aort ve triklispit
kapak yetersizliklerinin ileri yas KY hastalarinda
daha sik ve siddetli olmasi, bu hasta grubunda
kapak disfonksiyonunun progresif yapisini ortaya
koymaktadir. (8)

Sagkalim Analizleri ve Risk Faktorleri:

Sagkalim analizleri, yash KY hastalarinda
progresif kardiyak disfonksiyon ve komorbidite
yukinin kot  prognoz ile iligkilendirildigini
vurgulamaktadir.

Calismada, ileri yas KY hastalarinin sagkalim
oranlarinin erken yas KY hastalarina gore daha
disik oldugu gdsterilmistir. Ozellikle, ileri yas
grubunda 10 yillik sagkalim oraninin %60 iken,
erken yas grubunda %42 olmasi dikkat gekicidir.
Bu durum, ileri yas KY hastalarinda yuksek
komorbidite  yikt ve kotulesen kardiyak
fonksiyonlarla iligkilendirilebilir. Ayrica, Hazard
oranlarinin ileri yas grubunda daha yiksek
bulunmasi, bu hasta grubunun daha kirilgan
oldugunu ve koéti prognoza sahip oldugunu
g6stermektedir.

Tedavi dozlarn ve sagkalim arasindaki iligkiyi
inceleyen Cox-regresyon analizleri, ACE-i/ARB
ve beta-bloker kullaniminin sagkalimi
iyilestirdigini ve doz artisinin bu olumlu etkiyi
guclendirdigini ortaya koymustur. Bu durum, KY
hastalarinda tedavi hedeflerine ulasmanin
6nemini vurgulamaktadir. Ancak, ileri yas KY
grubunda ilag toleransinin dusuk olmasi ve hedef
dozlara ulasmada zorluklarin varhigi, klinik pratige
yobnelik 6énemli bir engel olarak karsimiza
¢cikmaktadir. (11-13,19,20)

Calismanin Giiglii Yonleri ve Kisithiliklari

Bu calismanin gugli yonleri arasinda genis hasta
populasyonunun yani sira detayll analizlerin
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yapillmasi yer alirken, literatirde de vurgulanan
yash bireylerde tedavi uyumunun
degerlendiriimesindeki eksiklik, Gnemli bir kisithlik
olarak 6ne ¢ikmaktadir.

Bu calismanin glgli yonlerinden biri, genis bir
hasta populasyonunda ileri yas ve erken yas KY
gruplarinin detayli bir sekilde karsilastiriimis
olmasidir. Ayrica, tedavi dozlari ve sagkalim
arasindaki iligkinin  kapsamh  bir  sekilde
degerlendiriimesi, calismay literatirdeki benzer
calismalardan farkh bir konuma tasimaktadir.
Bununla birlikte, galismanin bazi kisithliklari da
bulunmaktadir. ilk olarak, calisma retrospektif bir
tasarima sahip oldugundan, elde edilen veriler
arasindaki neden-sonug iligkisini kesin olarak
belirlemek mimkiin degildir. ikinci olarak, ileri yas
grubunda daha disik tedaviye uyum veya yan
etkilerin  gorilme  sikhgi  gibi  faktorlerin
degerlendiriimemesi, sonuglarin yorumlanmasini
sinirlayabilir. Ayrica, c¢alismanin tek merkezli
olmasi, elde edilen sonuglarin genellenebilirligini
kisitlayabilir.

Klinik Uygulamalar ve Gelecege Yonelik
Oneriler

Bu c¢alisma, KY hastalarinda yasa bagli
farklilklarin ~ klinik ve tedavi yaklasimlarini
sekillendirmede ©6nemli bir rol oynadigini

géstermektedir. ileri yas KY hastalarinda tedavi
hedeflerine ulasmanin sagkalima olumlu etkisi
dikkate alindiginda, bu hasta grubunda daha
bireysellestiriimis tedavi yaklagsimlarina ihtiyag
duyulmaktadir. Ozellikle, yasli hastalarda ilag
toleransini  artirmaya  yonelik  stratejilerin
gelistiriimesi ve yan etkilerin etkin ydnetimi,
tedaviye uyumu artirabilir.

Gelecekteki  cgalismalarin, ileri yas KY
hastalarinda optimal tedavi dozlarini ve yan etki
yonetimini daha iyi anlamak i¢in prospektif ve ¢ok
merkezli tasarimlara odaklanmasi énerilmektedir.
Ayrica, bu hasta grubunda yeni farmakolojik
ajanlarin  etkinligini degerlendiren randomize

kontrolli c¢alismalarin gercgeklestiriimesi, Kklinik
pratigi ydonlendirmede faydali olacaktir.

SONUGC

Sonug¢ olarak, bu c¢alisma, ileri yas KY

hastalarinin klinik ve tedavi profillerini detayli bir
sekilde analiz ederek, bu hasta grubunun 6zel
ihtiyaclarina dikkat c¢ekmistir. Bu bulgular, KY
hastalarinda yasa bagli farkhliklari ele alan
glncel literatirle uyumludur. Bu alanda yapilan
calismalar, vyasla birlikte kardiyovaskuler
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sistemde meydana gelen fizyolojik degisikliklerin  vurgulamakta ve sagkalimi iyilestirme ¢abalarinin

ve

yaklagimlar etkiledigini géstermistir. Elde edilen
bulgular, ileri yas KY hastalarinin tedavisinde

komorbidite profilindeki farkhliklarin klinik ~ énemini ortaya koymaktadir.

Cikar Catismasi: Yazarlar aralarinda ¢ikar
catismasi olmadigini beyan etmislerdir.

daha bireysellestiriimis yaklagsimlarin gerekliligini
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Kronik karaciger hastaliklarinda FIB-4 ve APRI skorlarinin klinik tani ile uyumu
Relationship with FIB-4, APRI scores and the clinical diagnosis in chronic liver
diseases

Pinar Peker? Ali ibrahim Hatemi?

1Ege Universitesi Tip Fakiiltesi Medikal Onkoloji, izmir, Tiirkiye

2jstanbul Universitesi, Cerrahpasa Tip Fakiiltesi, i¢ Hastaliklari Anabilim Dali, Gastroenterolji Baliimi,
istanbul, Tirkiye

oz

Amag: Karaciger biyopsisi, siroz tanisinda altin standart yéntem olmasina ragmen invazif olmasi,
nadir ancak yasami tehdit edici komplikasyonlara neden olmasi gibi bazi sinirhliklari bulunmaktadir.
Karaciger biyopsisinin bu sinirliliklari siroz tanisinda kullanilabilecek invazif olmayan yontemlerin
gelistiriimesini gerektirmektedir. Bu invazif olmayan yOntemler arasinda aspartat transaminazin
platelete orani (APRI) ve dort faktért temel alan fibrozis indeksi (FIB-4) kronik hepatit B (HBV) ve C
(HCV) hastalarinda fibrozis ve sirozun tanimlanmasinda sik tercih edilmektedir.

Gereg ve Yontem: Bu calismanin amaci gesitli etiyolojilerdeki kronik karaciger hastalarinda APRI ve
FIB-4’Un sirozun tahmin edilmesindeki performansini dederlendirmektir. Calismamizda klinik pratikte
kullanim igin ylksek sensitivite ve spesifitede yeni esik degerler olusturmak i¢in kronik karaciger
hastalarinda APRI ve FIB-4’ln yeni esik dederleri analiz ettik.

Bulgular: Calismamizda ROC analizlerinde, siroz tanisi i¢in optimal esik degerin APRI i¢in 1,32, FIB-
4 icin 4,24 oldugu goérald.

Sonug: Bu invazif olmayan yoéntemlerin daha sik kullanimi sirozun erken taninmasini ve 6nemli
komplikasyonlari olan gereksiz biyopsilerin dnlenmesini saglayacaktir.

Anahtar Sozcikler: Siroz, Kronik Karaciger Hastalgi, APRI, FIB-4

ABSTRACT

Aim: Liver biopsy is the gold standard for the diagnosis of cirrhosis, but has limitations such as
invasive procedure, high cost, risk of rare but potentially life-threatening complications. These
limitations of liver biopsy promote the development of noninvasive methods for assessments of
cirrhosis. Among these models, aspartate transaminase-to-platelet ratio index (APRI) and fibrosis
index based on four factors (FIB-4) are commonly used for identifying liver fibrosis and cirrhosis in
patients with chronic hepatitis B (HBV) and C virus (HCV) infection.

Materials and Methods: The aim of this study was to evaluate the performance of APRI and FIB-4 to
predict cirrhosis in chronic liver diseases of various etiologies. To propose a new set of cut-offs with
high specificity and sensitivity for use in clinical practice, we evaluated new cut-offs of APRI and FIB-4
patients with chronic liver diseases.

Results: Based on ROC analysis, the optimal cut-offs were 1,32 for APRI, and 4,24 for FIB-4, for
diagnosing cirrhosis in this study.

Conclusion: The more frequent use of these non-invasive methods in clinical practice will lead to the
early identification of cirrhosis and prevent unnecessary biopsy with significant complications.
Keywords: Cirrhosis, Chronic Liver Disease, APRI, FIB-4
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GiRiS

Siklikla alkol kullanimi ve viral hepatitlerle iligkili
olan kronik karaciger hastaligi (KKH) gelismis ve
gelismekte olan Ulkelerde dnemli bir morbidite ve
mortalite nedeni olarak gorilmektedir. KKH’nin ilk
evreleri asemptomatik seyretme egiliminde olan
hepatit ve steatozla karakterize olmustur. Bu
nedenle, metabolik sendromda karaciger
hastaliginin  ana  bileseni olarak  kabul
edilmektedir. KKH’nin son dénemi olarak kabul
edilen siroz histolojik olarak mikronoddiler veya
makronodiler formda, portal alanlarda fibroz
septalarla karakterizedir. KKH tedavisi ve
prognozu karacigerde fibrozis varligi ve
derecesiyle oldukga yakindan iligki igerisindedir
(2). Ancak karaciger biyopsisi komplikasyon riski
tasiyan bir girisimsel islemdir. Bu nedenle siroz
tanisini degerlendirmek icin guvenilir, girisimsel
olmayan yontemlerin gelistiriimesine ihtiyag
bulunmaktadir. Bu amagla 6ne surilen ydontemler
icerisinde transient elastografi, C-aminopirin
nefes testi, indosiyanin yesili plazma klerensi gibi
metabolik karaciger fonksiyon testleri, aspartat
aminotransferaz/platelet orani (APRI), yas, AST,
platelet sayisi, ALT ile degerlendirilen fibrozis-4
skoru (FIB-4), yas platelet (AP) indeksi yer
almaktadir (2,3,4).

Koaguilopati riskinin ylksek olmasi siroz tanisi
icin yapilacak olan biyopsiye bagli kanama riskini
artirmaktadir. Bu nedenle siroz tanisi klinik
pratikte siklikla laboratuvar analizlerine
dayanmaktadir. Ancak tek basina laboratuvar
analizlerinin tani hassasiyeti dusuktur. Tam
tersine, hastalari sosyo-demografik 6zellikleriyle
birlikte degerlendirilen birden fazla laboratuvar
parametresini temel alan yontemler giderek daha
sik kullanilmaya baslamigtir (5). Ancak bu
yontem ve indeksler hakkinda, siroz ve/veya
fibrozis tanisindaki hassasiyetlerinin gosteriimesi
amaclyla daha ¢ok calisma yapilmasina ihtiyag
bulunmaktadir Bu c¢alismada, APRI ve FIB-4
indekslerinin klinik siroz tanisi ile uyumunun
gOsterilmesi, bu indekslerin siroz tanisindaki
degerinin analiz edilmesi amaclanmistir.

GEREG ve YONTEM

Bu ¢alisma, retrospektif ve kontrolli bir tasarima
sahip olup, klinik bulgularin yani sira radyolojik,
laboratuvar ve endoskopik verilerin analizine
dayanmaktadir. Veriler, Universite Hastanesi
Gastroenteroloji polikliniginden retrospektif olarak
elde edilmigtir. Calismaya toplamda 67 hasta
dahil edilmistir. Bunlarin 29'u siroz grubunda, 38’i
ise kontrol grubunda yer almaktadir. Dahil edilme

kriterleri ise, 18 yas ve Uzeri olmak, klinik
bulgularla siroz veya kronik karacider hastalig
tanisi alinmis olmak, tim klinik ve laboratuvar
verilerine  erisim  saglanabilen  hastalardan
olusmaktadir. Diglanma kriterleri ise eksik veri
kaydi bulunan ve 18 yas alti bireyler olarak
belirlenmistir. Bu retrospektif calismada herhangi
bir midahale uygulanmamis, tim veriler hasta
dosyalarindan retrospektif olarak elde edilmistir.
Hastalardan aktif olarak bilgi toplanmamistir.
Birincil sonug olgutl, APRI ve FIB-4 skorlarinin
siroz tanisi ile uyumunu degerlendirmektir.
Sensitivite, spesifite, pozitif ve negatif prediktif
degerler hesaplanmis ve ROC analizi ile optimal
esik degerler belirlenmigtir. Bu analizler,
noninvazif tani yontemlerinin etkinligini
gOstermek igcin gerceklestiriimistir. Toplam 67
hasta, retrospektif veriler Uzerinden 06rneklem
blyukliguni olusturmustur. Calisma igin spesifik
bir drneklem bayuklGgu hesaplama
yapilmamistir. Verilerin analizinde SPSS 20.0
istatistiksel yazilimi kullaniimistir. Nicel
degiskenler ortalama ve standart sapma olarak
sunulmus, nitel degiskenler ise frekans ve yuzde
olarak ifade edilmistir. Gruplar arasi farklarin
degerlendiriimesi icin  Mann-Whitney U testi
kullanilmig, kategorik veriler icin Ki-kare testi
uygulanmistir. ROC analizi ile APRI ve FIB-4
skorlarinin tanisal performansi ve esik degerleri
degerlendiriimistir. Bu ¢alisma, Universite Klinik
Arastirmalar Etik Kurulu tarafindan onaylanmis
ve  Helsinki  Bildirgesi'ne  uygun  olarak
yurGtiimistir (Onay Numarasi: 1068; Tarih:
01.09.2017).

Bu baglamda calisma verilerinin incelenmesi
sirasinda; radyolojik olarak karacigerin
konturunun lobule olmasi, splenomegali ve asit
bulgularindan dcindn birden olmasi
splenomegali, asit ve 6zofagus varisi bulgularinin
Uclndn birden mevcut olmasi ya da karaciger
konturlarinda lobilasyon, asit ve varis birlikteligi
klinik olarak karaciger sirozu olarak kabul

edilmigtir. Asit olmadan diger 6zelliklerden
(splenomegali, varis ve kontur dizensizligi)
ikisinin olmasi durumunda; laboratuvar
parametrelerine bakilmistir. Laboratuvar

degerlerindeki 3 parametreden (Total bilirubin
2mg/dL den fazla, INR 1,7’den fazla ya da
albumin degeri 3,5g/dL un altinda olmasi) en az
birinin olmasi halinde klinik olarak siroz kabul
edilmistir. FiB-4 > 3,25 ve APRIi skoru > 2
degerlerinin  siroz tanisindaki sensitivite ve
spesifitesi degerlendirilmistir. Tam tersine FiB-4
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<145 ve APRI =< 0,5 degerlerinin sirozun
dislanmasindaki sensitivite ve spesifitesi olarak
degerlendirilmistir. FiB-4 skoru dért parametre ile
hesaplanmaktadir: AST, ALT, yas ve PLT. FiB-4
skoru Vallet-Pichard tarafindan 2007 yilinda
yapilan c¢alismada gelistiriimistir  (6). Siroz
tanisiyla uyumlu esik degerler 2,9-3,6 arasinda
bildirilirken, sirozun dislanmasinda bildirilen esik
degerler 1,45-1,62 arasinda ifade edilmigtir.
Calismada 1,45 ve 3,25 esik degerleri kabul
edilmistir (7). Ancak ROC analizi ile kendi
calismamizin en iyi sensitivite ve spesifiteye
sahip esik degeri de olusturulmustur. APRI skoru,
AST/PLT oranini ifade eden APRI skoru
karaciger fibrozisi ve sirozun tanimlanmasinda
kullanilan  non-invazif  ybntemler arasinda
bulunmaktadir. Wai ve ark’i tarafindan yapilan
calismada 192 kronik HCV enfeksiyonu olan
hastada gelistirilmistir (8). Calismada 0,5 ve 2,0
esik degerleri kabul edilmigtir (9,10). Ancak
calismamizin en iyi esik degerleri ROC analizi ile
olusturulmustur.

BULGULAR

Calismada siroz grubunda 29 hasta, kontrol
grubunda 38 hasta olmak Uzere 67 hasta yer
almaktadir. Hastalarin yas ortalamasi 55,8 £+ 12,4
yildir (medyan 57 yil, 24-78). Siroz grubunun yas
ortalamasi 58,7 + 11,9 yil (medyan 59 yil, 24-78
yil araliginda), kontrol grubunun yas ortalamasi
53,6 + 12,4 yildir (medyan 55,5 yil, 26-76 yil
araliginda). Hastalarin %65,7’si (n=44) erkek,
%34,3'U (n=23) kadin hastalardan olugmaktadir.
Siroz grubunda, hastalarin  %86,2’si (n=25)
erkek, 9%13,8'i (n=4) kadin, kontrol grubunda
hastalarin %50’si (n=19) erkek, %50’si (n=19)
kadin hastalardir. Siroz grubunda erkek cinsiyet
kontrol grubundan daha sik gdrulmektedir
(p=0.002). KKH etiyolojisi, hastalarin %44,8’'inde
(n=30) HBV idi (Tablo-1). KKH etiyolojilerinden
kriptojenik (p=0,129), NAYKH (p=0,226), AYKH
(p=0,433), HCV (p=0,878), HBV + HCV
(p=0,379), HBV + HDV (p=0,379) sikhidi gruplar
arasinda benzerken, kontrol grubunda HBV
sikhgi (p=0,048) siroz grubundan daha fazladir.

Gruplar arasinda AST ve ALT seviyesi agisindan
farklihk yoktur (p=0,111, p=0,349). ALP seviyesi
daha yuksektir. Ancak gruplar arasindaki fark
anlamliiga ulagsamamigtir (p=0,064). Albimin
seviyesi siroz grubunda kontrol grubundan daha

dusuktir (p<0,001). Total ve direk bilirubin
seviyesi siroz grubunda daha yuksektir
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(p<0,001). PLT seviyesi siroz grubunda kontrol
grubundan daha duasdktar (p<0,001). INR
seviyesi siroz grubunda 1,2 + 0,1, kontrol
grubunda 1,0 * 0,1°di. INR seviyesi siroz
grubunda daha ylksektir (p<0,001). PT seviyesi
siroz grubunda daha uzundur (p<0,001).
Gruplarda laboratuvar verilerinin dagihmi Tablo-
2'de belirtilmistir.

Gorintileme bulgularinda siroz grubunda KC
kontur dizensizligi (p<0,001) ve splenomegali
(p<0,001) sikh@i kontrol grubundan daha fazladir.
Hepatomegali (p=0,122) sikhdi gruplar arasinda

benzerdir. Endoskopik degerlendirmede Siroz
grubunda  hastalarin  %86,2’sinde  (n=25)
O0zofageal varis varken, kontrol grubunda

hastalarin %18,9’'unda (n=7) vardir. Ozofageal
varis sIkli§i siroz grubunda daha fazladir
(p<0,001).

Hastalarin ortalama APRI skoru 0,99 + 0,79'dur
(medyan 0,75, 0,13-3,69 araliginda), ortalama
FIB-4 skoru 3,06 + 2,32'dir (medyan 2,30, 0,29-
10,41 araliginda). Siroz grubunda ortalama APRI
skoru 1,30 + 0,74, kontrol grubunda 0,75 %
0,76’dir. Siroz grubunun APRI skoru kontrol
grubundan daha yuksektir (p<0.001). Siroz
grubunun ortalama FIB-4 skoru 4,67 + 2,54,
kontrol grubunun 1,83 + 1,05’dir. Siroz grubunun
FIB-4 skoru kontrol grubundan daha yuksektir
(p<0,001). FIB-4 skoru 3,25 ve uzerinde
oldugunda siroz hastalarini diger kronik karaciger
hastalarindan olusan kontrol grubundan %58
sensitivite, %86 spesifite ile ayirmaktadir. APRI
skoru 2'nin Uzerinde oldugunda, siroz hastalarini
kontrol grubundan %10 sensitivite, %92 spesifite
ile ayirmaktadir (Tablo-3).

FIB-4 skoru 1,45 oldugunda kronik karaciger
hastalarini siroz hastalarindan %39 sensitivite,
%96 spesifite ile ayirmaktadir. APRI skoru 0,5 ve
altinda oldugunda kronik karaciger hastalarini
siroz hastalarindan %50 sensitivite, %89 spesifite
ile ayirmaktadir. ROC analizinde siroz tanisinda
en iyi APRI skorunun 1,32 oldugu goérialmustir.
APRIigin 1,32 esik deger olarak kabul edildiginde
siroz tanisindaki sensitivitenin %48, spesifitenin
%90 oldugu gordlmuistir (AUC=0,777, %95 GA
0,665-0,888, p<0,001) (Sekil-1).

ROC analizinde siroz tanisinda en iyi FIB-4
skorunun 4,24 oldugu gorulmastir. FIB-4 igin
4,24 esik deger olarak kabul edildiginde siroz
tanisindaki sensitivitenin %51, spesifitenin %97
oldugu gorulmuastir (AUC=0,863, %95 GA 0,775-
0,948, p<0,001) (Sekil-2).
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Tablo-1. Gruplarda laboratuvar verilerinin dagilimi.

Siroz Kontrol

Medyan Ortalama * SS Medyan Ortalama * SS P
AST (U/l) 36 441+ 29,9 24,5 36,7 + 25,8 0,111
ALT (U/l) 26 33,56+28,7 25,5 46,5 +48,4 0,349
ALB (g/dl) 3,4 31+1.2 4,3 42+0,7 <0,001
T.BiL(mg/dl) 1,1 1,5+£1,0 0,6 0,6+0,3 <0,001
D.BiL(mg/dl) 0,5 0,7+0,7 0,2 0,2+0,1 <0,001
ALP (U/l) 109 118+ 75 81 86 + 45 0,064
PLT(103x pL) 103 138 + 140 188 200 + 104 <0,001
INR 1,2 1,2+0,1 1,0 1,0£0,1 <0,001
PT (sn) 14,7 13,8142 12,1 11,9+3,0 <0,001

*Mann Whitney U testi
** AST; Aspartat aminotrnsferaz, ALT, Alanin aminotransferaz, ALB; Albumin, T.BIL; Total Bilirubin, D. BiL; Direkt

bilirubin, ALP; Alkalen Fosfataz, PLT; Platelet, INR; International Normalized Ratio, PT; Protrombin Zamani

Tablo-2. FIB-4 ve APRI skorlarinin siroz tanisindaki yeri.

FIB-4 < 1.45 APRI <0.5
Sensitivite %58,62 %10.34
Spesifite 286,84 292,11
Pozitif Olabilirlik Orani 4,46 11324
Negatif Olabilirlik Orani 0,48 0,97
Pozitif Prediktif Deger %77,27 0,5
Negatif Prediktif Deger %73,33 %57,38
Dogruluk %74,63 %56,72
*Ki-kare testi
Tablo-3. FIB-4 ve APRI skorlarinin siroz tanisini diglamadaki yeri
FIB-4 < 1.45 APRI 0.5
Sensitivite %39,47 0,5
Spesifite %96,55 %89,66
Pozitif Olabilirlik Orani 11,45 4,83
Negatif Olabilirlik Orani 0,63 0,56
Pozitif Prediktif Deger %93,75 %86,36
Negatif Prediktif Deger %54,90 %57,78
Dogruluk %64,18 %67,16

*Ki-kare testi
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Sekil-1. APRI degerlerinin ROC analizi

TARTISMA

Gunimuizde karaciger fibrozisi ve siroz tanisinda
altin standart yontem hala histolojik incelemedir.
Ancak invazif ve agrili bir islem olmasinin yani
sira  Onemli komplikasyonlara sahiptir. Bu
nedenle siroz tanisinda invazif olmayan
yontemlere basvurulmaktadir. Bu ydntemler
arasinda olan APRI ve FIB-4 indeksleri giderek
daha yaygin kullaniimaktadir. Karaciger biyopsisi
gerekliligini azalttigi yoninde veriler olmasina
ragmen, karaciger fibrozisi ve siroz tanisinda, her
iki indeks icin ¢cok sayida esik deger, degisen
oranlarda sensitivite ve spesifiteler bildirilmistir
(11). Bu yontemlerin siroz  tanisinda
kullanilabilirlikleri hakkinda daha c¢ok veriye
ihtiyag bulunmaktadir (12-13).

Calismada ilk dikkat geken bulgu siroz grubunda,
diger kronik karaciger hastaliklarindan olusan
kontrol grubuna kiyasla APRI ve FIB-4 skorlarinin
daha yuksek olmasidir. Bu sonug farkli etiyolojik
faktorlerle gelisen karaciger yetersizligi
vakalarinda APRI ve FIB-4 testlerinin Klinik taniyi
destekledigini gostermektedir. Ancak hentiz klinik
olarak siroz tanisi almamig bir hastada bu
testlerin siroz tanisini éngérmede yarari kisithdir.
Calismamizda testlerin sensitivite ve spesifite
analizlerinin bu yontemlerin tek basina tanida
kullanilamayacagina isaret etmektedir. Yapilan
calismalarin ¢gogunda APRI ve FIB-4’lin siroz
tanisinda 6nemli oldugu bildiriimesine ragmen,
cesitli esik degerler, degisen sensitivite ve
spesifite degerleri bildirilmistir. Bizim
calismamizdaki esik degerlerle uyumlu birgok
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Sekil-2. FIB-4 skorunun ROC analizi

calisma bulunmaktadir. Vallet-Pichard ve ark’i
(2007)8 tarafindan FIB-4 hakkinda yapilan éncl
calismada g¢alismamizla ayni esik degerler tercih
edilmistir (1,45 ve 3,25). FIB-4’Un siroz igin tani
gucut AUC= 091 (%9 GA 0,86-0,93)
bildirilmistir. FIB-4 <1,45 altinda belirgin fibroziste
negatif prediktif degeri %94,7, FIB-4>3,25
Uzerinde belirgin fibrozis igin pozitif prediktif
degeri %82,1 ifade edilmistir. Calisma sonucunda
FIB-4 igin 1,45-3,25 degerleri disinda dogru ve
guvenilir sonuglar verdigi goéralmustur. FIB-4’ln
calismamizda siroz tanisi icin 3,25 Uzerindeki
pozitif prediktif degeri %77, sirozun
dislanmasinda 1,45 altindaki negatif prediktif
degeri %55 bulunmustur. Calismalar arasindaki
farkin en énemli nedeni Vallet-Pichard ve ark.’nin
(6) calismasinda belirgin fibrozis (F3-F4)
incelenirken, calismamizda sadece klinik olarak
siroz tanisi alan dolayisiyla (F4) kabul edilecek
hastalarin incelenmesi olabilir.

APRI ve FIB-4’Un igin tani degeri ylksek olan

daha farkhh esik degerlerin tanimlandig
calismalar da bulunmaktadir. Li ve ark. (10)
tarafindan yapilan c¢alhsmada 822 HBV

hastasinda FIB-4 ve APRI skorunun belirgin
fibrozis ve siroz tanisindaki yeri
degerlendirilmistir. 30 yas Uzeri hastalarda APRI
skorunun siroz tanisindaki AUC degeri 0,78 (%95
GA 0,75-0,82), FIB-4’4n 0,72 (%95 GA 0,68-
0,76) hesaplanmistir. Bu ¢alismada ayrica, siroz
tanisinda en az %90 spesifite sagdlayan en
yuksek FIB-4 degerinin 2,6 oldugu, siroz tanisini
dislamada en iyi degerin 1,2 oldugu (sensitivite
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%91, spesifitesi %32) ifade edilmistir. Benzer
sekilde en az %90 spesifitedeki siroz tanisindaki
en iyi APRI skorunun 1,5 oldugu, siroz tanisini
dislamadaki en iyi esik degerinin 0,4 oldugu
(sensitivite %91, spesifite %36) ifade edilmistir.

Lin ve arki (2015) (14) tarafindan yakin bir
zamanda yapilan calismada 631 kronik HBV
hastasinda FIB-4 ve APRI skorlarinin siroz
tanisindaki yeri deg@erlendirilmistir. Calismada
FIB-4 indeksinin belirgin fibrozis ve siroz
tanisinda (AUC=0,869) APRI skorundan daha
degerleri (AUC=0,706) oldugu ifade edilmistir.
FIB-4 indeksi icin 0,87 ve 3,40 esik degerlerinin
belirgin fibrozis yoklugu ve siroz tanisi igin
dogrulugun sirasiyla %69,2 ve %84,4 oldugu
bildirilmistir. FIB-4<1,63’n  siroz  tanisini
dislamadaki  sensitivitesi  %89,8, spesifitesi
%64,2, FIB-4>3,40’In siroz tanisi igin sensitivitesi
%55,1, spesifitesi %93,2’ydi. APRI < 1,10 skoru
icin sensitivite %71,4, spesifitesi %67,9, APRI >
4,03 icin sensitivite %16,3, spesifite %95,1
bildirilmistir.

Lin ve ark’1 (2011) (15) yaptiklari meta-analizde
40 calisma ve 8739 HCV hastasini
degerlendirmistir. APRI skorunun siroz tanisinda
AUC degeri 0,83 bildirilmigtir. APRI icin 1,0 esik
degerinin siroz tanisinda %76 spesifitede, %72
spesifitede oldugu ifade edilmistir. 2,0 esik
degerinin siroz tanisindaki spesifitesinin %91,
sensitivitesinin ise %46 oldugdu ifade edilmistir.

Zhu ve ark’i (2011) (16) yaptiklari prospektif
calismada 175 kronik HBV hastasi
degerlendirilmigtir. ~ Siroz ~ tanisinda  APRI
indeksinin AUC degeri 0,83 (%95 GA 0,77-0,90)
ifade edilmigtir. FIB-4 icin AUC degeri ise 0,77
(%95 GA 0,68-0,85) olarak ifade edilmigtir. Siroz
tanisinda APRI icin 1,0 esik degerinin %76
sensitivite, %70 spesifiteye, FIB-4 igin 1,9 esik
degerinin %69 sensitivite ve %75 spesifiteye
sahip oldugu belirtilmigtir.  Belirgin  fibrozis
saptamadaki en iyi esik degerlin APRI icin 0,5
(sensitivite %82, spesifite %83), FIB-4 igin 1,7
oldugu (sensitivite %74, spesifite %84)
bildirilmigstir.

Usluer ve ark (2012) (17) tarafindan yapilan
calismada kronik HCV enfeksiyonu olan
hastalarda FIB-4 ve APRI skorlarinin belirgin
fibrozisi saptamadaki yeri degerlendiriimis, daha
kompleks yontemler (Fibrotest, AP indeksi) ile
karsilastiriimigtir. FIB-4 icin 1,45 esik degerinin
sensitivitesi %62, spesifitesi %67 bulunurken,
APRI 0,5 esik degeri icin sensitivite %71,
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spesifite %55 bildirilmigtir. Calismada APRI ve
FiB-4 indekslerinin belirgin fibrozis tanisinda
daha kompleks yontemlerle benzer sonuglar
verdigi ifade edilmistir. Belirgin fibrozis siroz ile es
deder olmamasina ragmen, sirozun Oncusu
olmasi nedeniyle bu c¢alismanin sonuglari
calismamizla karsilastirilabilir.

Zhang ve ark. tarafindan yapilan g¢alismada
karaciger biyopsisi yapilan 212 kronik HBV
hastasi de@erlendirilmigstir. Biyopsi ile fibrozis ve
siroz tanisi evrelenmis veya dogrulanmistir. FIB-
4’Un siroz tanisindaki AUC degeri 0,756 (%95 GA
0,687-0,825) bildirilmistir  (18). Calismanin
sonucunda kronik hepatit hastalarinda FiB-4’iin

siroz  tanisinda kullanilabilecedi, biyopsi
gerekliligini azaltabilecegi ifade edilmistir.
Siroz tanisinda APRI ve FIB-4 indekslerinin

basarili oldugunu ifade eden cgalismalarin aksine,
siroz tanisinda istenen dlzeyde belirleyici
olmadigini ifade eden calismalar da
bulunmaktadir. Cheng ve ark. tarafindan yapilan
calismada kronik HBV hastalarinda on non-
invazif yontemin siroz tanisi ve fibrozis
tahminindeki roli degerlendirilmistir. APRI ve
FIB-4 yonteminin siroz tanisinda AUC degerleri
sirasiyla 0,69 (%95 GA 0,64-0,74) ve 0,76 (%95
GA 0,72-0,80) bildirilmigtir. AUC degerlerine gore
siralandiginda APRI indeksinin onuncu sirada,
FiB-4 indeksi  sekizinci sirada  oldugu
go6rulmastar. Tani icin en yiksek AUC degerlerini
HALF indeksi, FibroScan ve Zeng modeli
saglamistir (19).

Siroz tanisinda invazif olmayan ydntemlerin
giderek yaygin kullaniimasina ragmen,
sensitiviteleri ve spesifiteleri istenen duzeyde
degdildir. Bu nedenle tek bagina kullanimlari
Onerilmemektedir. Diger taraftan ézel durumlarda
FIB-4 ve APRI modellerinin  kullanimlari
sinirlanmaktadir. Xiao ve ark. tarafindan yapilan
calismada HCC'nin eslik ettigi HBV hastalari
degerlendirilmistir. Bu hastalarda siroz tanisinda
APRI ve FIB-4 modellerinin AUC degeri sirasiyla
0,676 ve 0,652 hesaplanmigtir. Calismada APRI
ve FIB-4 degerlerinin fibrozisle korele olmasina
ragmen, HCC’nin eglik ettigi hastalarda siroz igin
tani degerinin azaldig1 bildirilmigtir (20). Bu
nedenle FIB-4 ve  APRI sonuglarinin
yorumlanmasina dikkat edilmeli, yardimci
yontemler dikkate alinmalidir. Ek olarak
aminotransferazlarin normalin Ust limiti
tanimlamasi  galismalar  arasinda  farklilik
gOstermektedir. Perazzo ve ark. vyaptiklar
caismada AST igin normalin Ust limiti
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tanimlamalarinin degisimin siroz tanisini nasil
etkiledigini degerlendirmistir. Calismada APRI
indeksiyle degerlendirilen siroz sikhdinin %34,7
ila %68,5 arasinda degisim g0sterdigi, yalanci
pozitifik oraninin  %0-61 arasinda degisim
gOsterdigi ifade edilmistir (21). Dider taraftan
siroz ve fibrozis icin APRI ve FIB-4’in ¢aligmalar
arasinda farkh sensitivite, spesifite ve AUC
degerlerinin  bildiriimesinde, c¢alismalarin  bir
kisminda HBV, bir kisminda HCV, calismamizin
da aralarinda oldugu bir kisminda ise tim
nedenlerle siroz gelisen hastalarin dahil edilmesi
o6nemli bir neden olabilir.

APRI indeksi siklikla HBV ve HCV hastalarinda
incelenmistir.  APRI'nin  diger etyolojilerdeki
kullanimi sinirl sayida g¢alismaya konu olmustur.
Festi ve ark. (22) tarafindan yapilan calismada
NAYKH hastalarinda fibrozisin ve siroz tanisinda
APRI indeksinin 0,54 oldugunda AUC=0,75,
sensitivitesi %77,3, spesifitesi %70,9 oldugu
ifade edilmistir. Naveau ve ark. (23) tarafindan
yapilan c¢alismada alkol ile iligkili karaciger
hastaliginda APRI skorunun siroz tanisinda AUC
degerinin 0,67 oldugu bildiriimistir. Bu ¢alismada
APRI skorunun Fibrotest ve Hepaskor'dan daha
disuk dlizeyde belirleyici oldugu goérilmustir.
Calismamizda ise APRI skorunun viral hepatit,
alkol ile iligkili karaciger hastalidi, kriptojenik ve
NAYKH'dan olusan hasta grubunda iyi bir
belirleyici oldugu goésterilmigtir. Benzer gsekilde
FIB-4’Un fibrozis ve siroz tanisindaki belirleyiciligi
siklikla viral nedenlerde incelenmistir (24). Ancak
NAYKH hastalarinda 6zellikle fibrozis tanisinda
AUC degerinin 0,80 oldugu, hastalarin %60’ inda
biyopsi gerekliligini azaltti1 ifade edilmistir (25-
27). Viral hepatitlere bagl siroz hastalarinin
yaninda, alkolik karaciger hastaligi, non-alkolik
yagh karaciger hastaligi da yer almaktadir (28).
Viral nedenler disinda da FIB-4 hakkindaki
sonuglar olumlu yénde olmasina ragmen kesin
bir sonuca varmak igin yeterli sayida calisma
bulunmamaktadir (29, 30). Calismamizda tim
etiyolojiler degerlendirildigi icin  sonuglarimiz
dikkatli yorumlanmalidir.

Calismamizin bazi kisithliklari bulunmaktadir.
Birincisi, ¢alismamiz  retrospektif calisma
dizayninda oldugu icin retrospektif dizaynin sahip
oldugu tim kisithliklara sahiptir.  ikincisi,
calismamiza dahil edilen hasta sayisi kismen
azdir. Diger taraftan, APRI ve FIB-4 indekslerinin
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sadece klinik olarak siroz tanisi olan hastalardaki
yeri deg@erlendirilmistir, bu hastalarda karaciger
biopsisi olmadigi icin fibroz derecesi konusundaki
sensitivite ve spesifiteleri degerlendiriimemistir.
Ek olarak, calismamiza dahil edilen siroz
hastalarinda tek bir nedenden ziyade tim
nedenler dikkate alinmistir (31). Calismamizin
diger bir kisithhgi siroz tanisinda biyopsi
haricinde hastalarin klinik semptomlari,
goruntileme bulgular ve laboratuvar yéontemleri
de kullanilmistir. Bu nedenle APRI ve FIB-4
indekslerinin  siroz tanisindaki sensitivite ve
spesifiteleri oldugundan daha fazla bulunmus
olabilir.

SONUG

Karaciger biyopsisi siroz tanisinda o6nemini
korumasina ragmen, komplikasyonlar ve ylksek
maliyetli olusu dikkate alindiginda invazif
olmayan yontemlerin popdularitesini arttirmaktadir.
Siroz ve fibrozis tanisinda, giderek artan sayida
non-invazif yontem ileri sirllmektedir. Bu
yéntemlerin icerisinde 6n siralarda yer alan APRI
ve FIB-4’Un c¢alismamizda siroz tanisini
destekledigi gosterilmistir. APRI indeksinde 1,32
esik degerinde siroz tanisinda AUC=0,777
(sensitivite %48, spesifite %90), FIB-4 indeksinde
4,24 esik degerinde AUC=0,863 (sensitivite %51,
spesifite %97) olarak bulunmustur. Her iki testte
de yiksek spesifite yaninda yetersiz bir duyarlilik
gOrulmektedir.

Siroz tanisinda hem APRI hem de FIB-4
indeksleri onemli non-invazif ~ yodntemler
arasindadir. Bu ydntemlerin klinik pratikte daha
sik kullanilmasi siroz gelisen hastalarin dnceden
belirlenmesine, yiuksek maliyetli  anti-viral
tedavilerin uygun hastalara ydnlendiriimesine
rehberlik edecektir. Diger taraftan &6nemli
komplikasyonlara neden olabilen karaciger
biyopsisi gerekliligini azaltacaktir. Ancak APRI ve
FIB-4 yodntemlerinin sensitivite ve spesifite
analizleri dikkate alindiginda tek basina siroz
tanisinda vyeterli olmadiklari sdylenebilir. Bu
nedenle tani ve takip ydntemleri icerisine entegre
edilerek, tani veya taninin diglanmasinda diger
laboratuvar ve géruntileme yéntemleri ile birlikte

dikkate alinmasi daha guvenli sonuglarin
alinmasini saglayacaktir.
Cikar Catismasi: Yazarlar aralarinda ¢ikar

catismasi olmadigini beyan etmiglerdir.
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Ekstremite sinoviyal sarkomlarinin manyetik rezonans goérintiileme bulgulari
Magnetic resonance imaging findings of extremity synovial sarcomas

ipek Tamsel ilhan Hekimsoy

Ege Universitesi Tip Fakiiltesi Radyoloji Anabilim Dali, izmir, Tirkiye

0z
Amag: Bu cgalisma ekstremite sinoviyal sarkomlarinin manyetik rezonans goérintileme (MRG)

bulgularinin lezyon yerlesim yeri ile iligkisini inceleyerek ayirici tanida faydali olabilecek gorintileme
bulgularini saptamayi amaglamaktadir.

Gereg¢ ve Yontem: Ocak 2004- Aralik 2022 tarihleri arasinda histopatolojik olarak sinoviyal sarkom
tanisi almis ve bolimimuze cerrahi 6ncesi goriintileme icin yonlendirilen olgularin MRG bulgulari kas-
iskelet sistemi radyolojisinde on yildan fazla deneyimi olan radyoloji hekimi tarafindan retrospektif olarak
degerlendirildi.

Bulgular: Calismaya 29 lezyon (16 proksimal, 13 distal apendikuler) dahil edildi. Lezyonlarin 20 (%69)
tanesinde T1 agirlikh (T1A) serilerde hiperintens sinyal izlendi. T2 agirlikh (T2A) goruntilerde sivi sinyali
lezyonlarin 24 (%82,8)'inde saptandi. ‘Triple sign’ lezyonlarin 23 (%79,3) tanesinde mevcuttu. T1A
sekansta lezyonlarin 25 (%86,2)'inde, T2A serilerde ve kontrastli imajlarda ise 28 (%96,6)inde
inhomojenite izlendi. Lezyonlarin 18 (%62,1)i solid agirhkli olarak siniflandi. Perilezyonel 6dem
olgularin 27 (%93,1)'sinde, fasyal 6dem ise 25 (%86,2)'inde izlendi. Lezyonlarin 9 (%31)'unda komsu
kemikte osteit lehine 6dem veya infilirasyon saptandi. Kalsifikasyon ise lezyonlarin 15 (%51,7)
tanesinde tespit edildi. Proksimal ve distal apendikiler yerlesim gosteren lezyonlarin MRG bulgulari
arasinda anlamli farklihk izlenmedi (p>0,05).

Sonug: T1A goruntilerde ylksek sinyal, ‘triple sign’ varligi, heterojen kontrastlanan solid agirlikli lezyon,
kalsifkasyon varligi, perilezyonel ve fasyal 6dem sinoviyal sarkomun ¢alismamizda yaygin olarak tespit
edilen MRG bulgularidir. Ekstremite sinoviyal sarkomlarinin gdérintileme bulgulari apendikiler
iskeletteki yerlesimine goére degiskenlik gdstermemektedir.

Anahtar Soézciikler: Ekstremite, Manyetik rezonans gorintileme, Sinoviyal sarkom, Yumusak doku
sarkomu

ABSTRACT

Aim: To identify imaging findings that could aid in differential diagnosis by assessing the relationship
between magnetic resonance imaging (MRI) characteristics and lesion location of extremity synovial
sarcomas.

Materials and Methods: MRI findings of patients diagnosed with synovial sarcoma histopathologically
between 2004—-2022 and referred to our department for preoperative imaging were retrospectively
evaluated by a radiologist with more than ten years of experience in musculoskeletal radiology.

Results: The study included 29 lesions (16 proximal, 13 distal appendicular). In 20 (69%) lesions,
hyperintense signals were observed in T1-weighted (T1W) series. In T2W images, fluid signal was
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detected in 24 (82.8%) lesions. The ‘triple sign’ was present in 23 (79.3%) lesions. In T1W images,
inhomogeneity was observed in 25 (86.2%) lesions, while in T2W series and contrast-enhanced images,
it was detected in 28 (96.6%) lesions. 18 (62.1%) lesions were classified as predominantly solid.
Perilesional edema was observed in 27 (93.1%) cases, while fascial edema was observed in 25 (86.2%)
cases. In 9 (31%) lesions, edema favoring osteitis or infiltration was identified in the adjacent bone.
Calcification was detected in 15 (51.7%) lesions. No significant difference was observed in the MRI
findings of lesions with proximal and distal appendicular localization (p>0.05).

Conclusion: High signal on T1W images, presence of the ‘triple sign’, a predominantly solid lesion with
heterogeneous enhancement, presence of calcification, perilesional and fascial edema are the MRI
findings commonly detected in synovial sarcoma in this study. The imaging findings of extremity synovial

sarcomas do not vary per their location.

Keywords: Extremity, Magnetic resonance imaging, Synovial sarcoma, soft tissue sarcoma

GiRiS

Primer yumusak doku malignitelerinin %2,5 -
10’unu olusturan sinoviyal sarkom, pleomorfik
sarkom, liposarkom ve rabdomyosarkomdan
sonra dordincli en sik goérulen yumusak doku
sarkomudur (1-3). Adodlesan ve geng erigkin
olgularda siklikla 15-40 yas arasinda saptanir
(1,3,4). Olgularin %80-95'inde ekstremitelerde
yerlesim gosterir. Alt ekstremite tutulumu daha sik
olup, popliteal fossa en sk goéraldiga
lokalizasyondur (5-7). isminin aksine
sinoviyumdan koken almaz ve intraartikiler
yerlesim nadirdir (1). Olgular genellikle ele gelen
kitle ve sislik sikayeti ile basvurur. Lezyonlarin
yavas buyime gosterdikleri ve sikayetlerin
baslangicindan taniya kadar gecgen sirenin
ortalama 2-4 yil oldugu bildirilmigtir  (8).
Sikayetlerin uzun sireli olmasi ve lezyonlarin
yavas buyumesi agresif olmayan iyi huylu
yumusak doku lezyonlari ile karngtiriimalarina
neden olmaktadir.

Radyolojik degerlendirme tim&rin  yayilimi,
evreleme ve cerrahinin planlanmasinda 6nemli
olmakla birlikte, bulgular tani icin patognomonik
degildir. Lezyonlarin %30’unda kalsifikasyon
mevcut olup, eklem c¢evresinde kalsifikasyon
barindiran yumusak doku kitlesi saptanan gencg
hastalarda ayirici tanida sinoviyal sarkom &n
planda dusunulmelidir (1,3). Nadir olmayarak
olgularin %11-20’sinde komgsu kemikte benign
géranimld  diazgdn sinirh erozyon ve agresif
olmayan periost reaksiyonu olusturarak tanisal
yanilgiya sebep olabilir (1). Manyetik rezonans
goéruntilemede (MRG) T2 agirliklh gdrintilerde
belirgin heterojen gériinime sahip olup literatirde
bu gériinim ‘triple sign’ olarak tanimlanmistir (9).
Lezyon igerisindeki solid selliler komponent,
kanama/nekroz ve Kkalsifiye/fibrotik komponent
nedeniyle olusan ara, ylksek ve dusuk sinyalli

alanlari tanimlamaktadir (10). Ancak bu bulgu
baska yumusak doku sarkomlarinda da
gérilebilecegi igin  6zgulligd  dasuktar  (1).
Multiloblle gorindm, lezyon igerisinde septa
varligi ve sivi seviyelenmeleri tanimlanan diger
MRG bulgulari olup, Gziim kasesi (bowl of grapes)
gérinimu olarak adlandinimistir (1,11). Bu
bulgularin aksine 5 cm’den kiglk boyutlu
lezyonlar homojen i¢ yaplya ve dizgin sinira
sahip olarak  tanisal yanilgiya neden
olabilmektedir (12).

Karakteristik klinik ve goérintileme bulgularinin
olmamasi nedeniyle sinoviyal sarkom en sik
yanliglikla benign tanisi konulan yumusak doku
timoéradir (13,14). Klinik bulgularin iyi huylu
lezyonlar ile karisabilecek sekilde uzun sireli
olmasi ve lezyonlarin yavas blyumesi, dogru tani
icin goruntileme bulgularinin 6nemini
arttirmaktadir. Erken ve dogru tani ile hastalarin
uygun klinik yénetimi igin ayirici tanida sinoviyal
sarkomu o6n plana c¢ikaracak goérintileme
bulgularina farkindalik biylk énem tagimaktadir.
Bu nedenle galismamizda ekstremite sinoviyal
sarkomlarinin MRG bulgularinin lezyon yerlesim
yeri ile iligkisini inceleyerek ayirici tanida faydal
olabilecek gorintileme bulgularini  saptamayi
amagladik.

GEREG ve YONTEM

Etik kurul onayl alindiktan sonra Ocak 2004-
Aralik 2022 tarihleri arasinda histopatolojik olarak
sinoviyal sarkom tanisi almis ve bdolimumize
cerrahi ©ncesi goruntileme igin yonlendirilen
olgularin  MRG tetkiklerinin  analizi  igin
hastanemizin Gériintii  Arsivieme ve lletisim
Sistemleri (PACS) veri tabani sinoviyal sarkom
anahtar kelimeleri kullanilarak retrospektif olarak
tarandi. Bulunan olgulardan cerrahi éncesi MRG
tetkiki veya histopatolojik tanisi olmayan olgular
dislandiktan sonra 29 hasta ¢alismaya dahil edildi.
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Olgularin géruntileri hastanemizde mevcut olan
1,5 Tesla veya 3 Tesla (Magnetom Symphony,
Magnetom Amira veya Magnetom Verio, Siemens
Healthineers,  Erlangen, Germany) MRG
cihazlarinda multikanalli koiller kullanilarak elde
olundu. Géruntlleme protokoll birbirine dik en az
iki plan T1 agirhkli, t¢ plan siviya duyarli T2
agirlikli veya “short tau inversion recovery” (STIR)
ve kontrast dncesi ile kontrast sonrasi yag baskili
T1 agirikh (dinamik) imajlari icermekte olup,
lezyon yeri ve boyutu g6z éniine alinarak uygun
uzaysal ve kontrast ¢Ozunlrligd saglayacak
sekilde kas-iskelet radyolojisi sorumlu radyoloji
hekimi tarafindan belirlendi.

Tim MRG tetkikleri kas-iskelet sistemi
radyolojisinde on yildan fazla deneyimi olan
radyoloji hekimi tarafindan retrospektif olarak
degerlendirildi. Lezyon boyutlari birbirine dik ¢
planda  (anteroposterior, mediolateral  ve
kraniokaudal) olgildikten sonra, en uzun cgapi
kaydedildi.

Lezyon lokalizasyonu, sinyal karakteristikleri ve
eslik eden bulgular yoninden MRG tetkikleri
incelendi. Lezyonlarin lokalizayonu Ust ve alt
ekstremitede dirsek ve diz eklemleri referans
alinarak proksimal ve distal yerlesim
g6stermelerine goére siniflandiriidi. Lezyonlarin
sinyal karakteristiklerinde T1 agirlikli imajlarda kas
dokusunu gore yuksek sinyal varligi, siviya duyarl
sekanslarda sivi  sinyalinin  varligi, tim
sekanslarda sivi seviyelenmesi ve heterojenitenin
varhgi, siviya duyarli sekanslarda ‘triple sign’
varli§i yénunden incelendi. Triple sign, literatirde
tanimlandidi gibi siviya duyarli sekanslarda yag
dokusu referans alinarak ylksek, ara ve disuk
sinyalli alanlarin her G¢inidn lezyondaki varhginin
gOstergesi olarak kabul edildi (9). Lezyonun
%25’inden fazlasi inhomojen ise lezyon heterojen
olarak  kabul edildi. Kontrasth  serilerde
kontrastlanan solid komponent %75’ten fazla ise
lezyon solid agirlikh, %25-75 arasinda ise kismi
solid ve %25ten az ise minimal solid olarak
gruplandirildi.

Eslik eden bulgulardan lezyon gevresinde 6dem
veya fasyal 6dem varligi, komsu eklemde efiizyon
veya infiltrasyon varligi, komsu kemikte 6dem
veya infiltrasyon varlidi ve lezyon igerisinde
kalsifikasyon varhgi arastirildi.  Kalsifikasyon
varhdi olgularin ayni dénemde ¢ekilmis bilgisayarli
tomografi (BT) veya direkt grafi tetkikleri ile de
korele edildi.

istatistik analiz ‘Statistical Package for the Social
Sciences (SPSS) versiyon 25 kullanilarak yapildi.
Sirekli degiskenlerin normal dagilima uyup
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uymadigi Shaphiro-Wilk testi ile degerlendirildi.
Surekli degiskenler ortalama ve standart sapma
degerleri ile verildi. Kategorik veriler ise sayl ve
yuzdeleri ile ifade edildi. Surekli degiskenler
Mann-Whitney U testi, kategorik degiskenler ise
ki-kare testi veya Fisher exact test ile
degerlendirildi. P degeri 0,05 in altinda olan
sonuglar istatistiksel olarak anlamli kabul edildi.

BULGULAR

Calismaya 14 (%48,3) erkek ve 15 (%51,7) kadin
hasta dahil edildi. Tium hasta grubunun yas
ortalamasi 31,1+16,9 olup, erkek ve kadinlarin
yas ortalamalari arasinda anlamli fark izlenmedi
(p=0,71). Lezyonlarin 16 (%55,2) tanesi
proksimal, 13 (%44,8) tanesi distal apendikiler
iskelette yerlesim go6stermekteydi. Lezyonlarin
ortalama boyutlari 10,9+4,9 cm olarak ol¢ulda.
Lezyon yerlesim vyeri ile lezyon boyutu arasinda
anlamli iliski saptanmadi (p=0,135).

Lezyonlarin 20 (%6) tanesinde kas dokusuna
kiyasla T1 agirlikh serilerde hiperintens sinyal
izlendi. T2 agirhkh goérintilerde sivi sinyali
lezyonlarin 24 (%82,8)'Ginde saptandi. Herhangi
bir sekansta sivi seviyelenmesi lezyonlarin 5
(%17,2)'inde goruldu. ‘Triple sign’ lezyonlarin 23
(%79,3) tanesinde mevcuttu (Sekil-1). T1 agirlikli
sekansta lezyonlarin 25 (%86,2)’'inde, T2 agirlikh
serilerde ve kontrasth imajlarda ise 28
(%96,6)’'inde inhomojenite izlendi. Lezyonlarin 18
(%62,1)'i solid agirlikli, 4 (%13,8)’U kismi solid, 7
(%24,1)’i ise minimal solid olarak siniflandi.
Perilezyonel 6dem olgularin 27 (%93,1)’sinde,
fasyal 6dem ise 25 (%86,2)inde izlendi. Lezyona
komsu eklemde efizyon 12 (%41,4) olguda,
komsu eklem invazyonu ise 17 (%58,6) olguda
saptandi. Lezyonlarin 9 (%31)unda komsu
kemikte osteit lehine 6dem veya infiltrasyon
saptandi. Kalsifikasyon ise lezyonlarin 15 (%51,7)
tanesinde tespit edildi.

Lezyonlari 16 (%55,2) tanesi proksimal ve 13
(%44,8) tanesi distal apendikliler iskelette
yerlesim gostermekteydi. T1 agirhkli serilerde
hiperintens sinyal, T2 agirlikh goruntilerde sivi
sinyali, herhangi bir sekansta sivi seviyelenmesi,
‘triple sign’ varlig, T1, T2 ve kontrastl
sekanslarda inhomojenite, lezyonlarin i¢ yapisi,
perilezyonel ve fasyal 6dem varligi, komsu
eklemde eflizyon ve invazyon varligi, komsu
kemikte osteit lehine 6dem veya infiltrasyon,
kalsifikasyon  varligi  yoninden  lezyonlar
yerlesimine gbre karsilastirildi. Degerlendirilen
goruntileme bulgularindan higbirinde lezyon
yerlesimine go6re anlamli farkhhik saptanmadi
(p>0,05, Tablo-1).
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Sekil-1. 31 yasinda kadin hasta, sol kruris postero-medial kompartmanda sinoviyal sarkoma ait kitle lezyonu. T2
agirlikli koronal planda gérintide kitle iginde dusuk (kalsifikasyon/ fibrotik komponent) (ince ok), ara (solid selliler
komponent) (kalin ok) ve yuksek (kanama/ nekroz) (siyah ok) sinyal igeren ‘triple sign’ goriinimud mevcuttur (A).
T1 agirlkli goriintide kitle ara ve disuk sinyal 6zelliginde izlenmektedir(B).

Postkontrast T1 agirhkh yag baskili goriintide kitlenin solid kesimlerinde belirgin kontrast parlaklasmasi (ok)
mevcuttur (C).

Tibia 6n-arka radyografide kitle icindeki dusik sinyalli alanlarin kalsifikasyona ait (ok) oldugu izlenmektedir

(D).

Tablo -1. Sinoviyal Sarkomlu Olgularin Yerlesimine Gére Manyetik Rezonans Gorlntileme Bulgulari.

Gorintlileme bulgulari  Tim hastalar Proksimal Distal Apendikiler p
(n=29) Apendikuler (n=16)  (n=13)
Lezyon boyutu 10,9+4,9 12,245,5 9,4£3,5 0,13
(maksimum ¢ap, cm)
Puls sekanslarinda 5(17,2) 3(18,8) 2 (15,4) 1,0
SIVI SIVI seviyesi
T1A hiperintensite 20 (69,0) 11 (68,8) 9 (69,2) 1,0
T2A sivi sinyali 24 (82,8) 15 (93,8) 9 (69,2) 0,14
Triple sign 23 (79,3) 13 (81,3) 10 (76,9) 1,0
inhomojen sinyal
T1A imajlar 25 (86,2) 11 (84,6) 14 (87,5) 1,0
T2A imajlar 28 (96,6) 15 (93,8) 13 (100) 1,0
Kontrastli imajlar 28 (96,6) 15 (93,8) 13 (100) 1,0
Lezyon igyapisi 0,42
Agirlikh solid 18 (62,1) 8 (50) 10 (76,9)
Kismi solid 4 (13,8) 3(18,8) 1(7,7)
Minimal solid 7(24,1) 5(31,3) 2 (15,4)
Perilezyonel 6dem 27 (93,1) 15 (93,8) 12 (93,2) 1,0
Fasyal 6dem 25 (86,2) 14 (87,5) 11 (84,6) 1,0
Komsu eklemde 12 (41,4) 7 (43,8) 5(38,5) 0,77
eflizyon
Komsu eklemde 12 (41,4) 6 (37,5) 6 (46,2) 0,64
invazyon
Komsu kemikte osteit 9 (31,0) 3(18,8) 6 (46,2) 0,23
veya invazyon
Kalsifikasyon 15 (51,7) 8 (61,5) 7 (43,8) 0,34

o T1A, T1 agirhkli; T2A, T2 agirhkh

e Veriler ortalamatstandart sapma veya sayi (yuzde) olarak verildi

e P degeri proksimal ve distal apendikiler yerlesim gosteren lezyonlarin kargilastirmasini temsil etmektedir. P<0,05
olan sonuglar istatistiksel olarak anlamli kabul edildi.
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TARTISMA

Bu c¢alismada lezyon igerisindeki hemoraji
odaklarina isaret eden T1 agirlikh serilerde yiuksek
sinyal olgularin 2/3’ten fazlasinda gorllrken,
lezyon igerisindeki kistik-nekrotik alanlari temsil
eden T2 agirhikh goérintllerdeki sivi sinyali
lezyonlarin yaklasik 4/5’inde izlendi. Herhangi bir
sekansta sivi seviyelenmesi ise olgularin yaklasik
1/6’'sinda mevcuttu. Literatlirde sinoviyal sarkom
olgularinda %47’sine varan oranda hemoraji
varigi ve c¢alismamizdaki sonuglara benzer
sekilde de %10-25’inde de sivi seviyelenmesi
bildirilmistir (1). Pediyatrik yas grubunda Farkas
ve ark. tarafindan vyapilan calismada ise
ekstremite yerlesimli sinoviyal sarkom olgularinin
%62,5’inde T1 agirhkli sekanslarda hemoraji
saptanirken, T2 agirlikli serilerde sivi sinyali
lezyonlarin  %56,3’Unde izlenmigtir (15). Ayni
calismada daha agresif seyir gosterdigi saptanan
aksiyel iskelet vyerlesimli sinoviyal sarkom
olgularinin ise %86’sinda hemoraji ve sivi
sinyalinin varligi bildiriimistir (15). Calismamizda
literatlire kiyasla daha ylksek oranda hemoraji ve
kistik-nekrotik komponent saptanmasinin nedeni
olgularimizin  ylksek dereceli olmasi ile
aciklanabilir.

Calismamizda lezyonlarin yaklasik 4/5'inde T2
agirhkh sekanslardaki solid selliler kisim ile
kanama/nekroz ve Kkalsifiye/fibrotik komponenti
temsil eden ‘triple sign’ mevcut iken, olgularin
buyuk cogunlugu (28/29, %96,6) kontrastl
imajlarda heterojen olarak izlendi. Literaturde ise
genis serilerde ‘triple sign’ olgularin %35-57’sinde
bildirilmigtir (1). Liang ve ark. c¢alismalarinda
olgularin  %87,5'inde heterojen kontrastlanma
bildirirken (16), Farkas ve ark. pediyatrik yas
grubunda  apendikiler iskelette  yerlesen
lezyonlarin  %62,5'inde ve aksiyel iskelette
yerlesen daha koétu prognozlu lezyonlarin ise
tamaminda heterojen kontrastlanma tespit etmistir
(15). Heterojen kontrastlanma sinoviyal sarkomun
ganglion kisti veya hematom gibi benign yumusak
doku kitlelerinden ayirmada kullanilabilecek
yararl bir gériintileme bulgusudur.

Perilezyonel  6dem, Baheti ve ark.nin
calismasinda olgularin %45’inde saptanirken,
metastaz gelisimi ile korelasyon gdsterdigi
saptanmigtir (17). Literatirde komsu kemikte
erozyon veya kemik ili§i invazyonu sinoviyal
sarkomlu olgularin  %2%’inde bildirilirken (1),

sinoviyal sarkomlu olgularin yaklasik %27-
59%9unda kalsifikasyon varligi  gdsterilmistir
(1,18,19). Cahismamizin  yiksek  dereceli

Cilt 64 Say1 2, Haziran 2025 / Volume 64 Issue 2, June 2025

lezyonlardan olusmasini  destekler  sekilde
olgularimizda perilezyonel 6dem ve kemik
tutulumu literatire gére daha ylksek oranda
izlenirken, kalsifikasyon ise benzer oranda
saptandi.

Calismamizda proksimal ve distal apendikiler
iskelette yerlesim go6steren sinoviyal sarkom
lezyonlarinin MRG bulgulari arasinda istatistiksel
anlamli farklilik izlienmedi. Benzer sekilde Farkas
ve ark.’nin galismasinda da proksimal ve distal
apendikller yerlesim goOsteren lezyonlarin
géruntileme bulgulari birbirine benzer olarak
bildirilmis olup (15), aksiyel iskelette yerlesen
lezyonlara gbére daha iyi seyir gOsterdikleri
belirtilmistir. Ancak calismamizin yiksek dereceli
lezyonlardan olusmasi nedeniyle MRG bulgulari,
Farkas ve ark’nin (15) caligsmasindaki aksiyel
yerlesimli lezyonlar ile benzer olarak izlendi.

Calismamizin gesitli sinirhliklari bulunmaktadir.
Bunlardan ilki calismanin retrospektif natlri olup,
bunun disinda goérece kigik 6rneklem
blyUkligline sahip olmasi da bir diger sinirlihk
olarak kabul edilebilir. Ancak c¢alismamizin
orneklem blyUklugu literatirdeki calismalar ile
benzer olarak izlenmektedir (9,15,19). Ek olarak
calismamizin sadece yuksek dereceli
lezyonlardan olusmasi, disik dereceli lezyonlarin
MRG o6zellikleri hakkinda yorum yapilmasina
engel olmustur. Ayrica MRG bulgulari igin
g6zlemci i¢ci ve gb6zlemciler arasi uyum
degerlendirilmemigtir.

SONUG

Sonug olarak, bu galismada ekstremite sinoviyal
sarkomlarinin MRG bulgularinin lezyon yerlesim

yeri ile iligkisi incelenmis olup, T1 agirhkh
gorunttlerde  ylksek sinyal, T2 agirhkl
goruntilerde ‘triple sign’ varligi, kontrastli

imajlarda heterojen kontrastlanan solid agirlikli
lezyon, lezyon igerisinde kalsifkasyon varlgdi,
perilezyonel ve fasyal ddem sinoviyal sarkomun
calismamizda yaygin olarak tespit edilen MRG
bulgularidir. Ekstremite sinoviyal sarkomlarinin
goruntileme bulgulari apendikiler iskeletteki
yerlesimine gére degiskenlik gdstermemektedir.
Bu bulgulara farkindalidin artmasi, hastalarin
uygun klinik ydnetim ile zamaninda ve dogru tani
almasi igin 6nem tagimaktadir.

Cikar Catismasi: Yazarlar aralarinda ¢ikar
catismasi olmadigini beyan etmiglerdir.

Finansal Aciklama: Yazarlar bu makalenin
arastirimasi ve/veya yazarlidi icin herhangi bir
finansal destek almamistir.
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Cyberchondria and quality of life in anxiety and obsessive-compulsive
disorder: A cross-sectional assessment from a tertiary center

Anksiyete ve obsesif kompulsif bozuklukta siberkondri ve yasam kalitesi: Bir
universite kliniginden kesitsel bir degerlendirme

Selin Tanyeri Kayahan?! Ozlem Kuman Tuncel 2 Damla isman Haznedaroglu?
Sebnem Pirildar?

1Psychiatry Clinic, Republic of Turkey Ministry of Health Yalvag State Hospital Isparta, Tilrkiye
2Department of Psychiatry, Ege University Faculty of Medicine izmir, Turkiye

ABSTRACT

Aim: Cyberchondria refers to excessive internet searches for medical knowledge. Studies evaluating
cyberchondria in the psychiatric clinical population are scarce. We aimed to investigate the
relationship between cyberchondria and general anxiety, health anxiety, and quality of life scores of
patients diagnosed with anxiety disorders or obsessive-compulsive disorder.

Materials and Methods: Sociodemographic, clinical, and internet use-related data of the patients who
applied to the psychiatric outpatient clinic of a university hospital were collected. Sixty-one patients
with anxiety disorders (n = 34), obsessive-compulsive disorder (n = 22), or both were included.
Hamilton Anxiety Rating Scale (HARS), Cyberchondria Severity Scale (CSS), Anxiety Sensitivity
Index-3 (ASI-3), Health Anxiety Inventory Short Version (SHAI), Adult Separation Anxiety
Questionnaire (ASA), and Short Form 36 (SF-36) were applied.

Results: Most visited websites were social media (86.9%), more than half of the participants did
online research about psychiatric disorders, half of those felt relief, and 10% changed or stopped their
medication after online searches. CSS scores were associated with SHAI (p = .007), HARS (p = .022),
absence of psychiatric comorbidity (p = .005), and average time spent on the internet per day (p <
.001) in regression analysis. SF-36 social functioning scores were negatively correlated with CSS
scores (r = -.276, p = .036). Anxiety disorders and obsessive-compulsive disorder patients did not
differ significantly in terms of CSS scores (p = .650, t = .457).

Conclusion: Considering the increasing digitalization and internet use, research is needed to navigate
the development of appropriate interventions by examining the concept of cyberchondria and its
relationship with mental disorders.

Keywords: Cyberchondria, internet use, anxiety disorders, obsessive-compulsive disorder, quality of
life

oz

Amag: Siberkondri, tibbi bilgiye erisim amaciyla yapilan asiri diizeyde internet aramasi anlamina gelir.
Psikiyatrik klinik poplilasyonda siberkondriyi degerlendiren ¢alismalar az sayidadir. Calismamizda
anksiyete bozuklugu veya obsesif kompulsif bozukluk tanisi alan hastalarda siberkondri diizeyleri ile
anksiyete, saglik anksiyetesi ve yasam kalitesi puanlari arasindaki iligkiyi arastirmayi amacladik.
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Gere¢ ve Yontem: Bir I(niversite hastanesinin psikiyatri poliklinigine basvuran hastalarin
sosyodemografik, klinik ve internet kullanimina iliskin verileri toplandi. Anksiyete bozuklugu (n = 34),
obsesif kompulsif bozukluk (n = 22) veya her iki taninin birlikte gérdldiigi toplam 61 hasta ¢alismaya
dahil edildi. Katilimcilara Hamilton Anksiyete Degerlendirme Olgedi (HADO), Siberkondri Ciddiyet
Olgegi (SCO), Anksiyete Duyarliligi indeksi 3 (ASI-3), Sadlik Anksiyetesi Olgedi Kisa Formu (SAO-
KF), Yetiskin Ayrilma Anksiyetesi Anketi (YAAA) ve Kisa Form 36 (SF-36) uygulandi.

Bulgular: En ¢ok ziyaret edilen web sitelerinin sosyal medya (%86,9) oldugu, katilmcilarin yarisindan
fazlasinin psikiyatrik bozukluklarla ilgili ¢evrim igi arastirma yapmis oldugu, arastirma sonrasinda
yarisinin rahatlama hissi yasadigi ve %10'unun g¢evrim i¢i aramalar sonrasinda ilaglarini degistirmis
veya birakmis oldugu saptandi. Regresyon analizinde SCO puanlari SAO-KF (p = .007), HADO (p =
.022), psikiyatrik komorbiditenin olmamasi (p = .005) ve ginliik internette gecirilen ortalama siire (p <
.001) ile iligkiliydi. SF-36 sosyal islevsellik puanlari ile SCO puanlari arasinda negatif korelasyon
gordldii (r = -.276, p = .036). Anksiyete bozukluklari ve obsesif-kompulsif bozukluk tani gruplari
arasinda SCO puanlari agisindan anlamii bir fark bulunmadi (p = .650, t = .457).

Sonug: Artan dijitallesme ve internet kullanimi g6z éniine alindiginda, siberkondri kavramini ve bunun
psikiyatrik hastaliklarla iliskisini inceleyerek uygun miidahalelerin geligtiriimesine yén verecek
arastirmalara ihtiyag vardir.

Anahtar Sozciikler: Siberkondri, internet kullanimi, anksiyete bozukluklari, obsesif kompulsif
bozukluk, yasam kalitesi

INTRODUCTION healthy controls (8). They reported that patients

With the widespread use of the internet, access  With ADs and OCD showed higher cyberchondria
to information on health-related issues has Symptom severity than healthy controls and a
become more common than ever (1). Many users  Positive  correlation between cyberchondria
experience feelings of comfort and competence scores and HA measures. Newby and McElroy
after conducting online health research. At the (2020) found that patients with illness anxiety
same time, some describe increased anxiety and  disorder and/or somatic symptom disorder (i.e.,
stress levels after extensive or repetitive hypochondriasis) who received internet-delivered
research, which might result in cyberchondria (2).  cognitive  behavioral therapy targeting HA

Cyberchondria is derived from “cyber’, referring ~Showed improvement in cyberchondria levels
to internet use, and “hypochondriasis”, referring after treatment compared to the baseline (7).

to pathological health anxiety (HA), without any In our study, we aimed to examine the
causal implication ). Several characteristics and relationship of cyberchondria

conceptualizations, including  cyberchondria ~ With various psychopathological parameters in
being an amp”fier of HA, being a form of patients with ADs and/or OCD. We hypothesized
prob]ematic internet use, or functioning as a that in a clinical Sample, levels of Cyberchondria
safety behavior, exist (2, 4). Despite the view that ~would increase as general anxiety (GA), anxiety
Cyberchondria is a modern version of sensitivity (AS), and HA scores increased.

hypochondriasis, a concept including both Secondly, we investigated a possible negative
anxiety and compulsiveness, defining a relationship between cyberchondria levels and

syndrome-like phenomenon with  quality of life scores (QoL) of patients diagnosed
multidimensional elements is increasingly With ADs and OCD. Finally, based on its
supported (4). compulsive  pattern, we presumed that

Few studies were performed on clinical samples cyberchondria I_evels_would_be higher in patients
to investigate cyberchondria in the general With OCD thanin patients with ADs.

population (5, 6). Meanwhile, to our knowledge, MATERIALS AND METHODS
two studies investigated cyberchondria in Participants and Sampling
psychiatric clinical populations (7, 8). Vismara et : . .
: This cross-sectional, analytical, and non-
al. (2022) compared cyberchondria levels among . .
tients with anxiety disorders (AD b Y interventional study was conducted at the
patients anxiety disorders (ADs), obsessive- specialized outpatient clinic for ADs and OCD at

compulsive  disorder (OCD), and major . . s ;
depressive disorder (MDD), as well as a group of Ege University School of Medicine Psychiatry
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Department. The Declaration of Helsinki
principles were followed. The patients provided
written informed consent to participate in this
study voluntarily.

All the patients followed up in the specialized
outpatient unit were invited to the study
sequentially when they attended their routine
appointments. Inclusion criteria were being older
than 18 years, being literate, and being followed
up with any AD and/or OCD in the unit. Exclusion
criteria were being pregnant, having active
psychotic symptoms, being diagnosed with
psychotic disorders, dementia, or bipolar
disorders, having mental retardation, and non-
voluntariness. The patient recruitment of the
study was conducted between July 2018 and
October 2019. Ethical approval was obtained
from the local committee (Registration
Date&Number: 01.06.2018, 18-6.1/28).

Clinical Evaluation and Data Collection Tools

A semi-structured interview was used to collect
sociodemographic data, psychiatric history, and
information on internet use. The following
variables were investigated: age, gender,
education level, relationship status, employment
status, household  members, psychiatric
diagnosis, OCD diagnosis and obsession types,
psychiatric comorbidities, alcohol consumption,
drug consumption, family history for psychiatric
disorders, and current medications. Most visited
websites (social media, health-related, shopping,
gaming, educational), health-related and
psychiatry-related research on the internet, and
any change in medication after a health-related
internet search, as well as average time spent
daily on the internet, were asked. Hamilton
Anxiety Rating Scale (HARS) was applied to
assess overall anxiety levels (9). HARS consists
of 14 questions evaluating anxiety levels and is
valid and reliable in Turkish (10).

The Turkish version of the Cyberchondria
Severity Scale (CSS) was administered to
measure cyberchondria severity. This self-report
guestionnaire consists of 33 items rated on a 5-
point Likert scale from 1 (never) to 5 (always),
constituting five subscales related to the
multidimensional conceptualization of
cyberchondria: compulsion, distress,
excessiveness, reassurance-seeking, and
mistrust of medical professionals (MMP) (11).
Total score ranges from 33 to 165, with higher
scores indicating higher levels of cyberchondria.
Previous studies and a recent systematic review
of the CSS found very good to excellent
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psychometric properties (12). The scale was
adapted to Turkish by Uzun and Zencir (2021)
with a Cronbach alpha of 0.89 for the total score
indicating adequate psychometric properties of
validity and reliability (13). In some studies using
the CSS, the MMP subfactor was found not to
measure cyberchondria, hence removed from the
CSS total scores (14). In the current study, both
CSS scores were calculated (with and without
MMP), and all the statistics were performed
accordingly.

Turkish versions of the following self-report
guestionnaires were administered to evaluate the
symptom severity of various cyberchondria-
related constructs that pointed out an association
with cyberchondria in previous studies. Health
Anxiety Inventory Short Version (SHAI) consists
of 18 items and is a self-report scale used to
determine participants’ HA levels (15). Anxiety
Sensitivity Index 3 (ASI-3) is an 18-item scale
evaluating AS effectively and multidimensionally
(16). Adult Separation Anxiety Questionnaire
(ASA) is a 27-item questionnaire assessing the
symptoms of separation anxiety in adulthood
(17). Finally, Short Form 36 (SF-36) is a self-
report questionnaire that evaluates patients’ QoL
parameters within eight dimensions (vitality,
physical functioning, bodily pain, general health
perceptions, physical role functioning, emotional
role functioning, social role functioning, and
mental health) (18). All these questionnaires are
valid and reliable in Turkish (19-22).

Statistical Analysis

Statistical Package for Social Sciences version
24 was used to analyze data (version 24.0; IBM
Corp., Armonk, NY, ABD). The statistical
significance threshold value was determined as p
< .05. Numerical data with normal distribution
were presented with mean and standard
deviation (SD) values, and with skewed
distribution were presented with median and
inter-quartile range (IQR) values. Kolmogorov-
Smirnov test was used to test normality. Normally
distributed numerical data were analyzed using
the Student’s t-test and the Pearson correlation.
Numerical data that failed the normality tests
were assessed with the Mann-Whitney-U test
and the Spearman correlation. Categorical data
were analyzed using Chi-square and one-way
analysis of variance tests. A multiple linear
regression model was applied to the significantly
correlated variables by specifying CSS scores as
the dependent variable.
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Ethical Considerations

All procedures performed in studies involving
human participants were in accordance with the
ethical standards of the institutional research
committee at Ege University and with the 1964
Helsinki Declaration or comparable ethical
standards. Informed consent was obtained from
all individual adult participants included in the
study.

RESULTS
Sample Characteristics

Sixty-one cases followed up with the diagnosis of
any AD (n = 34), OCD (n = 22), or both AD and
OCD (n = 5) were included in the study. Among
the baseline characteristics, education duration
was significantly longer in the ADs group (Table-
1).

Clinical Characteristics

Among 34 patients whose primary diagnosis was
any AD, 20 (58.8%) had panic disorder, eight
(23.5%) had generalized anxiety disorder, and
five (14.7%) had social anxiety disorder. Twenty-
seven patients had OCD. The most frequent
obsessions were about contamination (46%),
religion (14%), and symmetry (10%). Psychiatric
comorbidities were detected in 42.6% of the
population, and depression (61%) was the
primary comorbidity. 91.8% of the sample was
currently on medication and using at least one
type of antidepressant. Table-1 outlines the
clinical characteristics.

Internet Use-related Characteristics

Table-1. shows the internet use-related variables
of the sample in comparison between two
diagnostic subgroups.

CSS Total and Subscale Scores

The mean CSS score of the sample was
75.95+24.99 (Table-2). Age and CSS total scores
were negatively correlated (r = -.370, p = .004).
CSS total and subscale scores were not
significantly different between gender groups.
Total CSS scores were positively correlated with
years of education (o = .317, p = .015). CSS
scores were significantly higher in patients
without children (p = .005, t = -2.892). There was
no significant difference in CSS scores according
to relationship, employment, or household status.
CSS scores were analyzed regarding the
psychiatric clinical features of the sample.
Patients with comorbid psychiatric conditions
showed significantly lower levels of CSS total (p
= .020, t = -2.402). CSS scores did not
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significantly  differ regarding antidepressant
usage, but patients currently under medication
with antipsychotics showed lower levels of CSS
(p = .035, t = -2.535). There was no significant
difference in CSS scores regarding alcohol
consumption, drug use, or psychiatric family
history.

CSS total scores were evaluated according to
internet-related features of the whole sample.
Mean time spent on the internet per day was
positively correlated with CSS total (p = .597, p <
.001). Participants who previously searched
about any disease online had significantly higher
CSS total scores (p < .001, Z = -4.899). Patients
who previously researched any psychiatric
disease had significantly higher CSS total scores
(p = .029, Z = -2.178) than the remaining. CSS
total scores did not show any statistically
significant difference between patients who felt
relief after health-related online research and
those who did not.

CSS Scores between ADs and OCD Groups

There was no significant difference between ADs
and OCD groups for CSS (Table-2). In the OCD
group, CSS total scores did not significantly differ
by obsession type.

Correlations between CSS and SHAI, HARS,
ASI-3, ASA Scores

CSS total scores were correlated with HARS (r =
.361, p = .005), SHAI (r = .362, p = .005), and
ASI-3 (r = .320, p = .014) scores (Table-3). The
correlation statistics, which were performed for
ADs and OCD groups individually, are presented
in (Table-4).

Correlations between CSS and SF-36 Scores

There were no significant correlations regarding
SF-36 except physical functioning, vitality, and
social role functioning (Table-3). Correlations
between SF-36 and CSS scores were evaluated
according to diagnostic groups and indicated in
(Table-5).

Multiple Linear Regression Model of CSS and
Related Variables

A backward stepwise multiple linear regression
model was applied, specifying CSS as the
dependent variable. Among the related variables,
the absence of psychiatric comorbidity (p = .005),
higher average time spent on the internet (p <
.001), higher SHAI (p = .007), and HARS (p =
.022) scores predicted higher CSS scores (Table-
6).
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Table-1. Sociodemographic, Clinical, and Internet Use-Related Characteristics of the Sample

All samples ADs OoCD Statistics
(n=61) (n=34) (n=22)
] 39.14 35.86 + _ at—
Age (years: mean £ SD) 38.06 + 14.13 579 563 p=.4152%1t=0.822
Gender % (n)
Female 60.7 (37) 52.9(18) 68.2 (15) _ b 2
Male 39.3 (24) 47.1(16) 318 (7) p=.2587 x*=1.282
Education (median, IQR) 14.00, 4 15.00, 4 12.00, 4 p=.034¢272=-2122
Employment % (n)
Unemployed 42.6 (26) 41.2 (14) 50 (11)
Employed 42.6 (26) 38.2(13)  40.9 (9) p = .508, x2=1.356
Retired 14.8 (9) 20.6 (7) 9.1(2)
Relationship status % (n)
Single 32.8(20) 38.2(13) 27.3(6)
Married 55.7 (34) 55.9 (19) 54.5 (12) p =.307, x*=2.363
Divorced 11.5(7) 5.9 (2) 18.2 (4)
Children % (n)
Yes 50.8 (31) 44.1 (15) 54.5(12) _ .
No 49.2 (30) 55.9 (19) 45.5 (10) p=.446, x* = 0.582
Household % (n)
Family/Partner 59 (36) 52.9 (18) 68.2 (15)
Parents 26.2 (16) 26.5 (9) 27.3 (6) p =.230, x>=2.936
Alone 14.8 (9) 20.6 (7) 4.5 (1)
Psychiatric comorbidity % (n) 42.6 (26) 35.3(12) 40.9(9) p=.672, x*=0.180
S O 0
(Pns)y"h'at“c family history % 59 (36) 52.9 (18) 68.2 (15) p=.258, x?= 1.282
Current psychotropic
medication % (n)
Antidepressants 91.8 (56) 88.2 (30) 100 (22) p =.095, x>=2.787
Antipsychotics 21.3 (13) 11.8 (4) 36.4 (8) p=.0459 x2=2.801
Mood stabilizers 1.6 (1) 29 (1) - -
Benzodiazepines 3.3(2) 29() 45 (1) -
OC/Ou(rrr]‘)em alcohol consumption 23 (14) 206(7)  22.7(5) p = .849, x2 = 0.036
Current drug use % (n) 4.9 (3) 5.9 (2) 4.5 (1) -
HARS scores (mean £ SD / 11.02 + 4.52 1050,5  10.00,8 p=.680,Z = -0.412
median, IQR)
IQ';fRS'pSVCh'C (median, 5.00, 3 600,3 500 3 p=.492, Z = -0.687
HARS-somatic (mean = SD) 5.46 +2.68 5.47 +2.41 555+ 3.29 p=.922,t=-0.098
Average time minutes spent
on the Internet per day 120.00, 210 120.00, 240 120.00, 210 p=.324,Z=-0.986
(median, IQR)
Most visited websites % (n)
Social media 86.9 (53) 85.3(29) 86.4(19) p=.911, x*=0.012
Health-related 32.8 (20) 29.4 (10)  36.4 (8) p = .586, x* = 0.296
Shopping 21.3 (13) 147 (5)  36.4(8) p=.061, x*=3.515
Gaming 23 (14) 26.5 (9) 4.5 (1) p =.070, x> = 4.376
Educational 37.7 (23) 44.1 (15) 31.8(7) p =.375, x*=0.847
Online research about any _ _
disease % (n) 80.3 (49) 85.3(29) 72.7(16) p =.248, x*=1.336
X . 0
Relief after online research % 36.7 (18 275 (8 56.2 (9 D= .058, x2 = 3.604
(n)
Which disease was
researched? % (n)
Anxiety disorders 28.5 (14) 37.9(11) 125(2) p=.0949 x2=3.246
Obsessive-compulsive d w2 —
disorder 18.3(9) - 56.2 (9) p <.0019 x*=20.391
Heart diseases 14.2 (7) 24.1 (7) - p =.0409 x?=4.574
Online research about 65.6 (40) 70.6 (24) 59.1(13) p =.375, x*=0.788

psychiatric disorders % (n)
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Relief after online research

(about psychiatric disorders) 50 (20) 458 (11) 61.5(8) p =.362, x*=0.833
%(n)

Ever changed medication after _ d y2 =
online research % () 5() 4.1(1) 7.6 (1) p=.546 19 x2=0.984
Ever stopped medication after 5(2) ) 153 (2) p=.125¢ y2=4517

online research % (n)

Notes. ADs: Anxiety Disorders, OCD: Obsessive-Compulsive Disorder, IQR: Interquartile Range, SD: Standard
deviation, HARS: Hamilton Anxiety Rating Scale,
2 Independent Samples t-test, ® Chi-square, ¢ Mann Whitney-U test, 9 Fisher's Exact test.

Table-2. CSS Scores of All Sample, ADs, and OCD Groups

All samples ADs OCD Statistics
(n=61) (n=34) (n=22)
CSS total score (mean + SD) 759+249 78+259 74.7+239p=.6502 t=0.457
o) total score without MMP subscale (mean+ g5 1 4 534 67.1+24.3 63.9422.3p =631, t=0.483
— b -

CSS - compulsion (median, IQR) 10.0, 9 10.0, 9 11.0,7.5 8 52'320 2=
CSS — distress (mean £ SD) 178+66 188+6.7 17.1+6.2 p=.361,t=0.921
CSS — excessiveness (mean + SD) 21.1+83 21.2+84 211184 p=.952,t=0.060
CSS - reassurance (mean + SD) 13.1+56 13.3+58 132155 p=.415,t=0.822
CSS — MMP (median, IQR) 12.0,6 12.0,45 12.0,6.75 p=.800, Z=-0.253

Notes. ADs = Anxiety Disorders; OCD = Obsessive-Compulsive Disorder: CSS = Cyberchondria Severity Scale;
IQR = Interquartile Range; MMP = Mistrust of Medical Professionals; SD = Standard Deviation.
a Independent Samples t-test, ® Mann Whitney U.

Table-3. Correlations between CSS and SHAI, HARS, ASI-3, ASA, SF-36 scores

HARS z - < SF-36

Total Psychi Somati % g ™ g Phy;lcal Vitality Soma_l Rple

C Functioning Functioning
CSS total score r .361 .268 .290 .362 .320 .213 .252 -.119 -.276
p .005 .040 .026 .005 .014 .105 .056 377 .036
,\C/If/lsptc’ta' scorewithout | 333 283 331 .370 .332 .209 195 _172 -.306
p .010 .030 .010 .004 .011 .112 142 .200 .019
CSS compulsion r .183 .219 .161 .204 .264 .015 .023 -.670 -.297
p .165 .096 .222 .121 .045 .909 .866 .623 .024
CSS distress r .373 .259 .328 .386 .312 .257 .303 -.136 -,.186
p .004 .047 .011 .002 .017 .049 .021 .315 .162
CSS excessiveness r .408 .321 .307 .355 .247 .150 .168 -172 -.292
p .001 .013 .018 .006 .062 .258 .208 .200 .026
CSS reassurance r .334 231 .269 .228 .353 .297 .205 -111 -.212
p .010 .079 .039 .082 .007 .022 122 410 .110
CSS MMP r -191 -.186 -.098 -.031 -.065 -.056 .345 .329 .051
p .147 .159 .458 .815 .627 .672 .008 .013 .701

Notes. CSS = Cyberchondria Severity Scale; MMP = Mistrust of Medical Professionals; HARS = Hamilton Anxiety
Rating Scale; SHAI = Health Anxiety Inventory- Short Version; ASI-3 = Anxiety Sensitivity Index-3; ASA = Adult
Separation Anxiety Questionnaire; SF-36 = Short From-36. r = Pearson/Spearman Correlation Coefficient
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Table-4. Correlations between CSS and SHAI, HARS, ASI-3, ASA Scores According to Diagnostic Groups

HARS SHAI ASI-3 ASA
Total Psychic Somatic

ADs OCD ADs OCD ADs OCD ADs OCD ADs OCD ADs OCD

CSS total score r 345 294 287 .209 .286 .248 .636 .306 .469 .323 .395 .195
p .046 208 .099 .377 .101 .291 <.001 .189 .005 .177 .021 411

CSS total score r 439 330 .327 .220 .388 .358 574 336 472 354 449 272
without MMP p .009 .155 059 .350 .023 .158 .001 .147 .005 .137 .008 .246
CSS compulsion r .094 317 .093 .335 .075 .274 .272 152 346 299 .017 .114
p 595 173 599 148 675 .242 .120 523  .045 213 922 .632

CSS distress r 264 425 293 .153 .220 .441 .620 256 .431 .291 .405 .262
p 131 .061 .093 592 212 .052 <.001 277 .011 .227 .018 .265

CSS excessiveness r 391 250 .390 .171 .269 .320 .617 184 390 .269 .366 .060
p .022 288 .022 .471 .123 .169 <.001 .437 .023 .266 .034 .800

CSSreassurance r 418 135 .362 .044 .367 .091 .386 398 .383 443 431 .293
p .014 570 .035 .854 .033 .702 .024 .082 .025 .057 .011 .211

CSS MMP r .035 -520 -.042 -406 .155 -368 .171 -222 .176 -221 .249 -381

.845

.019

.812

.076

.380

A11

.332

.347

319 .364

155

.097

p
Notes. ADs = Anxiety Disorders; OCD = Obsessive-Compulsive Disorder; CSS = Cyberchondria Severity Scale;

MMP = Mistrust of Medical Professionals; HARS = Hamilton Anxiety Rating Scale; SHAI = Health Anxiety
Inventory- Short Version; ASI-3 = Anxiety Sensitivity Index-3; ASA = Adult Separation Anxiety Questionnaire. r =
Pearson/Spearman Correlation Coefficient.

Table-5. Correlations between CSS and SF-36 subscale scores according to AdDs and OCD groups

SF-36 SF-36 SF-36 SF-36
bodily pain social role physical general health
functioning functioning perceptions

ADs OCD ADs OCD ADs OCD ADs OCD

CSS total score r 442 .308 .335 114 .136 .305 .297 .047
p .010 .186 .057 .633 450 192 .093 .843

CSS total score r .459 270 .310 195 .065 .248 .372 .075
without MMP p .007 .250 .079 410 719 291 .033 .754
CSS-compulsion r 402 .203 .365 .207 .034 .100 177 122
p .020 .391 .037 .381 .850 .674 .325 .609

CSS-distress r .368 172 141 .143 311 .166 .293 .048
p .035 .468 .435 .548 .078 .485 .098 .841

CSS-excessiveness r .380 .209 .370 237 .096 139 .343 124
p .029 377 .034 .315 597 .560 .051 .601

CSS-reassurance r 448 425 .360 .059 .041 443 .105 .030
p .009 .062 .040 .806 .822 .051 .560 .899

CSS-MMP r .002 .289 .391 .458 .091 .466 .180 167
p .993 217 .025 .043 .616 .038 .316 .482

Notes. ADs = Anxiety Disorders; OCD = Obsessive-Compulsive Disorder; CSS = Cyberchondria Severity Scale;
MMP = Mistrust of Medical Professionals; SF-36 = Short Form-36. R = Pearson Correlation Coefficient; p =
Spearman Correlation Coefficient.

Table-6. Regression coefficients and confidence intervals (Cl) of variables that have a significant association with

CSS scores
Dependent variable Dependent variable
CSS (R?=0.542) CSS without MMP (R? = 0.569)
Eactors @ Regression coefficient (B) 95% CI p Regression coefficient (B) 95% ClI p
Unstandardiz Standardize Unstandardiz Standardize

ed d ed d
Absence of psychiatric comorbidity 14.788 0.287 4.57- 005 14.321 0.296 504~ 4o3

’ ' 25.00 ' ’ 2359
Average time on the internet per day 0.57 0.383 0.02-0.08 < .001 0.048 0.348 0.02-0.07 .001
SHAI scores 0.776 0.289  0.21-1.33 .007 0.754 0.299  0.24-1.26 .004
HARS scores 1.370 0.241  0.20-2.53 .022 1.620 0.304 0.56-2.67 .003

Notes. CSS = Cyberchondria Severity Scale; MMP = Mistrust of Medical Professionals; SHAI = Health Anxiety
Inventory- Short Version; HARS = Hamilton Anxiety Rating Scale.
a Backward stepwise multiple linear regression analyses.
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DISCUSSION

To our knowledge, this study on health-related
internet use and cyberchondria in a psychiatric
clinical sample is the second of its kind, together
with that of Vismara et al. (2022) (8). Our results
demonstrated that cyberchondria severity was
significantly associated with GA and HA levels.
However, AS showed a correlation signal, which
failed to come forward in the regression analysis.
Our second hypothesis was almost completely
unsupported since overall QoL scores were not
associated with cyberchondria scores.
Meanwhile, social role functioning, a subdomain
of QoL, stood out, highlighting the possible
impact of ADs, OCD, and related cyberchondria
behavior on the social abilities of individuals with
lived experience. Lastly, we did not find any
difference regarding cyberchondria severity
between patients with ADs and OCD.

The current results support previous findings and
extend to assessing the impact of cyberchondria
on the patients’ QoL. Although cyberchondria has
been shown to be associated with HA in the
general population (2), it has not been studied in
a sample with ADs. Cyberchondria may be
closely related to compulsiveness, and one of its
core features is repetitive and time-consuming
online health research resembling obsessive-
compulsive behavior (1, 12).

In line with the primary hypothesis, GA, HA, and
AS scores increased as cyberchondria levels
increased in the whole sample, and the multiple
linear regression model showed that HA scores
predicted cyberchondria levels, along with GA
scores, absence of psychiatric comorbidity and
average time spent on the internet per day. This
finding is consistent with previous studies (2, 4).
Many studies reported a moderate to strong
relationship between HA and cyberchondria, with
correlation coefficients ranging from 0.50 to 0.67
(12). In this study, the coefficient was 0.36,
indicating a weaker correlation. However, a
relationship between cyberchondria and anxiety
levels was found in the ADs group but not in the
OCD group. Considering that both cyberchondria
and anxiety levels do not show a statistically
significant difference between the two groups,
there might be different factors associated with
cyberchondria in the OCD group. A recent
network analysis reported that the relationship
between cyberchondria and HA showed variable
values, and the two concepts were closely
related but distinct structures (12). Some studies
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emphasizing the compulsiveness of
cyberchondria reported that contagion
obsessions in OCD patients showed a stronger
relationship with cyberchondria compared to
symmetry obsessions (23). However, the findings
of the current study do not support a relationship
between obsession types and cyberchondria.
There was no significant relationship between
cyberchondria and GA, HA, and AS in this group,
compared to significant correlations between
those variables in the ADs group. Consequently,
cyberchondria may indicate a distinct entity with
different aspects and may not always be
associated with HA. Based on these findings, it
seems essential to evaluate the interaction of
cyberchondria in cases with OCD by different
associated psychopathological variables in future
studies.

CSS total scores in this study were compared
with the results of two other psychiatric clinical
studies. Among patients with illness anxiety
disorder and/or somatic symptom disorder (i.e.,
hypochondriasis), Newby and McElroy (2020)
found a higher mean score of CSS than the
current study’s sample (102.2+21.4) (7). On the
other hand, Vismara et al. (2022) reported a CSS
mean score of 62.8+20.1 which was lower than in
this study’s sample (8). Comparing these current
results with previous research findings, patients
with ADs and/or OCD suffer a lower level of
cyberchondria than patients primarily diagnosed
with HA or hypochondriasis. Patients with higher
levels of cyberchondria might have been referred
to the tertiary psychiatric clinic in the present
study, which could result in higher CSS means
and symptom severity (24).

A critical feature of cyberchondria is a decrease
in the person's other daily activities because of
health-related internet searches (1). The present
study determined that the QoL social functionality
scores decreased as cyberchondria severity
increased. Other areas of QoL were not related
to cyberchondria. This finding is consistent with
the results of a study in which cyberchondria and
WHO-QOL scale ratings were negatively
correlated in a non-clinical sample (25).

The relationship between cyberchondria and QoL
is important but relatively understudied. It was
reported that pain catastrophizing may contribute
to cyberchondria, especially in the context of
chronic pain (26). When the two diagnostic
groups were examined regarding QoL, as the
levels of cyberchondria increased in the group
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with ADs, the patients' pain-related QoL
decreased. This relationship was not found in the
OCD group. Based on this result, it might be
helpful to examine the relationship between
cyberchondria and pain catastrophizing in future
studies for ameliorating adequate interventions
aiming at increasing the QoL of individuals with
mental disorders.

Zavorotnyy et al. (2020) reported that in a patient
group with MDD, extended exposure to health-
related internet research was associated with
poorer medication adherence (27). In the present
study, very few patients who performed health-
related internet use changed or stopped their
medication. This finding might be interpreted as
medication adherence levels were unaffected by
cyberchondria and/or health-related internet use.
This distinction may be due to the difference in
primary diagnostic groups. Kalckreuth et al.
(2014) reported that 36.2% of psychiatric patients
having health-related internet searches believed
that the internet could help them cope with their
mental disorders (28). This study supports the
current findings in which half of the patients who
searched about mental illness on the internet
reported relief afterward.

Along with the COVID-19 pandemic, several
factors, including the heightened perception of
threat and difficulty in coping with uncertainty
faced by society and individuals all over the
world, have paved the way for the increase in the
presence of cyberchondria (29). Various
vulnerability factors have been identified in terms
of cyberchondria, including personal
characteristics such as younger age, female
gender, or a history of mental disorder,
engagement in some forms of online behavior,
such as increased acceptance of online
information, increased use of social media, and
information overload. In contrast, information
about the pandemic and adaptive emotion
regulation might serve as buffering factors for
anxiety during the pandemic (30). In a recent
study, cyberchondria presented a positive
correlation with various phenomenology of
anxiety (i.e., metacognitive beliefs about anxiety,
GA, HA, anxiety about COVID-19) and with
depression, OCD symptoms, and problematic
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Coklu beyin metastazlarinin stereotaktik radyoterapisi i¢in tek izomerkezli
dinamik konformal ark tedavi (DCAT) ve volumetrik ayarli ark tedavi (VMAT)
planlama tekniklerinin dozimetrik karsilastiriimasi

Dosimetric comparison of single isocenter dynamic conformal arc therapy (DCAT)
and volumetric modulated arc therapy (VMAT) planning techniques for stereotactic
radiotherapy of multiple brain metastases

Nezahat Olacak Sinan Hoca Mert Delikaya Yusuf Ziya Hazeral
Deniz Yalman

Ege Universitesi Tip Fakiiltesi Radyasyon Onkolojisi Anabilim Dali, izmir, Tirkiye

0z
Amag: Coklu beyin metastazlarinda stereotaktik radyoterapi (SRT) igin dinamik konformal ark tedavi
(DCAT) ile volumetrik (hacimsel) ayarl ark tedavi (VMAT) planlama tekniklerinin karsilastiriimasidir.

Gereg ve Yontem: 2-5 metastazi olan 10 hastanin toplam metastaz sayisi 33 idi. DCAT planlarinda
BrainLab Elements, VMAT’da Eclipse tedavi planlama sistemleri kullanildi. Planlanan hedef hacimlere
3-5 fraksiyonda 25-30 Gy doz verildi. Risk altindaki organlar icin (OAR) ortalama ve maksimum
dozlara ek olarak bazi organlar igin de 0,5 ve 0,2 cm? lik hacimlerin aldigi dozlar (Dos ve Do2), normal
beynin Vxey hacimleri (Vsey Vsey Vioey Vi2ey Viscy Ve Vaacy cm?) ve monitor unit (MU) karsilastirildi.

Bulgular: Plan kalitesi i¢in konformite indeks degerlerinde DCAT VMAT ye goére (p= 0,005) tstinlik
saglarken, gradiyent indeks degerlerinde aradaki fark anlamsizdi (p= 0,359). OAR’de sadece beyin
sap! Dort. (p=0,009) ve Dos (p=0,047) icin fark DCAT lehine anlamli iken, digerlerinde benzer sonuglar
elde edildi. Normal beyin Vioey Vizey Ve Visey agisindan VMAT planlari DCAT’a gére 6nemli avantaj
sagladi (sirasiyla, p= 0,028, p= 0,028, p= 0,047). MU icin planlar benzerdi (p=0,059).

Sonug: DCAT ve VMAT ile bese kadar beyin metastazi olan hastalarda klinik olarak kabul edilebilir
planlar elde edildi. DCAT plani plan kalitesi ve beyin sapi dozlarinda, VMAT plani daha iyi normal
beyin korumasi ve daha dusuk bir 1sinlama suresi agisindan 6nemli avantaj sagladi.

Anahtar Soézciikler: Beyin metastazlari, Stereotaktik radyoterapi, Tek izomerkezli ¢oklu hedefli
radyoterapi, Dinamik konformal ark tedavi, Hacimsel ayarli ark tedavi.

ABSTRACT

Aim: To compare dynamic conformal arc therapy (DCAT) and volumetric modulated arc therapy
(VMAT) planning techniques for stereotactic radiotherapy (SRT) in multiple brain metastases.

Materials and Methods: The total number of metastases in 10 patients with 2-5 metastases was 33.
BrainLab Elements treatment planning system (TPS) for DCAT plans and Eclipse TPS was used for
VMAT. A dose of 25-30 Gy in 3-5 fractions was administered to the planning target volumes. In
addition to the mean and maximum doses for organs at risk (OAR), doses received by 0.5 and 0.2 cm?
volumes for some organs (Dos and Do), Vxey volumes of the normal brain (Vscy Vscy Vioey Vizey Viscy
and Vaacy cm?3) and monitor unit (MU) were compared.
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Results: For plan quality, DCAT was significantly superior to VMAT in conformity index values
(p= 0.005), while the difference in gradient index values was not significant (p= 0.359). In OAR, the
difference was significant in favor of DCAT only for brainstem Dmeq (p= 0.009) and Dos (p= 0.047),
while similar results were obtained in the others. VMAT plans provided significant advantages over
DCAT in terms of normal brain Vioey Vi2ey and Visey (p= 0.028, p= 0.028, p= 0.047, respectively).

Plans for MU were similar (p=0,059).

Conclusion: Clinically acceptable plans were obtained with DCAT and VMAT for patients with up to
five brain metastases. The DCAT plan is significantly superior in terms of plan quality and brainstem
doses, while the VMAT plan provided significant advantages in terms of better normal brain protection

and a shorter irradiation time.

Keywords: Brain metastases, Stereotactic radiotherapy, Single isocenter multi-target radiotherapy,
Dynamic conformal arc therapy, Volumetric modulated arc therapy.

GiRiS

Beyin metastazlari eriskin kanser hastalarinin
yaklasik %20-40'inda gorilmektedir. Gegmiste
beyin metastazli hastalarda tim  beyin
radyoterapisi (TBRT) standart tedavi iken,
radyoterapi tekniklerindeki ilerlemelerle &zellikle
lineer hizlandirici bazli stereotaktik radyocerrahi
(SRS) veya fraksiyone stereotaktik radyoterapi
(SRT) uygulamalari kullanima girerek lokal
kontrolde  ve risk  altindaki organlarin
korunmasinda 6nemli avantajlar saglamistir (1-
3). Stereotaktik uygulamalarda planlanan hedef
hacim (PTV) kic¢lk oldugundan ve hedef disinda
radyasyon dozunda hizli dusus
saglanabildiginden hedefe yuksek doz
uygulanirken hedef disindaki saglikli dokularin
dozlari en aza indirgenerek tedavi planinda
yuksek doz konformitesi saglanabilir (4, 5).

SRS, sinirli sayida ve buyuklikte hedefler igin
yuksek dozlarin (genellikle 20 Gy) tek
fraksiyonda, SRT ise daha buyik hedefler igin
birden fazla fraksiyonda (genellikle 3-5
fraksiyonda 25-30 Gy) uygulandigi tedavi
teknikleridir. Beyin metastazlarinda stereotaktik
radyoterapi  uygulamalarinin  lokal  kontrolu
arttirdigi, beyin metastazlarinin  sikligini  ve
ndrobiligsel hasari azalttigi, sag kalimi arttirma
egilimi gdsterdigi bildirilmistir (6, 7). Geg¢miste
SRS/SRT kullanimi disik sayida (<4) beyin
metastazlari ile sinirliyken son ¢alismalarda daha
fazla sayida beyin metastazi olan hastalar igin de
kullanilabilecegi bildirilmistir (4, 5, 8). Yamamoto
ve ark. tarafindan dislk hacimli beyin
metastazlari igin SRS/SRT ile 5-10 beyin
metastazinda 2-4 beyin metastazina benzer sag
kalimin saglandigi ve ndrobilissel fonksiyonun
korundugu rapor  edilmistir  (9). Diger
calismasinda ise, SRS/SRT'nin  dikkatlice
secilmis 10’dan fazla sayida beyin metastazi olan
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hastalarda da uygulanabilecegi gdzlemlenmigstir
(10). Cahsmalarda daha blylk lezyonlarin
tedavisinde, normal doku toksisite riskini en aza
indirmek ve lokal kontroli iyilestirmek igin
hipofraksiyone SRT yaklagimi 6nerilmigtir (11-
13). BuylUk beyin metastazlar icin SRS ile
karsilastirildiginda radyonekroz riskinin daha
disuk oldugu rapor edilmistir (14-16).

Stereotaktik uygulamalarda recete edilen hedef
dozun planlanmasi ve uygulanmasi son derece
hassas ve dogru olmali, uygun planlama teknigi
tercih edilmelidir. Lineer hizlandirici tabanli tedavi
modalitelerinde recgete edilen dozlar, hedefe
genellikle dinamik konformal ark tedavi (DCAT)
veya volumetrik (hacimsel) ayarli ark tedavi
(VMAT) teknikleri kullanilarak uygulanir. DCAT,
cok yaprakli kolimatdrlerin (MLC) gantrinin
donust esnasinda hedefin yerlesimi ve sekline
dinamik olarak uydugu tedavi yaklagimidir. DCAT
tekniginde, Brainlab AG sistemleri tarafindan
gelistirilen  Elements  Multiple Brain Mets
(Elements MBM SRS, BrainLab, Miunih,
Almanya) tedavi planlama sistemi (TPS), tedavi
planini optimize etmek icin belirli otomasyon
bigimleri sunar (17-21). Geleneksel VMAT
tekniginde uygun doz dagilimlari elde edebilmek
icin, gantri hasta etrafinda tekli ya da c¢oklu ark
acilanyla surekli hareket halinde iken, doz hizi,
Isinin sekli ve donuds hizi gibi parametreler
degisir. Onceleri birden fazla beyin metastaz
olan hastalar, her lezyonun geometrik merkezine
yerlestirilen bir izomerkez ile ayri ayr tedavi
edilirken yakin zamanda tek bir izomerkez
kullanilarak birden fazla lezyonun eszamanli
tedavi yaklasimi giderek yayginlasmistir. Tek
izomerkez kullanildiginda tedavi planlama ve
tedavi slresinin azalmasinin yani sira, tedavi
cihazinin  verimi de artmaktadir.  Onceki
calismalarda, genellikle birden fazla es duzlemli
olmayan arklarin uygulandigi teknigin etkili ve
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glvenli bir yaklagim oldugu belirtilmistir (4, 5, 8,
22, 23). Calismalarda, c¢oklu beyin metastaz
larinda tekli ve c¢oklu DCAT planlarinin plan
kalitesi agisindan benzerlik gosterdigi ve tek
izomerkezli planin uygulama agisindan daha
avantajli oldugu bildirilmistir (8, 21).

Calismamizda, ¢oklu beyin metastazlarinin tek
izomerkezli SRT uygulamalarinda otomasyon
islemleri iceren DCAT ile geleneksel manuel
VMAT tedavi planlama tekniklerinin dozimetrik
parametreler agisindan karsilastirilarak her iki
tekniginin avantaj ve dezavantajlarinin
belirlenmesi hedeflenmistir.

GEREG ve YONTEM
Hasta Sec¢imi, Konturlama ve Doz

Etik kurul onay! alindiktan sonra (No: 24-7T/72)
Mart 2022-Ocak 2024 tarihleri arasinda
klinigimizde DCAT teknidi kullanilarak SRT
uygulanan, farkh primer kanserlerden (8 akciger
ve 2 kolon) kaynaklanan ¢oklu beyin metastazi
olan 10 hasta degerlendiriimistir. Hastalardan
tibbi verilerinin yayinlanabilecegine iliskin yazih
onam belgesi alinmistir. Hastalarin medyan yasi
61 (44-82)dir. Beyin metastazi sayisi medyan 3
(2-5), metastaz boyutu medyan 1,46 cm (0,83-
3,76) idi. Tum hastalarin toplam metastaz sayisi
33’tlr. Lezyonlar genellikle temporal, frontal,
serebellar, pariyetal, oksipital yerlesimlidir.
Tedavide Varian marka TrueBeam STx model
lineer hizlandirici cihazi kullaniimigtir (Varian
Medical Systems, Palo Alto, Kaliforniya, ABD).

Hastalar termoplastik maske sistemiyle tedavi
pozisyonunda sabitlenerek yiksek ¢ozunurlikIu
bilgisayarli tomografi (BT) (General Electric
Discover RT marka, ABD) cihaziyla, 1,25 mm
kesit arahidiyla tim beyin goruntuleri elde edildi.
Goéruntuler Elements Multiple Brain Mets SRS
(MBM SRS) (versiyon:3,00, Brainlab AG, Munih,
Almanya) TPS’ye génderildi. Fuzyon ve
konturlama i¢in Brainlab Elements ImageFusion
4,0 programi kullanildi. Hastalarin planlama BT
goruntuleri ile tedavi 6ncesi ¢ekilen ince kesitli G¢
boyutlu kontrastlh manyetik rezonans goruntileri
(MRG) o6nce rijit fuzyon vyapildi ardindan
distorsiyon duzeltmesi yapilarak konturlamaya
gecildi. Kontrasth  T1  agirhkh  géruntller
kullanilarak beyin metastazlart GTV (Gross
Tumdr Hacmi) olarak, beyin sapi, kiazma, koklea,
g6z, lens, optik sinirler ve hipokampis risk
altindaki organlar (OAR) olarak ayni sekansta
konturlandi. GTV’ye 1-2 mm guvenlik mariji
eklenerek planlama hedef hacmi (PTV)
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olusturuldu. GTV ve PTV’nin medyan kumdulatif
hacimleri sirasiyla 0,20 (0,01-7,62) cm? ve 1,06
(0,23-13,41) cm? idi. Tim beyin dokusundan
toplam PTV’nin g¢ikariimasiyla normal beyin
dokusu tanimlandi. Metastazlarin sayisina,
boyutuna ve konumuna goére PTVlere 3-5
fraksiyonda 25-30 Gy doz verildi. Tedavi planlar
6 MV FFF (flattening filter-free) foton isinlan
kullanilarak, her PTV’nin maksimum dozu (%2)
regete edilen dozun %140’Indan az tutuldu ve
dozun en az %95’ini almasi saglanacak sekilde
optimize edildi. Komplikasyon agisindan énemli
olan maksimum doz (Dmas) igin 3 ve 5
fraksiyondaki sinirlamalarda sirasiyla; beyin
sapinda Dmaks. <23,1 Gy ve <23 Gy, kiazma ve
optik sinirlerde Dmaks< 17,4 Gy, ve <225 Gy,
koklealarda Dmaks.<14,4 Gy ve <25 Gy), gbézlerde
Dmaks.< 25) ve lenslerde Dmaks< 6 Gy dikkate
alindi. Ortalama doz (Dort.) ve ilgili OAR’nin 0,5
cm?® ve 0,2 cm?® hacimlerin aldi§i dozlarin (Dos ve
Do.2) kisitlamalarina da uyuldu (24- 27). DCAT ve
VMAT planlari en iyi hedef kapsaminin yani sira,
saglikl beyin ve OAR’lara verilen dozlari en aza
indirmek Uzere optimize edildi.

DCAT Planlama

Brainlab Elements Multiple Brain Mets TPS ile
yeniden DCAT SRT planlari olusturuldu. Planlar,
tek izomerkezli es dizlemli olmayan birden fazla
dinamik arktan (isin sayisi) olustu. Tedavi
izomerkez konumu, tim hedef hacimlerin kutle
merkezine otomatik olarak yerlestirildi. ilk olarak,
beyin metastazlarinin sayisina ve konumlarina
bagh olarak ark sayisi dnceden tanimlanmis
sablonlardan otomatik olarak segildi. Daha sonra
her PTV'de optimal doz dagihmlar elde
edebilmek, hedef digi OAR ve saglikli dokulari
mUmkin oldugunca koruyabilmek ve doz
c¢akisma riskini en aza indirebilmek igin, ark agisi
ve uzunlugu, 1sin agirhdi, kolimatér dénusu gibi
ISIn  parametreleri  optimizasyon  sirasinda
otomatik  olarak  degistirildi.  Gerektiginde
OAR’lere ek doz kisitlamalari eklendi. Planlarda
farkli masa agilarinda es dizlemli olmayan yarim
ve yarimdan az arklar (5-10 ark, ark uzunluklart:
0-180°, 10-180°, 20-180°, 180-340° ve 180-350°)
ve en dusik 4° olan farkli kolimatér agcilari
kullanildi. Bir arkta gantri dénisinin baglama ve
bitis acisi saat yéninde iken, diger arkta bitis
yénunden saat yonUnin tersine basladigi yerde
sona ermektedir. Doz dagilimlari Monte Carlo
algoritmas! kullanilarak 1 mm grid boyutu
Uzerinden hesaplandi.



VMAT planlama

VMAT SRT planlari Eclipse TPS’de (versiyon
16,1,0, Varian Medical Systems, Palo Alto,
Kaliforniya, = ABD)  olusturuldu. Planlarda
DCAT'taki gibi PTV sayisina gore genellikle 5-10
es duzlemli olmayan yarim arklar kullanildi. Tek
izomerkez PTV hacimlerinin geometrik
ortalamasina  manuel olarak  yerlestirildi.
Planlarda PTV'den sonra mumkin olan en dik
doz disltslni elde etmek igin, PTV etrafinda
genellikle 3, 6 ve 9 mm marjla igi bos halka
seklinde yardimci yapilar olusturuldu. Dozimetrik
parametrelerin karsilastirimasinda daha dogru
sonuglar elde edebilmek igin, uygulanan 1sin
konfiglirasyonu (gantri, kolimator ve masa acilari)
DCAT planlariyla ayni secgildi. Doz dagilimlari
Acuros XB (AXB) algoritma kullanilarak 1 mm
grid araliginda hesaplandi.

Planlarin Degerlendirmesi

Her iki planlama tekniginin sonucunda regete
edilen dozun %95ini alan hacmin yizdesi
(%Ves), OAR ve tim beyin igin Dort., Dmaks.; beyin
sap! igin Dogs; kiazma, g6z ve lensler igin Do,z;
normal beyin igin 5,8,10,12,18 ve 24 Gy doz alan
hacimler (Vsay, Vsey, Vioey, Vi2ey, Viscy V€ Vaacy)
gibi  dozimetrik parametreler doz hacim
histogramlari kullanilarak analiz edildi. Her iki
plan, tedavi planinin Kkalitesini  belirleyen
konformite indeksi (CI) ile gradyent indeksi (GI)
ve Isinlama suresini belirleyen monitor unit (MU)
gibi diger dozimetrik parametreler agisindan da
degerlendirildi.

Cl, doz dagilimi ile tedavi edilen hedef hacmin
sekli arasindaki yeterliligi temsil eder. ideal deger
1'dir. Cl i¢in, DCATta ters Paddick, VMATta ise

Radyasyon Tedavisi Onkoloji Grubu (RTOG)
tarafindan  onerilen  hesaplama  metodlari
kullanildi. Clrros ile kabul edilebilir hedef

konformitesi elde edilebilir, fakat hedef hacmin
disina ¢ikan dozu hesaba katmaz (28). Bu sorun
modifiye edilmis ters nClpaddick formilasyonu ile
giderilmigtir (29, 30).

Clrtoc =PIV ITV

(PIV: Tanimlanan
hacim)

NClpaddick = TV x PIV /(TVpiv)?2

TV: Hedef hacim; PIV:Tanimlanan izodoz hacmi;
TVev: Tanimlanan izodoz hacminin kapsadigi
hedef hacim

izodoz hacmi; TV: Hedef
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Gl, tanimlanan dozun timoér sonrasi azalimin
tayininde kullamilir.  Gl, her iki planlama
tekniginde Glpaddick formill ile hesaplandi (31).

Glpaddick= PIVoso /PI1V%100

PIVyso: Tanimlanan izodozun %50’sinin kapladigi
hacim, PIV: Tanimlanan izodozun %100’Un{n
kapladigi hacim (tanimlanan izodoz hacmi). Tek
lezyonlu hedefler igin Glpaddick <3 iken, ¢oklu
lezyonlar ve birbirine yakin hedeflerde GI degeri
artar.

iki teknigin karsilastinlmasinda IBM SPSS
istatistiksel 25 programi kullanilarak Wilcoxon
Signed-Rank testi uygulandi ve p<0,05 anlamh
kabul edildi.

BULGULAR

On hastanin DCAT ve VMAT planlari icin, plan
kalitesini degerlendirme parametreleri olan %Ves,
Cl ve Gl ile i1sinlama suresini ifade eden MU
analizleri (Tablo-1)'de verilmistir. Sekil-1'de her
iki planin aksiyel, koronal ve sagital (soldan saga)
kesitlerdeki doz dagilimlari gosterilmistir. Medyan
Vos deg@erleri DCAT planlari igin %99,60 (%97,90-
100,0) iken, VMAT planlari igin %99,50 (%96,60-
100,0) olup sonuglar benzerdi. Ortalama CI
degerleri DCATta 1,221+0,09, VMAT'ta ise
0,96+0,02 olarak belirlenmis olup aradaki fark
anlamliydi (p= 0,005). Farkin anlamhhigi DCAT
planlama sisteminde Clpaddick, VMAT planlama
sisteminde ise Clrtoc hesaplama ydntemlerinin
kullaniimasindan kaynaklanabilir. Her iki CI
degerlerinin PTV’yi kapsadigi ve kabul edilebilir
oldugu go6zlendi. Ortalama Glpaddick degerleri
DCAT planinda (3,61+0,61) VMAT a (3,75+0,90)
gore daha dusuk olmasina ragmen aradaki fark
anlamli degildi (p=0,359). Ortalama Gl degerleri
DCAT ve VMAT icin sirasiyla 2,77-4,40 ve 2,50-

4,96 arasindaydi. Isinlama sidresi DCAT
planlarinda VMAT planlarina kiyasla anlamli
derecede daha yiksek bulundu (p= 0,005).

DCAT planinda ortalama MU degeri 11880+£3820
iken, VMATta 9639+1864 idi.

Radyonekroz  agisindan degerlendirdigimiz
normal beyin hacimleri Vsey, Vscy, Vioey, Vizay,
Visey, Vasey icin DCAT ve VMAT planlarinda

ortalama degerler sirasiyla 149,89+109,41,
58,72+40,70, 37,20+25,70, 10+18,21,
11,2048,21, 4,67+4,04 ve  136,42+99,37,
49,63+33,49, 30,31+19,19, 21,16+13,20,

8,89+5,48, 3,48+2,36 cm? idi (Tablo-2). Ozellikle
radyonekroz riski agisindan énemli risk faktorleri
olan Vio ve V12 yani sira Vig agisindan planlar

303



arasindaki fark anlamliyken (sirasiyla p= 0,028,
0,028 ve 0,047), Vsay, Vsay Ve Vaacy degerlerinde
fark anlamsizdi ve VMAT plani DCAT planina
kiyasla saglikli beyin korumasi agisindan daha
Ustindl. Tum saglikh beynin aldigi maksimum
dozlar VMAT planlarinda énemli élgtide dusukti
ve fark anlamliydi (ortalama VMAT: 34,23+2,58,
DCAT: 40,11+2,79, p= 0,005). Ortalama dozlarda
(Dort) ©nemli bir fark belirlenmedi (VMAT:
2,45+1,08, DCAT: 2,52+1,16) ve p= 0,445).

Risk altindaki organlar olan beyin sapi, kiazma,
koklea, g6z, lens, optik sinir ve hipokampus
degerleri agisindan her iki planlama arasindaki
anlamli fark sadece DCAT lehine beyin sapi Dor.
Ve Dos igin gbdzlemlendi (sirasiyla p=0,009 ve
p=0,047). DCAT planinda Dor. ve Dos degerleri

siraslyla 1,5040,98 Gy ve 4,33£2,60
Gy iken, VMAT planinda 2,47+1,51 Gy ve
5,38£3,82 Gy idi. Diger kritik organlar igin

planlama teknikleri arasinda sonuglar benzerdi
(Tablo-3).

Tablo-1. DCAT ve VMAT tekniklerinde plan kalitesi (%Ves, Cl ve Gl) ve MU parametrelerinin karsilastiriimasi.

Parametreler DCAT VMAT p
%Ves [medyan (min.- 99,60 (97,90-100) 99,50 (96,60-100)
maks.)]

Cl (ortalamazSS) 1,22+0,09 0,96+0,02 0,005
Gl (ortalamatSS) 3,610,61 3,75+0,90 0,36
MU (ortalamatSS) 11880+3820 9639+1864 0,059

DCAT: Dinamik konformal ark tedavi, VMAT: Hacimsel ayarl ark tedavi, Vos dozun yuzde 95'ni alan hacim, ClI:
Konformite indeks, Gl: Gradiyent indeks, SS: Standart sapma, MU: Monitor unit.

Sekil-1. Dért metastazl bir hasta igin doz dagilimlari. Regete edilen izodoz 5 fraksiyonda 25 Gy idi. Ustteki iig
panel DCAT plani igin aksiyal, koronal ve sagittal (soldan saga) kesitleri gdsterirken, alttaki paneller VMAT plani
icin ilgili kesitleri géstermektedir.

Tablo-2. DCAT ve VMAT planlama teknikleri arasinda saglikh beynin Vsey, Vsey, Vioey, Vizcy, Viscy V€ Vascy

degerlerinin karsilastiriimasi.

Parametreler DCAT VMAT p

Vsay (cm?) 149,89+109,41 136,42+99,37 0,114
Vsay (cm?) 58,72+40,70 49,63+33,49 0,059
Viocy (cm?) 37,20£25,72 30,31+19,19 0,028
Viaey (cm?) 26,10+18,22 21,16+13,20 0,028
Visey (cm?) 11,20+ 8,21 8,89+5,48 0,047
V2acy (cm?) 4,67+4,04 3,48+2,36 0,114

DCAT: Dinamik konformal ark tedavi, VMAT: Hacimsel ayarli ark tedavi, Vscy, Vsay, Vioey, Vi2cy, Visey V€ Vascy:

5,8,10,12,18 ve 24 Gy doz alan hacimler.
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Tablo-3. DCAT ve VMAT planlama teknikleri arasinda risk altindaki organlarin dozimetrik parametrelerinin

karsilastiriimasi.

Parametreler DCAT VMAT p
(Gy) (Gy)

Beyin Sapi Dmaks. 9,3849,27 10,18+10,15 0,059
Beyin sapi Dort. 1,50+0,98 2,47+1,51 0,009
Beyin sapi Dos 4,33+2,60 5,38+3,82 0,047
Kiazma Dmaks. 1,97+0,97 2,80+1,46 0,203
Kiazma Dort. 1,23+0,73 1,70+1,00 0,114
Kiazma Do 1,40+0,81 1,17£1,18 0,508
Sol koklea Dmaks. 2,35%3,85 2,09+2,96 0,444
Sag koklea Dmaks. 1,87+1,69 1,6711,42 0,386
Sol koklea Dort. 1,7612,96 1,61+£2,10 0,959
Sag koklea Dor:. 1,44+1,32 1,32+1,17 0,683
Sol g6z Dmaks. 3,717 .17 3,03+5,11 0,799
Sag g6z Dmaks. 1,14+0,75 1,32+0,73 0,386
Sol g6z Dort. 0,83+0,87 0,96+0,88 0,114
Sag g6z Dor. 0.43+0,28 0,60+0,37 0,074
Sol g6z Do, 2,15+3,14 2,38+2,73 0,721
Sag g6z Do 0,91+0,63 1,03+0,70 0,415
Sol lens Dmaks. 0,97+1,11 1,05+0,85 0,201
Sag lens Dmaks. 0,52+0,34 0,64+0,42 0,169
Sol lens Dort. 0,64+0,72 0,76+0,64 0,374
Sag lens Dort. 0,35+0,27 0,45+0,32 0,415
Sol optik sinir Dmaks. 1,92+2,08 1,96+1,44 0,878
Sag optik sinir Dmaks. 1,23+0,85 1,61+0,86 0,203
Sol optik sinir Dort. 0.9740,78 1,18+0,91 0,074
Sag optik sinir Dort. 0,81+0,59 1,06+0,63 0,241
Sol optik sinir Do, 0,93+0,71 0,98+0,97 0,541
Sag optik sinir Do2 0,7940,60 0,78+0,72 0,799
Sol hipokampus Dmaks. 4,40+4,08 4,51+2,59 0,575
Sag hipokampus Dmaks. 9,17£12,23 8,44+£10,77 0,386
Sol hipokampus Dort. 2,16x1,77 2,58+1,59 0,114
Sag hipokampus Dort. 3,63+4,82 3.52+4 27 0,953

DCAT: Dinamik konformal ark tedavi, VMAT: Hacimsel ayarl ark tedavi,
Dmaks: Maksimum doz, Dort: Ortalama doz, Do,s: 0,5 cm® hacmin aldigi doz, Do2: 0,2 cm® hacmin aldidi doz.

TARTISMA

Calismamizda birden fazla beyin metastazi olan
hastalarin  tek izomerkezli SRT tedavi
planlamalarinda, otomasyon iceren DCAT ile
manuel geleneksel VMAT'In dozimetrik etkileri
karsilagtiniimigtir. Coklu beyin metastazlarinda
tek izomerkezli teknigin kullanimi ik kez
DCAT’da Huang ve ark. (21) VMAT’da ise Clark
ve ark. (3) tarafindan gelistirilmistir. Yapilan bir
calismada, c¢oklu beyin metastazlarinda tekli ve
coklu DCAT planlarinin plan kalitesi agisindan
benzerlik goésterdigi ve tek izomerkezli planin
uygulama agisindan daha avantajli oldugu
bildirilmistir (8, 21). Ancak, izomerkezden
uzaktaki hedeflerin yerini degistiren rotasyonel
hatalari en aza indirmek icin, daha siki
konumlandirma dogrulugu gerekmektedir (32-

34). Huang ve ark. tarafindan tek izomerkezli
DCAT’In ¢cok izomerkezli DCAT’a gbre avantajli
oldugu ve coklu metastazlarin tedavisinde tek
izomerkezli DCAT, VMAT veya yogunluk ayarli
radyoterapi (IMRT) arasindaki secgimde, doz
uyumu, tedavi siresi ve periferik dozun yayiimasi
gibi faktorlerin géz o6ntne alinmasi gerektigi
belirtilmistir (21).

Plan kalitesini degerlendirmek icin kullanilan CI
ve Gl parametrelerinde, DCAT planlarinda
VMAT’a goére verilen dozun hedefi daha iyi
kapsayarak daha avantajli oldugu gdzlendi.
Tanimlanan dozun timér sonrasi azalmasinin
tayininde kullanilan Gl degerlerinde her ki
planlama teknigi benzerdi. TUm&r hacmi kigik ve
kuresellige yakin lezyonlarda Gl degerleri
DCAT’ta daha dusuktl. Lezyonlarin sayisi,
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lezyonlar arasindaki mesafe ve mutlak hacimleri
Gl degerlerini  etkilemektedir. Plan kalite
indekslerinden biri olan Gl'daki herhangi bir
azalma dogrudan radyonekroz riskiyle iligkili olan
Vi2’de bir azalmaya neden olur (1). Sonuglarimiz
DCAT ve VMAT planlama tekniklerini
karsilastiran diger c¢alismalarda bildirilenlerle
uyumludur. Hofmaier ve ark. 66 beyin lezyonu
olan 20 hasta igin 15-20 Gy'lik tek fraksiyon SRS
calismasinda DCAT icin VMAT planlarina gére
daha iyi Cl (medyan DCAT: 0,75, VMAT: 0,73) ve
daha dusuk Gl degerlerine (medyan, DCAT:5,99,
VMAT:7,17) sahip oldugunu bildirmiglerdir (20).
Narayanasamy ve ark. 3-7 lezyonu olan 8
hastanin DCAT SRS planlari igin BrainLab
Multiple Metastases Elements (MME), VMAT
SRS planlari i¢in Varian RapidArc uygulamasina
sahip Eclipse tedavi planlama sistemlerinde Cl ve
Gl degerlerininin benzer oldugunu
g6zlemlemiglerdir (35). Gevaert ve ark. 1-8
arasinda degisen toplam 40 lezyonu olan 10
hasta icin, DCAT ve VMAT planlarinda CI'nin
benzer, GI'nin ise VMAT ta 6nemli dlgtude ylksek
oldugunu bildirmislerdir (36). Son zamanlarda
Eclipse (Varian Inc.) TPS’de geligtirilmis bir tir
otomasyon igeren HyperArc VMAT ile Elements

MBM ve geleneksel VMAT'I Kkarsilagtiran
calismalar mevcuttur (1, 5, 18, 37, 38). Bu
calismalarda  HyperArc VMAT  planlarinin

Elements MBM DCAT ve geleneksel VMAT a
g6re 6nemli 6lgide daha iyi oldugu bildiriimistir.
Bir calismada ise HyperArc ve manuel VMATIn
benzer dozimetrik kalite gosterdigi bildiriimistir
(39). HyperArc’'da kolimatoér agilarinin segiminden
tedavi sunumuna kadar tedavi sireci, hedeflerin
konumuna ve sayisina gbre otomatik olarak
tasarlanir. Bu Ozellikler plan kalitesine katkida
bulunabilir ve hedefin digindaki yiksek doz
disUslerini arttirabilir (40, 41). Calismamizda
VMAT planlamasinda kullandigimiz Eclipse TPS
sistemi HyperArc gibi 6zel sistemlerde mevcut
olan c¢esitli 6zelliklerden yoksundu. Isinlama
suresi (MU) DCAT planlarinda VMAT’a kiyasla
6nemli oranda yuksek bulunmasina ragmen fark
anlamsizdi. MU’'nun az olmasi periferik dozun
azalmasi, cihazin yipranmamasi ve tedavi
suresinin azalmasi gibi bazi avantajlar saglar.
Calismalarda MU acisindan da celigkili sonuglar
rapor edilmistir. VMAT planlarindaki yiksek
modulasyon nedeniyle genel MU sayisi DCAT
icin onemli dlglide dusulktir (20). Noroyanasamy
ve ark. BrainLab Multiple Metastases Elements
ile RapidArc’t karsilastirdiklari c¢alismalarinda,
DCAT ile MU sayisi agisindan VMATa gore
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Onemli azalma oldugu belirtilmistir (35). Ruggeri
ve ark tarafindan ise HyperArc VMAT ve
Elements MBM DCAT planlar arasinda MU
acisindan  anlamli bir  farkin  olmadigdi
goézlemlenmistir (1).

Radyonekroz gelisimiyle iligkili faktorler, tedavi
edilen hacim ve belirli bir doz alan beynin
hacmidir (42). Calismamizda beyni Vsgy, Vsay,
Vioey, Vizey, Visey Ve Vaey agisindan
inceledigimizde, iki plan arasinda anlamh fark
Vioey, Vi2cy Ve Visey ve tum saglikli beynin aldigi
Dmaks degerlerinde g6zlemlendi. VMAT
planlarinda dozlar énemli dlgide daha dusuktu
ve beyin korumasi agisindan avantaj saglandi.
Beyin korumasi lezyonlarin sayisinin  ve
hacimlerinin  artmasiyla azalmaktadir.  Don
degerlerinde ise 6nemli bir fark belirlenmedi. Bazi
calismalarda ¢alismamiza benzer sekilde VMAT
planlarinin saglikli beynin korunmasi ve tedavi
verimliligi agisindan DCAT’tan daha ustlin oldugu
bildirilmistir. Ruggiere ve ark. HyperArc VMAT
planlarinin daha disik Vizey degeri sagladigini
(DCAT: medyan 37,3 cm3, VMAT 23,7 cm?)
bildirmiglerdir (1). Liu ve ark. 4 ile 10 beyin
metastazli 30 hastada VMAT teknidinin DCAT a
go6re daha iyi Viz2-sey hacimleri sagladigini rapor
etmislerdir. Vizey igin, PTV >2,1 cm? oldugunda
VMAT, PTV <2,1 cm?® oldugunda ise DCAT
Onerilmistir (43). Bazi calismalarda ise DCAT
planlarinin  VMAT’a gbére daha uygun oldugu
rapor edilmistir. Raza ve ark. tarafindan Vs.i2ey
degerlerinin, 10-15 lezyonu olan hastalarda
VMAT’a kiyasla DCAT’da anlamli olarak daha
distk oldugu belirtiimis; Vizey icin en buyuk fark
DCAT ve VMAT planlari arasinda 10 veya daha
fazla beyin metastazi olan ve toplam timoér hacmi
<2 cm?® olan hastalarda gorilmis; disik
kimdulatif tamdér hacmi ve kuresellige yakin
lezyonlarda DCAT’In, lezyonu kureden farkli,
dizensiz sekilli hedef hacimlerde ise VMAT'In
Ustin olabilecegi bildirilmistir (5). Hofmaier ve
ark. Vioey ve Vizey degerlerinde DCAT planlarinin
onemli 6lcide daha avantajli oldugunu gostermis;
Vioey ve Viey deki kiresellik ve farkliliklar
arasinda orta derecede bir Kkorelasyon ile
iliskilendirmistir. Dusik timoér hacmi olan
hastalarda DCAT'In daha iyi performans
gOsterdigi bildiriimistir (20). Sonuclarin farklihgi
lezyonlarin sayisi ve boyutundaki farkliliklardan
kaynaklanabilir.

Beyin sapi, kiazma, koklea, g6z, lens, optik sinir
ve hipokampus gibi OAR’In doz degerleri her iki
planlama tekniginde literatirlerde  (24-27)



belirtilen normal doku tolerans dozlarinin altinda SONUG

kalarak korunmustur. DCAT planlarinda beyin
sap! Dort. ve Dos degerleri VMAT a kiyasla daha
disik cikarak 6nemli  Olglide  Ustlnlik
saglamistir. Tuim OAR’larin  dozlann doz
sinirlamalarinin altinda kalmigtir. Sprowls ve ark.
HyperArc'in VMAT ile karsilastirdiginda
hipokampUs igin avantajli oldugunu goéstermistir
(44). Raza ve ark. tarafindan, ortalama
hipokampus dozunun DCAT planlarinda anlamli
derecede disik oldugu, ¢ogu planlarda <3 Gy
ortalama doz oldugu gdézlemlenmistir (5).
Calismamizda hipokampis agisindan her iki
planlama arasinda énemli fark yoktur ve dozlar

Calismamizda plan kalitesi gostergesi olan CI ve
Gl yani sira, beyin sapi Dotve Dos igin DCAT
planlama teknigi Onemli Olgide daha iyi
performans gostermistir. Buna karsin normal
beyin hacimleri Viosy, Vi2ey, Viscy degerleri ve
isinlama siresi (MU) agisindan VMAT plani
anlaml  derecede daha avantajlidir. Bu
radyasyon nekrozu riski olasiliginin azalmasiyla
sonuglanabilir. Genellikle lezyonlar kiresellige
yakinsa DCAT planlari Gstinlik saglayabilir.
VMAT coklu beyin metastazli hastalar igin 6zel
bir radyocerrahi sistemine makul bir alternatif
olabilir.

kabul edilebilir doz sinirlamalarinin  altinda
kalmistir. Cikar Catismasi: Yazarlar aralarinda ¢ikar

catismasi olmadigini beyan etmislerdir.
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The relationship of pregnancy losses with frequently-used hematologic
parameters

Gebelik kayiplarinin sik kullanilan hematolojik parametrelerle iliskisi
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ABSTRACT

Aim: Recurrent pregnancy loss (RPL) is a common and undesirable condition in hematology and
obstetrics practice. Pathogenesis for most cases remains undetermined. Thrombophilia may be a
potential factor for these patients. Here, we aimed to investigate hematological parameters that have
the potential to contribute to or predict RPL and to present our data as a single-center experience.

Materials and Methods: One hundred seventy female patients with at least one pregnancy loss
between the years 2012 and 2024 were included retrospectively. The mean age of the patients was
34.48 + 6.02. Patients with antiphospholipid antibodies and miscarriage due to an identifiable etiology
(maternal anatomic and endocrine abnormalities, infectious causes, trauma, chromosomal
abnormalities) were excluded from the study. Patients were divided into two groups, defined as patients
with one or two miscarriages and more than two miscarriages, respectively. Thrombophilia screening
tests (mutations and protein C/S/antithrombin levels), blood count and coagulation parameters were
recorded and investigated whether there was a significant correlation in terms of miscarriage in the two
groups.

Results: Nine patients (5.3%), 71 patients (41.8%), 60 patients (35.3%), 21 patients (12.4%), four
patients (2.4%), and five patients (2.9%) had a history of one, two, three, four, five, and six miscarriages,
respectively. No significant difference was found between the genetic mutations investigated in terms of
thrombophilia, protein C, S, and antithrombin levels, and the number of pregnancy losses in both groups.
There was no significant difference between hemogram parameters and coagulation parameters except
aPTT for both groups. The aPTT value of group B was found to be significantly lower than that of group
A (p=0.04).

Conclusion: Conflicting results in hematologic parameters in case of RPL are common and it is not
easy to obtain homogeneous results. However, a low aPTT value, a parameter that can be easily and
quickly measured, may be a parameter that can help predict RPL.
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0z

Amag: Tekrarlayan gebelik kaybi (TGK), hematoloji ve obstetrik alaninda sik karsilasilan ve endise
verici bir konudur; patogenezi belirsizdir. Bu ¢alisma, TGK ile potansiyel olarak iliskili hematolojik
faktérleri, 6zellikle trombofiliyi arastirmayr amacglamaktadir.

Gereg ve Yontem: 2012-2024 yillari arasinda en az bir gebelik kaybi yasamis 170 kadin hastayi
retrospektif olarak analiz ettik; anrifosfolipit antikorlari veya tanimlanabilir nedenleri olanlar digland.
Hastalar, bir veya iki dlsiik yapmis olanlar (grup A) ve ikiden fazla diisiik yapmis olanlar (grup B)
seklinde iki gruba ayrildi. Trombofili tarama testleri hemogram ve koaglilasyon parametrelerini
dederlendirdik; analiz igcin SPSS 25.0 siirimii kullanildi ve p <0,05 degeri anlamli kabul edild.
Bulgular: Dokuz hastanin (%5,3) bir, 71 hastanin (%41,8) iki, 60 hastanin (%35,3) lg¢, 21 hastanin
(%12,4) dért, dort hastanin (%2,4) bes ve beg hastanin (%2,4) alti diiglik 6ykiisti mevcuttu. Trombofili,
protein C, S ve antitrombin seviyeleri agisindan arastirilan genetik mutasyonlar ile her iki gruptaki
gebelik kaybi sayisi arasinda anlamli bir fark bulunamadi. Hemogram parametreleri ve koaglilasyon
parametreleri arasinda, her iki grup igin aPTT diginda anlamli bir fark yoktu. Grup B'nin aPTT degeri,
grup A'ninkinden anlamli derecede diisiik bulundu (p = 0,04).

Sonug¢: TGK durumunda hematolojik parametrelerde celigkili sonuglar yaygindir ve homojen sonuglar
elde etmek kolay degildir. Kolay ve hizli bir sekilde Olgiilebilen diistik bir aPTT dederi, TGK'nin

ongériilmesine yardimci olabilecek bir parametre olabilir.
Anahtar Soézciikler: koagiilasyon, diislik, gebelik, trombofili, tromboz

INTRODUCTION

Pregnancy loss is an undesired event occasionally
resulting from various causes including
thrombophilia. Pathogenesis for most cases
remains undetermined (1). Causes related to
thrombophilia may underlie these undetermined
cases. Recurrent pregnancy loss (RPL) definition
varies. While the Practice Committee of the
American Society for Reproductive Medicine
proposes two or more miscarriages, the European
Society of Human Reproduction and Embryology
proposes three or more miscarriages as the RPL
definition (2-3). These patients are commonly
evaluated by hematologists, by direct application
to the outpatient clinic or consultation from the

obstetrics. Besides factors responsible for
thrombophilia such as inherited mutations
(especially Factor V Leiden-FVLM and

Prothrombin G20210A mutations-PGM), protein
C/S/anti-thrombin deficiency and antiphospholipid
antibodies, it is a matter of curiosity whether other
hematological parameters such as blood count or
coagulation parameters commonly used in
hematology practice may be associated with the
pathogenesis of RPL, at least related to
thrombophilia, or have potential in predicting RPL.

Prothrombin time (PT) tests the extrinsic and
common pathways of the coagulation cascade
and represents the time, in seconds, for the
patient's plasma to clot after the addition of
calcium and extrinsic pathway activator
(thromboplastin). Activated partial thromboplastin
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time (aPTT) is a coagulation test used as a
measure of the integrity of the intrinsic and
common pathways of the cascade and represents
the time, in seconds, for patient plasma to clot
after the addition of phospholipid and calcium, an
intrinsic pathway activator. The normal or
reference range for PT and APTT tests varies from
laboratory to laboratory (4). There are studies
showing that the normal duration of aPTT and PT
shortens during normal pregnancy and returns to
normal after pregnancy (5,6). The relationship of
these changes to pregnancy loss is not illustrated.
Here, we would like to reveal whether these
factors have value in predicting pregnancy
loss(es) and present the retrospective data of
these patients as a single-center experience.

MATERIALS AND METHODS

One hundred and seventy female patients who
were evaluated due to at least one pregnancy loss
in the hematology outpatient clinic of Aydin Adnan
Menderes University between the years of 2012
and 2024 were included in the study. It was
designed to be a single-center, retrospective,
multidisciplinary, analytic, and cross-sectional
study. Ethical committee approval has been
obtained (Aydin Adnan Menderes
University/Aydin, Turkiye. Date: 20.11.2023-
Number: 453317). The research was conducted in
accordance with the Declaration of Helsinki.
Informed consent was obtained from all
participants prior to their involvement in the study.
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Participants were provided with information about
the purpose, methods, potential risks, and benefits
of the research, and it was emphasized that their
participation ~was  voluntary.  Furthermore,
participants were informed of their right to
withdraw from the study at any time.

The mean age of the patients was 34.48 + 6.02.
Treatment management was carried out by
gynecologists and/or hematologists according to
gynecology  and/or hematology-thrombosis
guidelines and, in some patients, at the clinician's
discretion (7,8). Patients with anticardiolipin
antibodies IgG or IgM and anti-beta2 glycoprotein
| antibodies IgG and IgM by enzyme-linked
immunosorbent assay (ELISA) (above 40 GPL) or
lupus anticoagulant positivity (above the upper
limit of normal laboratory value), as well as
patients with a known etiology for pregnancy loss
(maternal anatomic and endocrine abnormalities,
infectious  causes, trauma, chromosomal
abnormalities), were excluded from the study.
Patients were divided into two groups: Groups A
and B defined the patients with one or two
miscarriages and more than two miscarriages,
respectively. The distinction between Groups A
and B was based on the European Society of
Human Reproduction and Embryology’s definition
of RPL as three or more miscarriages (3). The
parameters included in genetic thrombophilia

screening (i.e. FVLM, PGM,
Methylenetetrahydrofolate reductase-MHFR,
Plasminogen activator inhibitor-PAI, Beta

fibrinogen, and Factor-XIll gene mutations), and
protein C, S and antithrombin levels of the patients
were recorded for both groups, and their
relationship with recurrent pregnancy loss was
investigated. Laboratory parameters  were
recorded one month after the first abortion and
reference values of the hospital laboratory were
used to decide high or low values. Blood count
parameters (leukocyte, neutrophil, lymphocyte,
monocyte, eosinophil, basophil (103/mkrL for
each), hemoglobin (gr/dL), and platelet (103/mkrL)
counts, mean corpuscular volume (fL), mean
platelet volume (fL) and red cell distribution width
(%)) were recorded for available patients.
Regarding coagulation tests, aPTT, PT,
international normalized ratio (INR), fibrinogen, d-
dimer, and homocysteine were also recorded and
the correlation between hemogram and
coagulation parameters with pregnancy losses
was investigated.
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Statistical Analysis

SPSS version 25.0 for data analysis was used.
The suitability of continuous variables to normal
distribution was investigated using visual
(histogram and probability plots) and analytical
methods (Kolmogorov-Smirnov/Shapiro-Wilk
tests). For the descriptive statistics of the
research, mean and standard deviation were
used. Chi-Square Test was used in the study to
show whether there was a difference between
categorical variables. The student-T Test was
used to compare continuous variables with
parametric properties in independent groups, and
Mann Whitney U Test was used to compare
continuous  variables  without  parametric
properties in independent groups. For statistical
significance, a p-value of less than 0.05 was
accepted.

RESULTS

The descriptive characteristics of the patients in
groups A and B and the comparison of
hematological parameters are shown in (Table 1).
Nine patients (5.3%), 71 patients (41.8%), 60
patients (35.3%), 21 patients (12.4%), four
patients (2.4%), and five patients (2.9%) had a
history of one, two, three, four, five and six
miscarriages, respectively. The number of
patients that have homozygous FVLM and
homozygous PGM were 2 and 0, respectively.
Also, the number of patients with double
heterozygosity for FVLM and PGM was 5. In 9
patients in group A and 17 in group B with FVL
mutation; 7 and 16 of them, respectively, were
accompanied by at least one other mutation (the
mutations demonstrated in Table-1). In addition, of
the 4 patients in group A and 5 patients in group B
with PGM, at least one more mutation was
detected in 2 and 5, respectively.

Fourty-one patients (24.1%), 11 patients (6.5%),
and 21 patients (12.4%) have a history of using
low-molecular-weight heparin (LMWH), aspirin,
and LMWH +aspirin during the last pregnancy
period and/or the postpartum period, respectively.
Ninety-three patients (54.7%) have not used any
antiaggregant /anticoagulant treatment. We could
not obtain any records regarding drug history for
four patients (2.4%). Three patients (1.8%) and
two patients (1.2%) had also a history of venous
and arterial thrombosis in their lifetime,
respectively. All arterial thrombosis cases were in
the form of ischemic stroke. In terms of venous
thrombosis type, it was deep vein thrombosis in 2
cases and intra-abdominal vein thrombosis in 1
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case. The rest of the patients have not
experienced any kind of documented thrombosis
previously.

No significant difference was found between the
genetic mutations investigated in terms of
thrombophilia, protein C, S, and antithrombin
levels and the number of pregnancy losses in both
groups. Based on laboratory reference values, the
number of patients with protein C, S, and AT
deficiency were 0, 15, and 2, respectively, for
group A and 3, 23, and 2, respectively, for group
B.

Blood count parameters were evaluated in terms
of their effect on miscarriage. Cut-off values were
accepted as the cut-off values of our hospital
laboratory and were examined by grouping as
low/normal/high or normal/high according to the
parameter. No significant correlation with
leukocyte (WBC) (<4,230/mm3 vs 4,230-

9,070/mm3 vs 9,070/mm3® <), neutrophil
(<1,780/mm? vs 1,780-5,380/mm3 vs 5,380/mm?3
<), monocyte (<300/mm3, 300-820 vs 820/mm?3 <
), hemoglobin (<13 gr/dL vs 13-16 gr/dL vs 16
gr/dL<), mean corpuscular volume (MCV) (<79 fL
vs 79-92 fL vs 92 fL<), platelet count
(<100,000/mcrL vs 100,000-450,000/mcrL  vs
450,000 mcrL<), and mean platelet volume values
(<9.4fLvs 9.4-12.4 fL vs 12.4 fL< ) were detected
between in group A and B. Also, there was no
statistical significance regarding INR (0.8> vs 0.8-
1.2 vs 1.2<), prothrombin time (PT, <8 sec, 8-13.5
sec and 13.5 sec<), fibrinogen (<284 mg/dL vs
284-580 mg/dL vs 580 mg/dL<), homocysteine
(<15 Umol/L vs15 Umol/L<), d-dimer (<243 ng/ml
DDU vs 243 ng/ml DDU <) values (p>0.05).
However, the aPTT (<25.4 sec vs 25.4-38.4 sec
vs 38 sec <) value of group B was found to be
significantly lower than that of group A. (p=0.04).
(Table-1).

Table-1. The descriptive characteristics of the patients in groups A and B and the comparison of hematologic and

coagulation parameters.

Group A (n:80) Group B (n:90) p

Number of Miscarriages 1.89%0.31 3.49+0.82

(meanxSD)

Age (mean*SD) 34.1846.22 34.74%5.85 p>0.05

History of previous thrombosis Venous:2 Venous:1

(n) Arterial:1 Arterial:1

Homozygous FVLM (n) - 2

Homozygous PGM (n) - -

Double 2 3

heterozygous for FVLM and PGM

(n)

MTHFR C677T Homozygous:8 Homozygous:16 p>0.05
Heterozygous:26 Heterozygous:36
Negative:40 Negative:33

MTHFR A1298C Homozygous:9 Homozygous:12 p>0.05
Heterozygous:25 Heterozygous:31
Negative:40 Negative:42

PAIl gene mutation 4G4AG: 3 4GAG: 3 p>0.05
4G5G: 3 4G5G: 3
5G5G: 2 5G5G: 3

Beta fibrinogen mutation Homozygous:3 Homozygous:2 p>0.05
Heterozygous:15 Heterozygous:19
Negative:8 Negative:5

Factor-XIIl gene mutation Homozygous:1 Homozygous:2 p>0.05

Heterozygous:25

Negative:39
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Heterozygous:19
Negative:57
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Protein-C (%)* 92.05+20.83 100.28+25.38 p>0.05
Protein-S (%)* 69.51+22.90 67.11+20.93 p>0.05
Antithrombin (%)* 98.90+11.46 97.9948.91 p>0.05
History of antiaggregant or LMWH:15 LMWH:26 p>0.05
anticoagulant use (n) ASA:5 ASA:6

LMWH+ASA:7 LMWH+ASA:14

Not used:50 Not used:43

Unknown:3 Unknown:1
Blood count
parameters(mean*SD)
WBC count (/mkrL) 9138.87+2667.01 9449.74+3073.12 p>0.05
Neutrophil count (/mkrL) 6309.84+2678.57 6390.38+3157.79
Lymphocyte count(/mkrL) 2115.97+653.54 2293.33+708.09
Monocyte count(/mkrL) 536.61+197.26 542.18+180.06
Eosinophil count(/mkrL) 147.90+143.23 172.82+183.07
Basophil count(/mkrL) 32.261£16.63 30.00+£14.68
MCV (fL) 85.27+7.61 83.807.77
MPV (fL) 10.18+1.18 10.45+1.19
RDW (%) 13.87+1.35 14.12+1.94
Platelet (/mkrL) 255,290.32+76,184.50 256,807.69+74,363.45
Hemoglobin (gr/dL) 12.28+1.50 12.24+1.44
Coagulation Tests
(meantSD)
aPTT (sec.) 25.90%£2.91 25.06%2.79 p<0.05
PT (sec.) 12.43+1.25 12.11+1.30 p>0.05
INR 0.94+0.08 0.94+0.08 p>0.05
Fibrinojen (mg/dL) 403.17£139.15 368.11+98.22 p>0.05
D-dimer (g/ml DDU) 981.54+1456.78 734.31+1094.48 p>0.05
Homocysteine (Umol/L) 12.91+7.62 11.69+6.39 p>0.05

* Normal range for Protein C, Protein S and Antithrombin as follows: 70-140%, 60-130%,83-118%, respectively.
ASA: acetylsalicylic acid, aPTT: activated partial thromboplastin time, FVLM: Factor V Leiden Mutation

INR: international normalized ratio, LMWH: Low-molecular-weight heparin, MCV: Mean Corpuscular Volume
MPV: Mean Platelet Volume, MTHFR: methylenetetrahydrofolate reductase, n: number

PAI: plasminogen activator inhibitor, PGM: Prothrombin Gene Mutation, PT: prothrombin time

RDW: red cell distribution width, SD: Standard Deviation, Sec.: second, WBC: White Blood Cell

DISCUSSION

RPL is an undesired event, and it is a condition
that has psychological effects as well as physical
health problems. The population prevalence of
women who have had one miscarriage is 10.8%
(10.3-11.4%), two miscarriages is 1.9% (1.8-
2.1%), and three or more miscarriages is 0.7%
(0.5-0.8%) (9). Several causes play a role in RPL

including maternal age (9-75%), endocrine
diseases (17-20%), uterine morphological
pathologies (10-15%), chromosomal

abnormalities (2—8%), thrombophilia, infectious
agents (0.5-5%), and autoimmune disorders
(20%). In approximately 50-75% of RPL cases,
the exact cause is not clearly identified and,
therefore, remains unexplained (10).
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It is important to identify treatable causes of RPL
which can be prevented by applying medical
treatments such as referral to genetic counseling
if there is a parental karyotype abnormality,
surgery if there are correctable uterine anatomical
abnormalities such as uterine septum, adhesions,
submucosal myoma, aspirin, and heparin
treatment if antiphospholipid antibody syndrome is
present and medical treatment for these if there is
thyroid dysfunction, hyperprolactinemia and/or
diabetes mellitus (11). The combination of
hereditary thrombophilia and pregnancy may
mean a higher risk of RPL. However, due to the
heterogeneity of samples in most studies, there is
not much strong evidence for an association
between inherited thrombophilia and RPL. Apart
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from antiphospholipid antibody syndrome,
whether the pregnant woman has thrombophilia or
not; there is no evidence that aspirin or heparin
treatment, which is frequently used in pregnant
women, improves pregnancy outcomes (12,13). In
most cases, the patient's expectation for the future
after experiencing a pregnancy loss forces the
physician to start medication, even though its
effectiveness has not been proven. This
approach, as with anticoagulant treatments,
leaves the patient open to complications of the
drug started, such as bleeding.

Various studies have examined the relationship
between hematological parameters  and
pregnancy loss. In a case-control study by Erdem
ZS et al, 50 patients between 18-40 years and a
history of at least three consecutive recurrent
pregnancy losses were included and it was
suggested that high MPV, RDW, plateletcrit count,
and low MCHC among blood count parameters
could be an important indicator of recurrent
miscarriages (14). In another prospective
controlled study of 184 patients designed by Al-
Husban et al., increased platelet and leukocyte
counts in the first trimester are associated with an
increased risk of miscarriage (15). We have not
observed any correlation between RPL and blood
count parameters in either group.

Regarding our study, we found that a decrease in
aPTT was significantly correlated with the number
of miscarriages. The effect of shortening aPTT
value on pregnancy loss was supported by various
studies. Ogasawara M, et al included 261 patients
with a history of two consecutive first-trimester
spontaneous abortions who had no
antiphospholipid antibodies, and they were
examined for aPTT, prothrombin time, and
fibrinogen before the next pregnancy. Fifty-eight
percent of 261 patients (22.2%) had a subsequent
spontaneous abortion. Significantly elevated
spontaneous abortion rates in patients with
preconception-shortened aPTT were detected.
The possible mechanism may be associated with
thrombosis in syncytiotrophoblasts or the spiral
artery induced by a hypercoagulable state. It was
suggested that short aPTT values before
pregnancy can indicate pregnancy loss (16). In the
study conducted by Yao et al., 48 patients with
recurrent abortion were divided into Group A (two
miscarriages, n=21), Group B (three miscarriages,
n=16), and Group C (= four miscarriages, n=11)
according to the number of miscarriages, and
recurrent pregnancy loss was found to be
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associated with decreased aPTT, prothrombin
time and increased fibrinogen and D-Dimer levels
(17). In another study by Ali A. et al, a significant
relationship was found between recurrent
miscarriages and increased factor VIl levels as
well as decreased aPTT among 68 patients with
RPL (18).

The assumption that thrombophilic status
increases the risk of thrombosis at the low-flow
maternal-placental interface, leading to placenta-
mediated complications such as RPL, prevails
among most clinicians. However, the role of
hereditary deficiencies and mutations in the
etiology of RPL has not been proven, and the risk
is probably increased in high-risk thrombophilia
(AT deficiency, FVL or Prothrombin G20210A

variant homozygote mutations, concurrent
heterozygosity for both FVL and Prothrombin
G20210A variants, and rare combined

thrombophilias such as AT deficiency plus FVL
mutation) (19).

Although the effects of genetic mutations and
protein C/S/AT deficiency on RPL have been
investigated in various studies in different
populations, conflicting results have been
obtained regarding the presence of the correlation
(20-27) In a cross-sectional multicenter study of
1384 patients conducted by Preston F. et al, it was
emphasized that the probability of pregnancy loss
(as both miscarriage and stillbirth) increased
especially in those with protein C/S and
antithrombin deficiency and that this situation
increased even more clearly, especially in those
with AT deficiency and in the patient group with
multiple genetic thrombophilic defects (28). In a
meta-analysis by Liu et al, 89 studies including
30,254 patients were compiled and found that FVL
mutation, PGM and Protein S deficiency may
increase the risk of RPL by 2.44-fold, 2.08-fold,
and 3.45-fold, respectively. No significant
correlation was found between antithrombin and
protein C deficiency with RPL. The relationship
with other genetic mutations (MTHFR, PAI, Beta
fibrinogen, Factor XIII) was not investigated (29).
Regarding FVL and PGM mutation; an association
with these mutations and abortion has not been
found in various studies (30-33). In our study,
there were only two patients (all in group B) with
FVL mutation (homozygous), while there were no
patients with PGM homozygous mutation. There
were two patients in group A and group B with
double heterozygous mutations, respectively. In
addition, there were no patients with protein
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C/S/AT deficiency. Although it is not clear how
much these mutations (FVL and PGM) seen in our
patients affected the results, it would be
reasonable to assume that this effect is limited
since they are present in a small number of
patients. Since there are not enough studies in the
literature to investigate the contribution of other
mutations (MTHFR, PAI, Beta fibrinogen, Factor-
XIll gene mutations) in the etiology of RPL, it
would not be appropriate to comment on their
effect on our study and it is presented only as
demographic data.

CONCLUSION

RPL continues to aggrieve pregnant women as an
undesirable condition due to the multiple causes
that lead to RPL, their different pathogenetic
mechanisms, the difficulty of homogenization of
patient groups, and ultimately the inability of
studies to determine a parameter(s) that will
predict this condition. As a parameter that can be
easily and quickly assayed, a low aPTT value may
be a parameter that can help predict RPL (30-33).

Limitations of the study

Although no risk factor is identified in 50-70% of
couples with recurrent pregnancy loss; in our
study, various parameters such as advanced
maternal age, number of previous miscarriages,
obesity (body mass index >30kg/m2), lifestyle
factors (stress, smoking, and excessive alcohol
consumption) may affect laboratory results as well
as pregnancy outcomes, however, patients were
not excluded from evaluation in this respect (34).
Another limitation of the study is the patients who
use antiaggregant and anticoagulant drugs due to

References

previous thrombotic profiles that may affect further
miscarriages as well as laboratory values. These
circumstances may show that a relatively
heterogeneous population has been evaluated.
In addition, patients in group A may have
continued pregnancy loss in their subsequent
pregnancies, if any, and therefore may have the
potential to move to group B. This is a limitation
arising from the retrospective and cross-sectional
design of our study.

Acknowledgements: Thanks to Dr Kibra Ecem
Turgutkaya from Aydin Adnan Menderes
University Public Health Department for making
statistical analysis of the study.

Declarations

Funding: This research did not receive any
specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Conflicts of interest: Authors declared no conflict
of interest.

Availability of data and material: The authors
approve that all necessary papers regarding this
report can be offered on request.

Ethics approval: Ethical committee approval has
been obtained (Aydin Adnan Menderes University
Date: 20.11.2023-Number: 453317)

Consent to participate: Informed consent form
approving participation was obtained from the
patients.

Consent for publication: Informed consent form
approving publication was obtained from the
patients.

1.

316

Diejomaoh MF: Recurrent spontaneous miscarriage is still a challenging diagnostic and therapeutic quagmire.
Med Princ Practice, 2015; 24: 38-55

Practice Committee of American Society for Reproductive Medicine: Definitions of infertility and recurrent
pregnancy loss. Fertil Steril, 2013; 99: 63

Jauniaux E, Farquharson RG, Christiansen OB, Exalto N: Evidence-based guidelines for the investigation and
medical treatment of recurrent miscarriage. Hum Reprod, 2006; 21: 2216—22.

Kamal AH, Tefferi A, Pruthi RK. How to interpret and pursue an abnormal prothrombin time, activated partial
thromboplastin time, and bleeding time in adults. Mayo Clin Proc. 2007 Jul;82(7):864-73. doi: 10.4065/82.7.864
Jiang L, Du Y, Lu Y, Wu X, Tong X. Monitoring of hemostatic parameters for early prediction of first-trimester
miscarriage. Biomarkers. 2021 Sep;26(6):532-538. doi: 10.1080/1354750X.2021.1933592.

Cui C, Yang S, Zhang J, Wang G, Huang S, Li A, et al. Trimester-specific coagulation and anticoagulation
reference intervals for healthy pregnancy. Thromb Res. 2017 Aug;156:82-86. doi:
10.1016/j.thromres.2017.05.021.

Abortion care guideline, World Health Organization, Geneva
https://www.who.int/publications/i/item/9789240039483. Last access: 18.12.2024

2022. Available at:

Ege Journal of Medicine / Ege Tip Dergisi



8. American College of Obstetricians and Gynecologists' Committee on Practice Bulletins—Gynecology. ACOG
Practice Bulletin No. 200: Early Pregnancy Loss. Obstet Gynecol.2018 Nov;132(5):e197-e207. doi:
10.1097/A0G.0000000000002899.

9. Quenby S, Gallos ID, Dhillon-Smith RK, Podesek M, Stephenson MD, Fisher J, et al. Miscarriage matters: the
epidemiological, physical, psychological, and economic costs of early preghancy loss. Lancet. 2021 May
1;397(10285):1658-1667. doi: 10.1016/S0140-6736(21)00682-6.

10. Turesheva A, Aimagambetova G, Ukybassova T, Marat A, Kanabekova P, Kaldygulova L, et al. Recurrent
Pregnancy Loss Etiology, Risk Factors, Diagnosis, and Management. Fresh Look into a Full Box. J Clin Med.
2023 Jun 15;12(12):4074. doi: 10.3390/jcm12124074.

11. Tulandi T, Al-Fozan HM. Recurrent pregnancy loss: Management. https A
www.uptodate.com/contents/recurrent-pregnancy-loss-management. Last access: 18 July 2024

12. Quenby S, Booth K, Hiller L, Coomarasamy A, de Jong PG, Hamulyak EN, Scheres LJ, van Haaps TF, Ewington
L, Tewary S, Goddijn M, Middeldorp S; ALIFE2 Block Writing Committee; ALIFE2 Investigators. Heparin for
women with recurrent miscarriage and inherited thrombophilia (ALIFE2): an international open-label,
randomised controlled trial. Lancet. 2023 Jul 1;402(10395):54-61. doi: 10.1016/S0140-6736(23)00693-1

13. Schleussner E, Kamin G, Seliger G, Rogenhofer N, Ebner S, Toth B, Schenk M, Henes M, Bohlmann MK,
Fischer T, Brosteanu O, Bauersachs R, Petroff D; ETHIG Il group. Low-molecular-weight heparin for women
with unexplained recurrent pregnancy loss: a multicenter trial with a minimization randomization scheme. Ann
Intern Med. 2015 May 5;162(9):601-9. doi: 10.7326/M14-2062.

14. Sever Erdem, Z., Cayir, Y., Kosan, Z., Erdem, H. B. (2020). Is There Any Relation Between Recurrent
Miscarriage and Complete Blood Count Values? A Case-Control Study. Konuralp Medical Journal, 12(1), 39-
43. https://doi.org/10.18521/ktd.518494

15. Al-Husban N, Al-Atrash H, Alhayek N, Al-Soud K, Alhusban M. Platelet and White Blood Cell (WBC) Counts in
the First Trimester and Pregnancy Outcome: Prospective Controlled Study. J. Fetal Med. (June 2019) 6:89-94.
DOI: 10.1007/s40556-019-00202-0.

16. Ogasawara M, Aoki K, Katano K, Aoyama T, Ozaki Y, Suzumori K. Activated partial thromboplastin time is a
predictive parameter for further miscarriages in cases of recurrent fetal loss. Fertil Steril. 1998 Dec;70(6):1081-
4. doi: 10.1016/s0015-0282(98)00336-7.

17.Yao, H., Ji, Y., & Zhou, Y. (2022). Analysis of blood coagulation indexes, thromboelastogram and autoantibodies
in patients with recurrent pregnancy loss. Pakistan journal of medical sciences, 38(7), 2005-2010.
https://doi.org/10.12669/pjms.38.7.6284

18. Ali A, Mohan P, Kareem H, Muhammed MK. Elevated Factor VIII Levels and Shortened APTT in Recurrent
Abortions. J Clin Diagn Res. 2016 Jan;10(1):EC04-6. doi: 10.7860/JCDR/2016/17841.7080. Epub 2016 Jan 1.
PMID: 26894070; PMCID: PMC4740597.

19. Lockwood CJ, Bauer, KA. Inherited thrombophilias in pregnancy. Available at:
https://www.uptodate.com/contents/inherited-thrombophilias-in-pregnancy. Last access 18.12.2024

20. Sergi C, Al Jishi T, Walker M. Factor V Leiden mutation in women with early recurrent pregnancy loss: a meta-
analysis and systematic review of the causal association. Arch Gynecol Obstet. 2015 Mar;291(3):671-9. doi:
10.1007/s00404-014-3443-x.

21.Gao H, Tao FB. Prothrombin G20210A mutation is associated with recurrent pregnancy loss: a systematic
review and meta-analysis update. Thromb Res. 2015 Feb;135(2):339-46. doi: 10.1016/j.thromres.2014.12.001,

22.Fakhr-Eldeen, Abeer & Badawy, A & Als, Baraah & Fawzy, Manal. (2017). Factor V Leiden G1691A and
Prothrombin G20210A mutations are associated with repeated spontaneous miscarriage in Northern area of
Saudi Arabia. Genetics and Molecular Research. 16. 10.4238/gmr16039810.

23.Bigdeli R, Younesi MR, Panahnejad E, Asgary V, Heidarzadeh S, Mazaheri H, et al. Association between
thrombophilia gene polymorphisms and recurrent pregnancy loss risk in the Iranian population. Syst Biol Reprod
Med. 2018 Aug;64(4):274-282. doi: 10.1080/19396368.2018.1456576.

24. Jusi¢ A, Bali¢ D, Avdi¢ A, Podanin M, Bali¢ A. The association of factor V G1961A (factor V Leiden), prothrombin
G20210A, MTHFR C677T and PAI-1 4G/5G polymorphisms with recurrent pregnancy loss in Bosnian women.
Med Glas (Zenica). 2018 Aug 1;15(2):158-163. doi: 10.17392/948-18.

25. Perés Wingeyer S, Aranda F, Udry S, Latino J, de Larrafiaga G. Inherited thrombophilia and pregnancy loss.
Study of an Argentinian cohort. Med Clin (Barc). 2019 Apr 5;152(7):249-254. English, Spanish. doi:
10.1016/j.medcli.2017.12.019.

Volume 64 Issue 2, June 2025 / Cilt 64 Sayi 2, Haziran 2025 317



26.

27.

28.

29.

30.

31.

32.

33.

34.

Parand A, Zolghadri J, Nezam M, Afrasiabi A, Haghpanah S, Karimi M. Inherited thrombophilia and recurrent
pregnancy loss. Iran Red Crescent Med J. 2013 Dec;15(12):€13708. doi: 10.5812/ircm].13708.

Yengel |, Yorulmaz T, Api M. Association between FVL G1691A, Fll G20210A, and MTHFR C677T and A1298C
polymorphisms and Turkish women with recurrent pregnancy loss. Med Glas (Zenica). 2020 Feb 1;17(1):129-
135. doi: 10.17392/1062-20.

Preston FE, Rosendaal FR, Walker ID, Briét E, Berntorp E, Conard J, et al. Increased fetal loss in women with
heritable thrombophilia. Lancet. 1996 Oct 5;348(9032):913-6. doi: 10.1016/s0140-6736(96)04125-6

Liu X, Chen Y, Ye C, Xing D, Wu R, Li F, et al. Hereditary thrombophilia and recurrent pregnancy loss: a
systematic review and meta-analysis. Hum Reprod. 2021 Apr 20;36(5):1213-1229. doi:
10.1093/humrep/deab010.

Dizon-Townson D, Miller C, Sibai B, Spong CY, Thom E, Wendel G Jr, et al. National Institute of Child Health
and Human Development Maternal-Fetal Medicine Units Network. The relationship of the factor V Leiden
mutation and pregnancy outcomes for mother and fetus. Obstet Gynecol. 2005 Sep;106(3):517-24. doi:
10.1097/01.A0G.0000173986.32528.ca.

Said JM, Higgins JR, Moses EK, Walker SP, Borg AJ, Monagle PT, et al. Inherited thrombophilia polymorphisms
and pregnancy outcomes in nulliparous women. Obstet Gynecol. 2010 Jan;115(1):5-13. doi:
10.1097/A0G.0b013e3181c68907.

Lindqvist PG, Svensson PJ, Marsaal K, Grennert L, Luterkort M, Dahlback B. Activated protein C resistance
(FV:Q506) and pregnancy. Thromb Haemost. 1999 Apr;81(4):532-7. PMID: 10235434.

Silver RM, Zhao Y, Spong CY, Sibai B, Wendel G Jr, Wenstrom K, et al. Eunice Kennedy Shriver National
Institute of Child Health and Human Development Maternal-Fetal Medicine Units (NICHD MFMU) Network.
Prothrombin gene G20210A mutation and obstetric complications. Obstet Gynecol. 2010 Jan;115(1):14-20. doi:
10.1097 / AOG.0b013e3181c88918

Dimitriadis, E., Menkhorst, E., Saito, S. et al. Recurrent pregnancy loss. Nat Rev Dis Primers 6, 98 (2020).
https://doi.org/10.1038/s41572-020-00228-z

318 Ege Journal of Medicine / Ege Tip Dergisi


https://doi.org/10.1038/s41572-020-00228-z

Arastirma Makalesi | Research Article

Ege Tip Dergisi | Ege Journal of Medicine; 2025 64 (2): 319-323

Diyabetik ayak enfeksiyonu ile takipli hastalarda HBV seroprevalansi

HBV seroprevalence in patients with diabetic foot infection
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Amag: Hepatit B virisu (HBV), kronik karaciger hastaliklarina ve hepatoseliler karsinoma neden olarak
yilda 3 milyon kisinin 8limiine yol agan kiresel bir saglik sorunudur. Diinya Saglk Orgiitii 254 milyon
kisinin kronik hepatit B ile yasadigini tahmin etmektedir. Hastalik Kontrol ve Onleme Merkezleri, HBsAg

prevalansinin %2'yi astigi bolgelerde HBV taramasi yapilmasini dnermektedir. Tirkiye, %4,5 prevalans
orani ile orta endemisite bolgesindedir.

Diyabetik ayak enfeksiyonu olan hastalar, sik saglik hizmeti basvurulari nedeniyle HBV’ye maruziyet
agsindan daha yiksek risk altindadir. Bu galisma, bu hassas popullasyonda HBV seroprevalansini
arastirmayl amagclamaktadir.

Gereg ve Yéntem: 2016-2024 yillari arasinda Ege Universitesi Enfeksiyon Hastaliklari kliniginde
diyabetik ayak enfeksiyonu nedeniyle yatirilarak takip ve tedavi edilen olgular, elektronik hasta kayitlari
Uzerinden retrospektif olarak incelenmistir. Hastalarin demografik verileri, HBsAg, Anti-HBs, Anti-HBc
IgG ve gerekli durumlarda HBV DNA sonuglari kaydedildi.

Bulgular: Alti yiz otuz iki (n: 632, Erkek/Kadin: 449/183, ortalama yas: 63,02+ 11,429) hastanin,
HBsAg, Anti-HBs ve Anti-HBc 1gG pozitiflik oranlari sirasiyla; %1,89, %36,07 ve %32,1 idi. Hastalarin
164’0 enfeksiyonu dogal yolla gecirerek 79'u ise asilama ile bagisiklik kazanmistir. Yine hastalarin
53'Unde izole Anti-HBc 1gG pozitifligi tespit edilmisken, 12 hastada kronik hepatit B enfeksiyonu
saptanmigtir. Hastalarin 303’Gnun (%47,9) ise HBV ile hi¢ karsilasmamis ve agsisiz oldugu dikkat
cekmigtir. Bekledigimizin aksine HBsAg seropozitiflik oranlari genel populasyon ortalamasinin altinda
bulunmustur. Yirmi bir hastanin eksik verisi olmasi nedeni ile klinik siniflamasi yapilamamistir.

Sonug: Diyabetik ayak enfeksiyonu ile yasayan hasta grubu HBV agisindan gesitli risk faktorlerine
maruz kalmaktadir. Bu nedenle sistematik olarak taranmali ve agsisiz olanlarin agilamasi yapilmali,
gerekli hastalarda tedavi baglanmalidir.

Anahtar Sozciikler: Diabetes Mellitus, Diyabetik ayak enfeksiyonu, HBV prevalansi.

ABSTRACT

Aim: Hepatitis B virus (HBV) is a global health problem that causes chronic liver disease and
hepatocellular carcinoma, killing 3 million people annually.
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The World Health Organization estimates that 254 million people are living with chronic hepatitis B. The
Centers for Disease Control and Prevention recommends HBV screening in areas where HBsAg
prevalence exceeds 2%. Turkey is in a medium endemicity area with a prevalence rate of 4.5%.

Patients with diabetic foot infection are at higher risk of HBV exposure due to frequent healthcare visits.
This study aims to investigate HBV seroprevalence in this vulnerable population.

Materials and Methods: Patients hospitalized and treated for diabetic foot infection at ... University
Infectious Diseases Clinic between 2016 and 2024 were retrospectively analyzed through electronic
patient records. Demographic data, HBsAg, Anti-HBs, Anti-HBs, Anti-HBc IgG and HBV DNA results
were recorded when necessary.

Results: HBsAg, Anti-HBs and Anti-HBc 1gG positivity rates of six hundred and thirty-two (n: 632,
Male/Female: 449/183, mean age: 63.02+ 11,429) patients were 1.89%, 36.07% and 32.1%,
respectively. 164 of the patients acquired the infection naturally and 79 of them were immunized by
vaccination. Isolated anti-HBc IgG positivity was detected in 53 patients, while 12 patients had chronic
hepatitis B infection. It was noteworthy that 303 (47.9%) of the patients had never encountered HBV
and were not vaccinated. Contrary to our expectations, HBsAg seropositivity rates were below the
general population average. Twenty-one patients could not be clinically classified due to missing data.

Conclusion: The patient group living with diabetic foot infection is exposed to various risk factors for
HBV. Therefore, they should be systematically screened and those who are not vaccinated should be
vaccinated, and treatment should be initiated in necessary patients.

Keywords: Diabetes Mellitus, Diabetic foot infection, HBV prevalence

GiRiS
Hepatit B virisi (HBV) enfeksiyonu, kronik ve
karaciger hastaliklari, siroz ve hepatoselller
karsinom (HSK) gelisimine yol agan ciddi bir
kiresel saglk sorunudur (1-4). Dinya Saglik
Orgiti'ne (WHO) gére, diinya ¢apinda tahminen
254 milyon kisi kronik Hepatit B ile yagamakta ve
her yil 1,2 milyon yeni enfeksiyon géruldagu
tahmin edilmektedir. Yilda en az 1,1 milyon 8lim

farkindalik kampanyalarinin onemi
vurgulanmaktadir (6-8). Bu calismanin amaci,
diyabetik ayak enfeksiyonlari nedeniyle izlenen
hastalarda Hepatit B Virlisl (HBV)
seroprevalansini arastirmaktir.

GEREG ve YONTEM

HBV'nin  neden oldugu kronik karaciger 2016-2024 vyillari arasinda klinigimizde yatarak
hastaliklarina (siroz ve HSK) baglanmaktadir (4).  takip ve tedavi edilen diyabetik ayak enfeksiyonlu
Ulkemizde de 2012-2016 yillari arasinda olgular elektronik hasta kayitlar (izerinden
gergeklestirilen karaciger transplantasyonlarinin  retrospektif ~ olarak  incelendi.  Hastalarin

yaklasik yarisinin (%40-50) HBV enfeksiyonuna
bagh akut-kronik karaciger yetmezligi ve HSK
nedeniyle yapildigi bildirilmistir (5). Bu istatistikler,
HBV enfeksiyonunun yaygin bir saglik sorunu
olarak ciddiyetinin altini ¢izmekte ve halk saghgi
Uzerindeki etkisini azaltmak igin rutin asli semasi
disinda kalan tim populasyonun taranmasi
gerekliligini vurgulamaktadir.

demografik verileri, Hepatit B ylzey antijeni
(HBsAg), Hepatit B ylzey antikoru (Anti-HBs),
Hepatit B ¢ekirdek antikoru immunoglobulin G
(Anti-HBc I1gG) ve HBV DNA duzeyleri (IU/ml)
kaydedildi. HBsAg pozitif olan ancak alanin
aminotransferaz (ALT) ve aspartat transaminaz
(AST) seviyeleri normal olan ve HBV DNA’si
negatif olan hastalar HBV tasiyicisi olarak kabul
edilmistir. HBsAg ve Anti-HBc 1gG sonucu negatif,
Anti-HBs pozitif olan hastalar asilanmis kabul
edilmistir. izole Anti-HBc 1gG pozitifliginin tek
basina saptanmasi izole Anti-HBc IgG pozitifligi

Diyabetik ayak enfeksiyonu olan hastalar, sik
hastane ziyaretleri, ¢cok sayida enjeksiyon ve
ameliyata maruz kalmalari ve hastaliklari
sirasinda kan tranfiizyonu olasiliy1 nedeniyle daha

fazla risk altindadir. Bu baglamda, bu bireylerin
HBV'ye yakalanma riskinin daha yuksek oldugu
dustnilmekte ve risk altindaki populasyonlarda
HBV enfeksiyonlarinin yénetimi ve yayginliginin
azaltimasinda hedefe ydnelik dnleyici tedbirlerin
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olarak kabul edilmistir. Her ¢ parametre (HBsAg,
Anti-HBs ve Anti-HBc) i¢in negatif olan hastalar
hepatit B ile hi¢ karsilasmamis olarak kabul
edilmigtir. Siroz varligi; trombosit sayisi, INR
degeri ve karaciger USG’si ile degerlendirilmigstir.
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Calismamiz Helsinki Deklarasyonu kararlarina,
hasta haklari ydnetmeligine uygun olarak
planlandi ve Ege Universitesi Tip Fakiiltesi Klinik
Arastirmalari Etik kurulundan 12.12.24 tarih ve 24-
12T/43 sayih etik kurul onay alind..

istatistiksel Analiz: Veriler, Excel ortaminda
dizenlenip SPSS’e aktariimis ve tanimlayici
istatistikler kullanilarak her bir degiskenin frekans
ve yuzde dagilimlar hesaplanmistir. Eksik veriler
kontrol edilmis ve kuglk eksiklikler i¢in ortalama
veya medyan imputasyonu uygulanmis, blyuk
oranli eksiklikler ise analizden gikariimistir.

63.02+ 11,42 yil bulunmustur. HBsAg (n=607),
Anti-HBs (n=604) ve Anti-HBc IgG (n=577).
HBsAg, Anti-HBs ve Anti-HBc 1gG pozitifligi
yuzdeleri sirasiyla %1,89, %36,07 ve %32,1
olarak bulunmustur. 632 kisiden 303’G Hepatit B
ile hi¢ karsilasmamig, 53'Unde izole Anti-HBc IgG
pozitifligi tespit edilmis ve 79'u asilama yoluyla,
164U karsilasarak bagisiklik kazanmistir. 12
hasta hepatit B enfeksiyonu tasiyiciligi ile takip
edilmekte olup; iki hastada kronik HBV
enfeksiyonu saptanmis ve entekavir tedavisi
baslanmistir (Tablo-1). Yirmi bir hastanin eksik
verisi olmasi nedeni ile klinik siniflamasi
yapilamamistir. Trombosit degeri <150. 0000/uL

BULGULAR altinda olan 2 hastada siroz saptanmistir. Bir

o i ) i ) hasta exitus olmus. Diger hasta ise

Kllnlglrmzde takip ~ edilen d|y_gbet|k ayak gastroenteroloji boliminde takiplerine devam

enfeksiyonu olan 632 hastanin 183’U (%29) kadin, etmektedir

449'u (%71) ise erkekti, yas ortalamalar ise '

Tablo-1. HBsAg pozitif olan 12 hastanin 6zellikleri.

Hasta YAS CINSIYET HBV DNA AST ALT PLT INR USG

no. (IU/mL) (UIL)  (U/LL)  (1073/uL)

1. 66 E 32 13 11 208 0,95 Grade 1-2
hepatosteatoz

2. 54 E SAPTANMADI 6 5 280 1,1 Grade 2
hepatosteatoz

3. 58 E 46 25 18 271 1,26  OLAGAN

4. 51 E BAKILMAMIS 18 16 247 1,14 -

5. 65 E 136 12 9 272 1,05 OLAGAN

6. 65 E SAPTANMADI 16 26 277 1,01  Grade 2
hepatosteatoz

7. 70 E BAKILMAMIS 10 25 475 1 -

8. 9 E BAKILMAMIS 42 27 325 1 -

9. 52 E 135396389 115 52 120 1,5

10. 67 E 170 12 12 225 0,9 Grade 1-2
hepatosteatoz

11. 59 E 439090056 41 27 89 1,24  Karaciger
parankim yapisi
heterojen ve
kaba
gortiinimdedir

12. 33 E 1020 44 49 497 0,97 OLAGAN

TARTISMA genel popllasyona kiyasla daha yiksek

HBV enfeksiyonu genellikle insandan insana kan
ve kan dUriunleri yoluyla bulasir. Yaygin risk
faktorleri arasinda ortak enjektor kullanimi, damar
ici uyusturucu bagimliligi, 1996'dan énce yapilan
kan nakilleri veya organ nakilleri, hemodiyalize
giren bireyler, dovmesi veya piercingi olanlar ve
hapse girmis bireyler yer almaktadir (9). Ayrica,
HBV ile enfekte annelerden dogan bebeklerde
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enfeksiyon sikligi goértlmektedir.

Hastallk Kontrol ve Onleme Merkezleri (CDC),
HBsAg (Hepatit B yuzey antijeni) prevalansinin
%2'yi astigi  ulkelerdeki  bireylerde HBV
enfeksiyonu i¢in rutin tarama yapilmasini
onermektedir (10). Bu tarama, enfeksiyonu erken
teshis etmek ve belirtilen esikten daha yulksek
prevalansa sahip bolgelerde yayilmasini kontrol
etmek icin Onerilmektedir. Turkiye, Hepatit B
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viristndn (HBV) orta derecede endemik oldugu
bir Ulkedir ve prevalansi %4'tir (%2 ila %8
arasinda degismektedir) (11-14).

Calismamizda prevalansin Tirkiye ortalamasinin
altinda bulunmasini, hastanemizin TURHEP
calismasinda Turkiye'nin %2,3 ile en disik KHB
prelevansina sahip Ege Bdlgesinde olmasi ve 3.
Basamak olan hastanemizde seroloji takiplerine
onem verilmesi ve Hepatit B ile karsilasmamis ve
asisiz hastalarinin ilk basvurularinda asilama
programina alinmasi oldugunu distnmekteyiz
(15).

Hepatit B virlisii (HBV) enfeksiyonunun karaciger
Uzerinde dekompansasyon, siroz ve hepatoselller
karsinom (HCC) dahil olmak tzere énemli zararl
etkileri vardir (16,17). Dahasi, karaciger glikoz
homeostazinda &6nemli bir rol oynadigindan,
karacier hasari glikoz metabolizmasinda
bozukluklara yol agabilir ve bdylece tip 2 diabetes
mellitus (T2 DM) riskini artirabilir (18,19). Cin’de
yapilan bir c¢alismada 55.520 katiimcinin yer
aldig1 prospektif bir kohort calismasinda, KHB'si
olan bireylerin, 5,6 yillik ortalama bir takip siresi
boyunca enfekte olmayan akranlarina gére T2DM
gelistirme  riskinin  daha yiksek oldugu,
bildiriimistir (18).

Dinya c¢apinda 20-79 vyaslari arasindaki 537
milyon yetiskinin diyabetle yasadigi tahmin
edilmektedir. Bu veriler isiginda diyabetin
komplikasyonlari ile sik kargilagiimaktadir (20).

Diyabetik ayak dlserleri diyabetin en sik
hastaneye yatis gerektiren ve alt ekstremite

amputasyonuna yol acan komplikasyonudur
(21,22). Diyabet hastalarinda Hepatit B
seroprevalansi ile ilgili ¢cok sayida yapiimis

calisma olmasina ragmen Ulseri olan hastalarda
yapilmis calisma sayisi sinirhdir.  Turkiye'de
yapilmis bir calismada Ulseri olan ve olmayan
hasta gruplarinda HBsAg ve anti-HBs
seropozitifliginde anlamli bir fark gdzlenmemis

Kaynaklar

ancak HbsAg seropozitifliginin diyabet
hastalarinda genel popllasyondan daha yiksek
olugu bulunmustur (23). Yapilan bir ¢alismada
Ulser gelisen hastalarin bir yilhk takiplerinde
yalnizca %46's1 iyilesmis, %10 hastada ulser
tekrarlamis, %15'i Olmis ve %17'sinin alt
ekstremite amputasyonuna ihtiyaci olmustur (24).
Bu hasta grubun sk hastane bagvurusu,
tekrarlayan ameliyatlar ve kan tranfiizyonu ihtiyaci
gelismesi gibi risk faktorleri ile sik temasi bu hasta
grubunu hepatit B taranmasi i¢in dncelikli gruplar
icerine sokmaktadir.

Bu bilgiler 1siginda Kronik hepatit B hastalari
diyabet igin, diyabet hastalari ise hepatit B
enfeksiyonu igin risk altindadir. Ginimizde aslyla
korunabilir olmasi ve tedavisinin olmasi nedeni ile
bu risk grubunun mutlaka taramasinin yapilmasi
gerektigini disinmekteyiz.

SONUG

Diyabetik ayak enfeksiyonu olan hastalar siklikla
tibbi yardim almakta, hastaliklari siresince sik sik
hastane ziyaretleri, enjeksiyonlar, ameliyatlar
gecirmekte ve kan transfiizyonlarina maruz
kalmaktadir. Her ne kadar ¢alismamiz, bu grubun
seropozitifik oraninin normal popllasyondan
yuksek oldugunu istatistiksel olarak gosterememis
olsa da yukarida belirtilen risk faktorleri gz 6niine
alindiginda, bu grubun riskli bir populasyon oldugu
kanaatindeyiz. Bu baglamda, HBV enfeksiyonu
riski tagiyan bireylerin taranmasi ve gerekli tedavi
sureclerinin  uygulanmasi elzemdir. Tarama
sonuglarina dayanarak, HBV'ye karsi
asllanmamis hastalar i¢in uygun asilamalarin
yapilmasi gerekmektedir. Dolayisiyla, diyabetik
ayak enfeksiyonu ile yasayan hasta grubunun
HBV acisindan sistematik olarak taranmasi buyik
Onem arz etmektedir.

Cikar Catismasi: Yazarlar aralarinda ¢ikar
catismasi olmadigini beyan etmiglerdir.
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The role of biochemical markers in predicting pre-eclampsia
Preeklampsiyi 6ngérmede biyokimyasal belirteglerin rolii
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ABSTRACT

Aim: The aim of our study was to evaluate the role of biochemical markers in predicting preeclampsia.

Materials and Methods: 7240 women whose pregnancy follow-ups and deliveries were carried out by
us between March 2018 and March 2024 were retrospectively screened. Patients in the study group
consisted of 102 women diagnosed with preeclampsia at <34 weeks of gestation, and patients in the
control group consisted of 118 women who gave birth at =37 weeks of gestation. Demographic
characteristics and obstetric and biochemical outcomes of the two groups were compared with each
other.

Results: The body mass index (BMI) value was significantly higher in the preeclampsia group
compared with the controls group (p=0.016). The birth weight value was significantly lower in the
preeclampsia group compared with the controls group (p<0.001). The gestational week at delivery was
significantly lower in the preeclampsia group compared with the controls group (p<0.001).
Lymphocyte and platelet counts were significantly lower in the preeclampsia group compared with the
controls group (p<0.001 and p<0.001, respectively). NLR and SlI value were significantly higher in the
preeclampsia group compared with the controls group (p=0.022, p<0.001, respectively).

Conclusion: Our study reveals important clinical and laboratory differences in preeclamptic
pregnancies. Increased inflammatory markers were found to be a feature of preeclamptic pregnancies
and are consistent with the existing literature. Our findings can be used to determine early diagnosis
and comprehensive management strategies to minimize the risks associated with preeclampsia.

Keywords: NLR, PLR, Pregnancy, Preeclampsia, Sll, SIRI
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Amag: Calismamizin amaci preeklampsiyi 6ngérmede biyokimyasal belirteglerin  roliinii
degerlendirmektir.
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Calisma grubundaki hastalar <34 gebelik haftasinda preeklampsi tanisi konulan 102 kadindan, kontrol
grubundaki hastalar ise 237 gebelik haftasinda dogum yapan 118 kadindan olustu. ki grubun
demografik ézellikleri, obstetrik ve biyokimyasal sonugclari birbirleriyle karsilagtirildi.

Bulgular: Preeklampsi grubunda viicut kitle indeksi kontrol grubuna gére anlamli yiiksek saptandi
(p=0.016). Dogum agirligi preeklampsi grubunda kontrol grubuna gére anlamli dlisiik saptandi
(p<0.001). Dogumdaki gebelik haftasi preeklampsi grubunda kontrol grubuna gére anlamli diisiik
saptandi (p<0.001). Lenfosit ve trombosit sayilari preeklampsi grubunda kontrol grubuna gére anlamli
diislik saptandi (p<0.001 ve p<0.001, sirasiyla). NLR ve Sl dederi preeklampsi grubunda kontrol
grubuna goére anlamli yiiksek saptandi (p=0.022, p<0.001, sirasiyla).

Sonug¢: Calismamiz, preeklamptik gebelerde 6nemli klinik ve laboratuvar farkliliklarini ortaya
koymaktadir. Artmis inflamatuar belirteglerin preeklamptik gebeliklerin bir ézelligi oldugu bulunmustur
ve mevcut literatiirle tutarlidir. Bulgularimiz, preeklampsi ile iliskili riskleri en aza indirmek igin erken

tani ve kapsamli ybnetim stratejilerini belirlemek igin kullanilabilir.
Anahtar Sézciikler: Gebelik, NLR, PLR, Preeklampsi, SlI, SIRI

INTRODUCTION

Preeclampsia is a pregnancy-specific health
condition that is observed in approximately 6-8%
of women, may recur in the next pregnancy,
occurs after the 20th week of gestation and may
significantly affect maternal and fetal health (1).
Predicting this condition is very important for
maternal and fetal health and is still being
researched and there is no definitive method yet.
Preeclampsia is characterized by widespread
endothelial dysfunction in the body, often
diagnosed by new-onset hypertension and
concomitant disorders of various end organ
disorders with or without new-onset proteinuria,
and even seizures, and can have fatal
consequences (2). The definitive treatment is
delivery and if this delivery has to be preterm, it
increases prematurity, perinatal mortality and
morbidity. The etiology and pathogenesis of pre-
eclampsia are considered multifactorial. Major
pathophysiological processes include alterations
in hemostatic-system, such as the endothelial-
cell-damage, platelet activation and enhanced
intravascular thrombin generation 3).
Hyperactivation of inflammatory and immunologic
responses in preeclampsia leads to a marked
increase in the number of neutrophils and a
change in neutrophils towards superoxide
production leading to endothelial damage and
dysfunction (4). Recently, there has been
increased interest in predictive biomarkers for
preeclampsia. An effective predictive test would
facilitate early diagnosis and targeted treatment
and contribute to the timing of delivery. There
are many difficulties in the prevention and
management of pre-eclampsia. Research has
shown that the neutrophil/lymphocyte ratio (NLR)
and platelet/lymphocyte ratio (PLR), as well as
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the ratio between blood and blood products, may
be promising in diagnosing the prognosis of
inflammation of chronic low-level associated
diseases and in identifying cell subtypes (5-9).
Leukocyte count is higher in pregnant women
with PE compared to normal pregnant women,
mainly due to an increase in neutrophil count as
opposed to a decrease in leukocyte count (10).
As a result of these changes, the
neutrophil/lymphocyte ratio (NLR) is expected to
increase in PE compared to normal pregnancies
(10,11). Endothelial dysfunction in preeclampsia
leads to increased platelet consumption in the
maternal bloodstream and uncontrolled
intravascular platelet activation. Some studies
have reported a significant decrease in platelet
count and an increase in mean platelet volume
(MPV) and platelet distribution width (PDW) in
pregnant women with preeclampsia (12). Some
studies claim that platelet/lymphocyte ratio (PLR)
and PDW may predict preeclampsia (13,14). The
aim of our study was to evaluate the role of
biochemical markers in predicting preeclampsia.

MATERIALS AND METHODS

The present study had a retrospective case-
control design following the Principles of the
Helsinki Declaration. Informed consent
documents were received from all patients. The
study received approval from our hospital’'s
Ethics Committee (Date: 25/12/2024, Number:
2024/373). In our study, 7240 women whose
pregnancy follow-ups and deliveries were carried
out by us between March 2018 and March 2024
were retrospectively screened. The patients in
the study group consisted of 102 women aged
18-45 years with a singleton pregnancy who were
diagnosed with preeclampsia at <34 weeks of
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gestation. The patients in the control group
consisted of 118 women aged 18-45 years who
had no complications during pregnancy, had a
singleton pregnancy, and gave birth at 237
weeks of gestation. Women with a history of
assisted reproductive technologies, body mass
index (BMI) >30kg/m2 at the time of pregnancy
diagnosis, birth with chromosomal anomalies,
history of preterm birth, history of complicated
birth, multiple pregnancy, and history of chronic
disease and immunosuppressive treatment for
any reason were excluded. For the preeclampsia
diagnosis, females having hypertension must
also exhibit proteinuria, which is defined as the
presence of minimum 300-mg of protein in a 24-
hour urine collection. Patients who satisfy the
requirements for hypertension associated with
preeclampsia but do not exhibit proteinuria or any
severe additional complications are diagnosed
with GHT (15). Demographic characteristics and
obstetric and biochemical outcomes of the two
groups were compared with each other. Blood
tests of all patients performed at first trimester
were evaluated retrospectively. NLR, PLR, MLR,
Sll, and SIRI values of all patients were
analyzed. Sl was calculated using the
(neutrophilxplatelet)/lymphocyte  formula, and
SIRI was calculated using the
(neutrophilxmonocyte)/lymphocyte formula
(16,17).

Statistical Analysis

Statistical analysis was carried out by employing
the-SPSS 26.0 (IBM-Inc-Chicago-IL-USA). The
distribution normality was measured with the
Kolmogorov Smirnov Test. The quantitative data
of the patients were reported as mean %
Standard Deviation (SD) (minimum-maximum).
The Mann-Whitney U test was used in the
comparison of groups. The results were
evaluated at a 95% Confidence-Interval (Cl). The
p-value, <0.05, was regarded as statistically
significant.

RESULTS

The BMI value was significantly higher in the
preeclampsia group compared with the controls
group (p=0.016). The birth weight value was
significantly lower in the preeclampsia group
compared with the controls group (p<0.001). The
gestational week at delivery was significantly
lower in the preeclampsia group compared with
the controls group (p<0.001) (Table-1).

Lymphocyte and platelet counts was significantly lower
in the preeclampsia group compared with the controls
group (p<0.001 and p<0.001, respectively). NLR was
significantly higher in the preeclampsia group
compared with the controls group (p=0.022). SII was
significantly higher in the preeclampsia group
compared with the controls group (p<0.001) (Table-2).

Table-1. Comparison of demographic and obstetric data according to the presence of pre-eclampsia

Preeclampsia Controls p*
n=102 n=118
Mean+SD
Age (years) 29.5+3.8 28.6+3.7 0.82
BMI (kg/m?) 24.24+3.6 23.3+3.5 0.016
Smoking, n (%) 9 (8.8%) 10 (8.4%) 0.68
Gravidity 2(1-3) 2 (1-4) 0.78
Parity 2 (1-3) 2 (1-3) 0.90
Birth weight (g) 27204280 33801430 <0.001
Gestational week 36.4+1.2 39.1+1.1 <0.001

* Mannn-Whitney U test, BMI: Body mass index
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Table-2. Comparison of biochemical parameters according to the presence of preeclampsia

Preeclampsia Controls p*
n=102 n=118
mean = SD
Neutrophil (10*3/uL) 7.14£2.2 6.84+2.1 0.42
Lymphocyte (1043/uL) 1.82+0.54 2.17+0.66 <0.001
Platelet (10"3/uL) 211.3452.5 249.4158.6 <0.001
NLR 3.88+£1.16 3.12+1.24 0.022
PLR 116.2+54 .4 115.8453.8 0.76
MLR 0.19£0.04 0.18+0.05 0.68
MPV (fL) 9.241.28 9.441.22 0.46
Sli 832.3+116.4 720.3£108.6 <0.001
SIRI 390.8+66.8 376.6+66.8 0.72
* Mann-Whitney U test, NLR: Neutrophil/lymphocyte-ratio, PLR: Platelet/lymphocyte-ratio, MLR:

Monocyte/lymphocyte ratio, MPV: Mean platelet volume, Sll: Systemic immuno-inflammation-index, SIRI:

Systemic inflammatory response-index

DISCUSSION

Although there are many studies on pre-
eclampsia in the literature, diagnostic tests to
predict pre-eclampsia are limited. In our study,
BMI values were significantly higher in the
preeclampsia group compared to the control
group, while birth weight and gestational age at
birth  were significantly lower. In addition,
lymphocyte and platelet counts showed a
significant lower in the preeclampsia group, while
NLR and Sll values showed a significant higher.

BMI was significantly higher in the preeclampsia
group than in the control group, indicating that
increased BMI may be a contributing factor to the
development of preeclampsia. In the study
conducted by Robillard et al., it was revealed that
high BMI showed a linear relationship with late-
onset preeclampsia in particular. It was also
emphasized that BMI was an independent risk
factor (18). The study by Sohlberg et al. showed
that high BMI significantly increases the risk of
preeclampsia (19). Our study supports previous
research emphasizing the relationship between
maternal obesity and hypertensive disorders in
pregnancy.

In our study, when parameters such as neonatal
outcomes, birth weight and gestational age were
taken into account, pregnant women in the
preeclampsia group were significantly negatively
affected. Birth weight and gestational age at birth
were significantly lower in the preeclampsia
group, revealing the negative effects of
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preeclampsia on fetal development and timing of
birth. In the study conducted by An et al., it was
revealed that preeclampsia  significantly
increases the risk of preterm birth (20). The
meta-analysis by Bossung et al. confirmed that
preeclampsia increases the risk of preterm birth,
especially in cases of severe or early-onset
preeclampsia (21). In the study conducted by
Gunnarsdottir et al.,, it was emphasized that
babies exposed to preeclampsia generally have
lower birth weight and that this has a significant
effect regardless of the gestational week (22).
These findings highlight the need for careful
prenatal care and timely intervention to optimize
neonatal outcomes in pregnancies complicated
by preeclampsia.

When biochemical parameters were evaluated,
lymphocyte and platelet counts were significantly
lower in the preeclampsia group. These changes
reflect the systemic inflammatory response and
endothelial dysfunction specific to preeclampsia.
In the study conducted by Walle et al., a
decrease in platelet counts was observed in the
preeclampsia group and it was stated that this
parameter was related to the severity of the
diseases (23). In addition, unlike our study,
lymphocyte counts were also evaluated but no
significant difference was found (23). In the study
conducted by Toptas et al., a decrease in PLR
levels was detected in patients with
preeclampsia. However, no statistical difference
was found in lymphocyte levels (24).
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In our study, an increase in NLR and SlI values
were found in the preeclampsia group, indicating
an increased inflammatory condition in
preeclampsia. In the study conducted by Oglak et
al.,, it was shown that NLR values in the first
trimester were significantly higher in women with
preeclampsia compared to healthy pregnant
women. It has been stated that NLR may be a
potential marker for the prediction of
preeclampsia (25). In the study conducted by
Zheng et al., it was reported that NLR has a
moderate  diagnostic value in  predicting
preeclampsia. It was stated that NLR can be a
helpful tool in the diagnosis of preeclampsia
because it reflects the inflammatory process (26).
In the study conducted by Callioglu et al., they
found that Sl could be a valuable biomarker in
preeclampsia risk groups (27). In the study by
Akdulum et al., SIl was shown to be significantly
higher in patients who developed preeclampsia.
This emphasizes the importance of inflammation
in the pathogenesis of preeclampsia (28). These
markers can be used as potential indicators of
the severity and progression of the condition,
consistent with previous studies.

Overall, our findings are consistent with current
evidence and reinforce the multifactorial
pathophysiology of preeclampsia, including
contributions from maternal obesity, systemic
inflammation, and endothelial dysfunction. These
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results highlight the importance of early diagnosis
and targeted management strategies to reduce
adverse maternal and neonatal outcomes
associated with this condition. The retrospective
design of the study and the small sample size
can be shown as limitations. However, the
evaluation of many biochemical parameters in
terms of two groups can be shown as a strength
of the study.

CONCLUSION
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Pregnancy outcomes and risks in over 40; a retrospective analysis from
Turkey’s highest birth rate region

40 yas dstlu kadinlarda gebelik sonuglari ve riskler; Tirkiye'nin en yliksek dogum
oranina sahip bélgesinin retrospektif analizi

Elif Ucar Melih Bestel

Istanbul Esenyurt University, Private Esencan Hospital, Department of Gynecology and Obstetrics,
Istanbul, Tirkiye

ABSTRACT

Aim: Pregnancies at advanced maternal age pose significant global health concerns, particularly in
regions with high birth rates. This study evaluates the pregnancy outcomes, associated risks, and
strategies to improve maternal and neonatal health among women aged 40 and above in Siverek,
Sanlurfa, Turkey—an area with the highest crude birth rate in the country.

Materials and Methods: The short-term preghancy outcomes of 107 women aged 40 years and
older, who delivered at a second level state hospital's obstetrics and gynecology clinic between 2020
and 2021, were retrospectively analyzed.

Results: The study revealed a high average gravida (6.4 + 2.3) and parity (5.2 + 2.2) among
participants, reflecting the region's high fertility rates. Normal spontaneous vaginal delivery occurred in
69 (64.5%) cases, while 38 (35.5%) women underwent cesarean delivery, with prior cesarean section
being the leading indication (31.6%). The mean gestational age was 38.7 + 1.6 weeks, and the
average birth weight was 3282 + 488 grams. Neonatal outcomes were favorable, with mean Apgar
scores of 7.7 + 1.2 (at the first minute) and 8.8 £ 1.2 (at the fifth minute). However, 2 (1.9%) mothers
required blood transfusions, and 5 (4.7%) neonates experienced asphyxia-related complications.

Conclusions: Pregnancies in women over 40 are associated with higher obstetric and neonatal risks,
requiring meticulous monitoring and individualized care strategies. These findings emphasize the need
for targeted interventions to enhance maternal and neonatal outcomes in regions with high fertility
rates and limited healthcare resources.

Keywords: Multipar, Pregnant Women, Blood Transfusion, Apgar Score, Advanced Maternal Age

0z

Amag: lleri anne yasi gebelikleri, 6zellikle yiiksek dogum oranlarinin gériildiigi bélgelerde énemli
kiiresel saglik sorunlari olugturmaktadir. Bu ¢alisma, Tiirkiye'nin en yliksek kaba dogum oranina sahip

Siverek, Sanliurfa'da 40 yas ve lizeri kadinlar arasinda gebelik sonugclarini, ilgili riskleri ve anne ve
yenidogan sagligini iyilestirmek icin potansiyel stratejileri degerlendirmektedir.

Gereg ve Yontem: 2020-2021 yillari arasinda kirsal bir devlet hastanesinin kadin dogum kliniginde
dogum yapan 40 yas ve lizeri 107 kadinin kisa dénem gebelik sonuglari retrospektif olarak analiz
edilmigtir.
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Bulgular: Calisma, katilimcilar arasinda yiiksek ortalama gravida (6,4 + 2,3) ve parite (5,2 £ 2,2)
oranlarini ortaya koyarak bélgedeki yliksek dogurganlik oranlarini yansitmistir. Olgularin 69'unda
(%64,5) normal spontan vajinal dogum gergeklesirken, 38'inde (%35,5) sezaryen dodum yapilmis,
sezaryen endikasyonlarinin basinda 6nceki sezaryen Oykiisi (%31,6) gelmistir. Ortalama gebelik
siresi 38,7 + 1,6 hafta, ortalama dogum adirli§i ise 3282 + 488 gram olarak tespit edilmistir.
Yenidogan sonuglari olumlu olup, ortalama Apgar skorlari 1. dakikada 7,7 £ 1,2 ve 5. dakikada 8,8 £
1,2 olarak kaydedilmigtir. Ancak 2 anne (%1,9) kan transfiizyonuna ihtiya¢ duymus ve 5 yenidogan
(%4,7) asfiksiye bagl komplikasyonlar yasamistir.

Sonug: 40 yas Ustii kadinlarda gebelikler, daha yiiksek obstetrik ve neonatal risklerle iligkilidir ve
dikkatli izlem ile bireysellegtiriimis bakim stratejileri gerektirir. Bu bulgular, yiksek dogurganlik
oranlarina ve sinirli saghk hizmeti kaynaklarina sahip bélgelerde anne ve yenidodan sonuglarini

iyilestirmek icin hedefe yonelik miidahalelerin énemini vurgulamaktadir.

Anahtar Sézciikler: Multipar, Gebe , Kan Transfiizyonu, Apgar Skoru, lleri Anne Yasi

INTRODUCTION

The International Federation of Gynecology and
Obstetrics (FIGO) classifies pregnancies in
women aged 35 and older as "advanced
maternal age" and those aged 40 and older as
"very advanced maternal age" to standardize
pregnancy management and treatment protocols
(1). Over the past decade, factors such as
delayed marriage, second marriages, women's
growing societal roles, extended education and
career planning, effective contraception, and
advancements in in vitro fertilization have
contributed to delayed pregnancies (2-4). While
fertility rates have declined in developed and
industrialized cities, they remain considerably
higher in non-industrialized regions where early
marriage is common (5,6). For instance, in 2022,
Sanlurfa, a city in Turkey's southeastern region,
recorded the highest total fertility rate in the
country, averaging 3.59 children per woman. The
province also reported the highest crude birth
rate, with 27.3 births per thousand that year (7).
Pregnancies among women of very advanced
maternal age are notably more frequent in this
region, driven by larger family sizes and elevated
fertility rates. There is a significantly increased
risk of fetal and neonatal complications in
pregnancies of very advanced maternal age
(8,9). Studies have shown that pregnancies in
women of very advanced age are associated with
increased risks of gestational diabetes mellitus
(GDM), hypertension, postpartum hemorrhage,
preterm  birth, placenta previa, placental
abruption, intrauterine growth restriction (IUGR),
low birth weight (SGA), and macrosomia (10-15).

In this study, we aimed to examine the impact of
very advanced maternal age on obstetric
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outcomes in a rural population in southeastern
Turkey, which has the highest fertility rate in the
country. To our knowledge, no prior clinical study
has specifically investigated obstetric outcomes
in very advanced maternal age pregnancies
within a population with such elevated fertility
rates as our study cohort.

MATERIALS AND METHODS

In this retrospective study, pregnant women who
presented for delivery at the Obstetrics and
Gynecology Clinic of a second level state hospital
between March 2020 and July 2021 were
examined. The study included a total of 107
pregnant women aged 40 years or older. The
patients' data were retrospectively reviewed and
recorded from the hospital's digital records
system and patient files. Pregnancies under 40
years of age were excluded from the study.

Obstetric  histories, maternal and neonatal
outcomes, as well as hemogram and biochemical
results, were recorded. This study was approved
by the Ethics Committee of University of Esenyurt
(dated 07.09.2023, No. 2023/08-15).

Statistical Analysis

Statistical analyses were performed using SPSS
27. Descriptive statistics included means and
standard deviations for continuous variables and
frequencies and percentages for -categorical
variables. The Kolmogorov-Smirnov test was
used to assess the normality of the data
distribution. Parametric tests were applied to
normally distributed data, while non-parametric
tests were used for non-normally distributed data.
ANOVA was utilized to evaluate the relationship
between the number of abortions and maternal
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age in the study population. A p-value of <0.05
was considered statistically significant.

RESULTS

In our study, the mean age of the participants
was 41.5 £ 1.8 years. The mean gravida was 6.4
t+ 2.3, the mean parity was 5.2 £ 2.2, and the
mean number of abortions was 0.16 + 0.42. It
was found that 69 women (64.5%) had normal
spontaneous vaginal deliveries, while 38 women
(35.5%) delivered by cesarean section. Among
those who delivered by cesarean section, 12
cases (31.6%) had a history of previous cesarean
as the indication. The indications for cesarean
section and obstetric data are presented in
(Table-1). No significant difference was found
between the number of abortions and maternal
age (p=0.377) (Figure-1).

For pregnancies in women aged 40 and older,
the mean gestational age was 38.7 £ 1.6 weeks,
the mean birth weight was 3282 + 488 grams,
and the mean length was 50.5 + 2.1 cm. The
mean head circumference was 35.0 £ 1.4 cm, the
mean 1-minute Apgar score was 7.7 £ 1.2, and
the mean 5-minute Apgar score was 8.8 + 1.2.
Two women (1.9%) required blood transfusions
due to atony, but no complications were noted in
their newborns. Additionally, 5 women (4.7%)
had newborns with asphyxia-related
complications (Table-2).

The mean hemoglobin level for women aged 40
and older was 12.0 = 1.4 g/dL, the mean
hematocrit was 35.4 + 4.3%, the mean platelet
count was 246 * 61 x1079/L, and the mean
leukocyte count was 11.9 + 3.4 x10"9/L (Table-
3).

Table-1. Distribution of general characteristics of the study.

Variable (n=107) Mean +S.S.
Age 41.58 £ 1.82
Gravida 6.43 £2.30
Parity 529+229
Abortion 0.16 £ 0.42
n %
Delivery type
NSVD 69 64.5
C/s 38 35.5
C/S indication
Foot presentation 1 2.6
Detachment 2 5.3
Old C/s 12 31.6
FD 11 28.8
Unprogressed labor 3 7.9
Cord 2 5.3
Breast 5 13.2
Pre-eclampsia 2 5.3
0,00 o 0,577
‘382

Age

1
Abortion

Figure-1. Relationship between the number of abortions and maternal age in the study population
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Table-2. Distribution of some characteristics of the study

Variable (N=107) Mean £S.S.
Gestational week 38.7+1.6
Weight 3282 + 488
Height 505+21
Head circumference 35014
1st minute Apgar 7.7+1.2
5th minute Apgar 8.8 +1.21

n %
Complication
None 101 94.3
Transfusion (atony) 2 1.9
Preeclampsia 2 1.9
Placental abruption 2 1.9
Neonatal complication
None 102 95.3
Asphyxia 5 4.7

Table-3. Distribution of biochemical characteristics related to the study

Variable (N=107) Mean +S.S.
Hgb 120+ 1.4
Hct 354143
PLT 246 £ 6.7
WBC 11.9+3.2

Abbreviations: Hgb: Hemoglobin, Hct: Hematocrit, PLT: Platelet Count, WBC: White Blood Cell Count

DISCUSSION

Women's increased patrticipation in social and
professional life, along with the availability of
effective contraception, has contributed to
delayed pregnancy planning (16,17). However,
the drivers of advanced-age pregnancies differ
across levels of societal development (18,19). In
industrialized regions, delays are primarily due to
women's active involvement in professional and
social pursuits. In contrast, in non-industrialized
regions, women continue to have children into
advanced ages due to extended fertility periods
and the influence of large family structures
(20,21). Furthermore, the limited access to
modern contraceptive methods for women in
these regions is another contributing factor to
advanced-age pregnancies. Our study cohort
consisted of pregnant women aged 40 and above
from an underdeveloped region in southeastern
Anatolia known for its high birth rates.

In this study, the mean age of participants was
41.5 +1.8 years, with a mean gravida of 6.4 +2.3
and a mean parity of 5.2 +2.2. Similar studies in
literature have reported mean ages of 41.6 +2
(22), 41.3 1.8 (24), and 40.7 %2.4 years (24),
which are consistent with our findings. However,
compared to other studies (22,23), our study
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demonstrated relatively higher gravida and parity
values.

It is well known that increased parity and gravida
at very advanced ages can be associated with
adverse obstetric and perinatal mortality and
morbidity (25). The elevated maternal age,
gravida, and parity observed in our cohort,
compared to other regions of Turkey, can be
attributed to the wunique socio-cultural and
economic dynamics of the region. The region in
question, Sanliurfa, has a relatively weaker
socio-cultural and economic profile compared to
the rest of Turkey (26).

This may impact on family structure, reproductive
motives, and socio-cultural perspectives within
the study cohort, leading to a distinct
demographic profile compared to other regions of
the country

The rate of cesarean delivery increases with
advancing maternal age. Eckner et al. reported a
cesarean delivery rate of 43.1% in women aged
40 and older (27). Akarsu et al. reported a
cesarean delivery rate of 63% in very advanced-
age pregnancies (22). In our study, the cesarean
delivery rate was 35% (38 cases). The lower
cesarean delivery rate in this study, compared to
the literature, may be attributed to a stronger
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preference for larger families, the need for a
quicker return to daily life, and a cultural
inclination toward vaginal delivery in the region.
The most common indication for cesarean
delivery in our study was a prior cesarean section
(31.6%, 12 patients), followed by fetal distress
(28.8%, 11 patients). Other indications included
breech presentation, placental abruption, failure
to progress, cord prolapse, malpresentation, and
preeclampsia.

In the study by Akarsu et al., the most common
indication for cesarean delivery was a prior
cesarean section (35%), followed by fetal distress
(21%) (22). Similarly, another study reported a
prior cesarean as the leading indication (55.3%),
followed by fetal distress (12.1%) (23).

The literature presents conflicting findings on the
relationship between fetal birth weight and
advanced maternal age. Yogev et al. and Hsieh
et al. reported that the number of low-birth-weight
infants increases with advancing maternal age,
while the same trend is not observed for infants
with macrosomia (8,28). Other studies have
reported no statistically significant differences in
low birth weight among different maternal age
groups (23,29). In our study, the mean birth
weight was 3282 + 488 grams, consistent with
the literature (22), indicating that the impact of
pregnancies in women aged 40 and older on birth
weight may be minimal.

Advanced maternal age is associated with
increased perinatal and obstetric complications,
including preeclampsia, preterm birth, placental
attachment  abnormalities, and placental
abruption (1-4). The relatively low incidence of
these complications in our study may be
attributed to the small sample size and the
referral of high-risk and comorbid pregnant
women to tertiary care hospitals. In our study, the
rate of bleeding requiring transfusion was
consistent with the findings reported in the
literature (30). Studies have shown that while
hemogram levels do not significantly differ
between advanced maternal age pregnancies
and other age groups, older mothers tend to
experience greater blood loss and lower
hemogram levels, which has been attributed to
multiparity (31). There was no significant
difference between the 1st and 5th-minute Apgar
scores, aligning with findings in the literature (32).
This suggests that the Apgar score may have a
limited ability to predict perinatal mortality in
pregnancies at very advanced maternal ages
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One of the notable findings of this study is the
increased asphyxia rates associated with
advanced maternal age (4.7%). It is thought that
the physiological and biochemical changes that
occur due to advanced maternal age render the
necessary adaptation mechanisms inadequate
during labour and thus make it difficult to tolerate
the oxygenation and metabolic stress exposed
during labour. This, together with physiological
changes during pregnhancy, may directly affect
fetal oxygenation and the risk of neonatal
asphyxia. It is thought that the limited biological
abilities of the woman may affect the healthy
delivery process and lead to an increase in
complications such as asphyxia. Alsharif et al. In
their study, they found that asphyxia rates
increased significantly as maternal age increased
(33). However, in another study, asphyxia was 2
times more common in the group with advanced
maternal age compared to the reproductive
period, and the risk of asphyxia increased 4 times
(34). In contrast to these studies, Glindogdu et al.
considered maternal age of 35 years and older
as a risk factor for asphyxia, and when the infants
exposed to asphyxia were analyzed, it was
reported that maternal age ranged between 17-
48 years, and the mean age was 27.9+6.6 years.
In this study, no statistically significant
relationship was found between maternal age
and perinatal asphyxia (35). Awoyesuku et al
categorized maternal ages in infants with
asphyxia and found no significant difference
between ages (36).

CONCLUSION

This study is among the important to examine
maternal and neonatal outcomes in pregnancies
at very advanced maternal ages in a
socioeconomically and culturally underdeveloped
region of Turkey. Our findings, including higher
rates of gravida and parity, increased cesarean
delivery rates, and a rise in obstetric
complications, indicate that women in this region
continue to bear children actively throughout their
entire reproductive period and into advanced
ages. However, the most important finding of this
study is the increased rates of asphyxia.
Although normal delivery is more common at very
advanced maternal age, it has been found to
result in a consequence: increased asphyxia
rates. Therefore, pregnancies in women of very
advanced maternal age should be closely
monitored due to the increased maternal and
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Restless leg syndrome in multiple sclerosis: relationship with restless legs
syndrome and fatigue, quality of life, daytime sleepiness, sleep quality and
anxiety-depression

Multipl sklerozda huzursuz bacak sendromu: huzursuz bacak sendromu ile
yorgunluk, yasam kalitesi, gtindiiz uykululugu, uyku kalitesi ve anksiyete-depresyon
arasindaki iligki
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ABSTRACT

Aim: This study aimed to explore the association between Restless Legs Syndrome (RLS) severity
and fatigue, quality of life, daytime sleepiness, sleep quality, and levels of anxiety and depression in
people with multiple sclerosis (MS, pwMS).

Materials and Methods: A total of 73 pwMS were recruited from the MS clinic at Van Yizincu Yil
University. RLS was diagnosed based on the International RLS Study Group. Various scales were
used to assess sleep quality, fatigue, daytime sleepiness, quality of life, and depression and anxiety,
including the Pittsburgh Sleep Quality Index (PSQI), Modified Fatigue Impact Scale (MFIS), Epworth
Sleepiness Scale (ESS), Preference-Based Multiple Sclerosis Index (PBMSI), and the Hospital
Anxiety and Depression Scale (HADS).

Results: RLS was identified in 20 participants (27.40%). Significant differences were observed
between pwMS with and without RLS in terms of subjective sleep quality, sleep disturbances, daytime
dysfunction, sleep latency and habitual sleep efficiency sub-scores of the PSQI, total PSQI score,
physical, cognitive, and total fatigue scores (p<0.05). RLS severity showed a moderate positive
correlation with MFIS-physical (r=0.535), MFIS-total (r=0.494), and PSQI-total scores (r=0.492).
Conclusion: This study sheds light on the relationships between RLS severity and factors such as
sleep quality and fatigue in pwMS.

Keywords: Multiple sclerosis, Restless leg syndrome, Sleep disorders, Quality of life

0z

Amag: Bu calisma, multipl sklerozlu (MS) bireylerde huzursuz bacaklar sendromu (HBS) siddeti ile
yorgunluk, yasam kalitesi, giindiz uykululuk, uyku kalitesi ve anksiyete-depresyon seviyeleri
arasindaki iliskiyi incelemeyi amaglamaktadir.

Gereg ve Yéntem: Van Yiiziincii Yil Universitesi MS kliniginden toplam 73 MS'li birey ¢alismaya dahil

edildi. HBS tanisi, Uluslararasi HBS Calisma Grubu tarafindan belirlenen kriterler esas alinarak
konuldu.
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Uyku kalitesi, yorgunluk, glindiiz uykululugu, yasam kalitesi, depresyon ve anksiyete diizeylerini
degerlendirmek igin Pittsburgh Uyku Kalitesi Indeksi (PUKI), Modifiye Yorgunluk Etki Olgegi (MYEO),
Epworth Uykululuk Olgegi (EUQ), Tercihe Dayali Multiple Skleroz indeksi (TDMSI) ve Hastane
Anksiyete ve Depresyon Olgegi (HADO) gibi gesitli éigekler kullanild.

Bulgular: HBS, 20 katilimcida (%27,40) tespit edildi. HBS'li ve HBS'siz MS'li bireyler arasinda fiziksel,
bilissel ve toplam yorgunluk skorlari ile uyku kalitesi degerlendirmesinin subjektif uyku kalitesi, uyku
bozukluklari, glindiiz islev bozuklugu, uykuya dalma siiresi, efektif uyku aliskanligi alt skorlari ve total
PUKI skoru agisindan anlamii farkliliklar bulundu (p<0,05). HBS siddeti, MYEO-fiziksel (r=0.535),
MYEO-toplam (r=0.494) ve PUKI-toplam skorlari ile orta derecede pozitif korelasyon gdsterdi

(r=0.492).

Sonug: Bu calisma, HBS siddeti ile uyku kalitesi, yorgunluk ve genel yasam Kalitesi arasindaki iliskiler

hakkinda yeni bilgiler sunmaktadir.

Anahtar Sézclikler: Multipl skleroz, Huzursuz bacak sendromu, Uyku bozukluklari, Yasam kalitesi

INTRODUCTION

Multiple Sclerosis (MS) is a chronic, progressive
disease that affects the nervous system by
causing demyelination, impacting over 2.5 million
individuals worldwide. It primarily affects young
adults between 20 and 40 years old, with a
higher incidence in women(1) . Although precise
data on the prevalence of MS in Turkey is
lacking, estimates place it at roughly 96.4 per
100,000 (2). Recent epidemiological studies have
noted a rising trend in both the incidence and
prevalence of MS (3).

Restless Legs Syndrome (RLS), a sleep disorder,
is characterized by uncontrollable, unpleasant
sensations in the legs, typically worsening during
rest or inactivity, accompanied by a strong urge
to move the affected limbs. Meta-analyses have
shown that the prevalence of RLS among people
with MS (pwMS) ranges from 13.2% to 65.1%
(4), and case-control studies reveal that pwMS
have a 5.6-fold higher likelihood of developing
RLS than the general population (5). Among
pwMS, high disability levels and the presence of
cervical cord lesions are notable risk factors for
RLS (6).

In the general population, RLS tends to be more
prevalent in women, older adults, and individuals
with a family history of the condition. However, no
conclusive evidence shows that this pattern holds
in pwMS (7). While some research has found a
link between MS duration and the presence of
RLS (8,9), other studies have not confirmed this
relationship (10,11). Cederberg et al. explored
the association between RLS in pwMS and
health-related quality of life (HRQoL), finding that
those with RLS had lower physical and
psychological HRQoL scores compared to pwMS
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without RLS (12). Additionally, MS patients with
RLS were found to experience more severe
fatigue and more frequent anxiety symptoms. A
moderate negative correlation was found
between RLS severity and HRQoL, though this
relationship weakened when factors such as
fatigue, depression, and anxiety were considered
(12).

The findings suggest that symptoms such as
fatigue, depression, and anxiety can mediate the
link between HRQoL and RLS severity. The
study also highlighted the potential importance of
anxiety in understanding the relationship between
HRQoL and RLS severity, although the exact
pathological connection between RLS and
anxiety remains unclear. The possible
explanation is that anxiety and RLS share several
common features, such as muscle tension,

restlessness, irritability, fatigue, sleep
disturbances, and difficulty concentrating.
Consequently, the uncontrollable and

unpredictable nature of RLS symptoms may
exacerbate anxiety, further diminishing the quality
of life in pwMS (12).

While it is well established that RLS is more
common in pwMS than in the general population,
the precise relationship between RLS severity
and other frequently occurring MS-related
issues—such as fatigue, HRQoL, daytime
sleepiness, sleep quality, and levels of anxiety
and depression—remains unclear. This study
aims to identify the factors related to RLS in
pwMS, with the goal of informing effective
treatment strategies to address this common
symptom.
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MATERIALS AND METHODS
Study Design

This research which has cross-sectional study
design involved pwMS who voluntarily participate
while attending their routine check-ups at the
Neurology Department's MS Clinic of Van
Yuzuncu Yil University Medical Faculty Hospital.
Ethic approval was received from Van YUlzincu
Yl University Noninvasive Research Ethics
Committee dated 24.06.2024 with approval
number 2024/07-04.

Participants

In a previous study evaluating sleep quality
among MS patients with and without RLS, the
effect size between the two groups was
calculated to be 0.57. Based on the prevalence of
RLS in the MS population, the rate of pwMS with
and without RLS was determined to be 1/3. Using
the G*Power software (version 3.1), it was
determined that a minimum of 72 patients (pwMS
with RLS: 18, pwMS without RLS: 54) is needed
to achieve a power of 85% and an error
probability of 0.05.

Inclusion criteria have a definitive diagnosis of
MS, aged between 18-65 years, no recent
relapse within the last 3 months, willing to
participate in the study. Also, pwMS having
severe musculoskeletal, cardiovascular,
pulmonary, metabolic, or any other conditions
that would prevent participation, conditions
known to be associated with RLS, such as
anemia, rheumatoid arthritis, pregnancy,
neuropathies, uremia, or neurological disorders
other than MS, severe cognitive impairment as
determined by a physician that would prevent the
completion of tests, pregnancy are excluded from
the study.

Outcomes
Demographic Data

Information such as age, gender, and clinical
data (type of MS, EDSS score, year of MS
diagnosis, duration, date of the last relapse,
medications used by the participants) have been
collected.

Expanded Disability Status Scale (EDSS) is a
widely accepted tool for evaluating and tracking
the level of neurological impairment in MS
patients, based on clinical neurological
assessments and ambulation abilities. The scale
ranges from O, indicating a normal neurological
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examination, to 10.0, which signifies death
caused by MS. Scores between 1.0 and 4.5
represent full ambulation, while scores from 5.0
to 9.5 indicate various degrees of mobility
limitations. Scores of 7.0 or higher reflect
dependency on a wheelchair or bed. The EDSS
evaluates several functional systems, including
the pyramidal, cerebellar, cerebral, sensory,
brainstem, visual, bladder, and bowel functions
(13).

Criteria for Restless Legs Syndrome (RLS)
Diagnosis was initially established by the RLS
Study Group in 1995 and have since been
revised in 2003 and 2014 (14). Diagnosis is
based on the presence of an urge to move the
legs due to uncomfortable sensations, symptoms
beginning or worsening during rest, relief with
movement, and a pattern of symptoms that
worsens in the evening or night. Patients meeting
all these criteria are diagnosed with RLS by a
neurologist.

The International Restless Legs Syndrome Study
Group Rating Scale (IRLS): Symptom severity
among RLS patients can vary widely, with some
experiencing mild symptoms that are alleviated
by movement, while others suffer from more
severe issues that affect sleep and daily life. To
measure the severity of RLS symptoms, the
International RLS Study Group developed a scale
in 2002. The Turkish version, validated by Ay et
al. in 2019 (15). This scale consists of 10
questions, each rated from 0 to 4 (16).

The Epworth Sleepiness Scale (ESS) is used to
evaluate daytime sleepiness. It comprises eight
questions that ask the patient to rate the
likelihood of dozing off in different situations
during a typical day. Responses are scored from
0 to 3, and a total score of 10 or higher indicates
excessive daytime sleepiness (17). The Turkish
version of the scale has been validated as
reliable (18).

The Modified Fatigue Impact Scale (MFIS) is
commonly used to assess the impact of fatigue. It
contains 21 questions that measure the physical,
cognitive, and social side of fatigue. Lower
scores reflect less fatigue [18]. The Turkish
version has been validated, confirming that it is
suitable for Turkish MS patients (19).

Buysse et al. developed the Pittsburgh Sleep
Quality Index (PSQI). In 1996, Agargin et al.
adapted it into Turkish and made it a self-report
tool for assessing sleep quality and disturbances.
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The 19-item questionnaire is divided into seven
components, each scoring between 0 and 3,
providing a total score between 0 and 21 (20,21).

The Hospital Anxiety and Depression Scale
(HADS) is used to assess levels of anxiety and
depression in participants. It consists of 14 items
each scored on a 4-point Likert scale from 0 to 3.
The higher scores indicate more severe
symptoms (22). The Turkish version, validated by
Aydemir et al. in 1997, has been proven to be a
reliable scale for assessing anxiety and
depression in MS patients (23).

Preference-Based Multiple Sclerosis  Index
(PBMSI) focuses on five domains: walking,
concentration, fatigue, roles/responsibilities, and
mood. Each domain offers three response
options, with values ranging from 0, meaning the
worst health state, to 1, meaning the best (24).
The Turkish version of the PBMSI has been
validated for reliability by Kahraman et al. (25).

Data Analysis

The data have been analyzed using IBM SPSS
Statistics (Version 25.0, Armonk, NY: IBM Corp.).
The normality of the data distribution has been
checked using the Kolmogorov-Smirnov test and
histograms. The median and interquartile ranges
were used to present continuous variables. For
categorical variables, frequency and percentage
values were provided. The Mann-Whitney U test
compared clinical and demographic factors and
patient-reported outcomes between the groups
(RLS positive and RLS negative participants).
Effect sizes (ES) were calculated as Cohen's d
for between-group comparisons. These effect
sizes were interpreted as small (0.2), medium
(0.5), and large (0.8) (26). The relationship
between RLS severity and other variables in
RLS-positive groups has been evaluated using
Spearman correlation coefficients. Correlation
has been considered small if <0.30, moderate if
between 0.31 and 0.59, and strong if 20.60 (27).
Statistical significance has been set at p<0.05.

RESULTS

A total of 73 pwMS, 20 with RLS and 53 without
RLS, were included in the study. The distribution
of the pwMS with RLS according to RLS severity
assessed with IRLS was as follows: 3
participants had very severe, 4 participants had
severe, and 13 participants had moderate RLS
symptoms. The mean RLS severity was
19.95+7.0 (min/max: 12/35). There were no
significant differences between RLS-positive and
RLS-negative pwMS in terms of age, gender,
EDSS score, disease duration of MS, number of
relapses, and the MS type (p>0.05). (Table-1)

provides comprehensive details on the
participants’ demographic and clinical
characteristics.

There was a significant difference between RLS-
positive and negative pwMS regarding perceived
physical, cognitive and total fatigue scores, and
sleep latency and habitual sleep efficiency sub-
scores of the sleep quality questionnaire with a
medium effect size (p<0.05). Also, a significant
difference was determined in subjective sleep
quality, sleep disturbances, daytime dysfunction
and total score of PSQI with a large effect size
(p<0.05). There were no significant differences
between groups in quality of life, psychosocial
parameters of the fatigue scale, depression and
anxiety level, and sleep duration sub-score of the
sleep quality assessment (p>0.05). The detailed
information is presented in (Table-2).

There was a moderately positive correlation
between RLS severity, physical and total fatigue
scores, and total sleep quality score (p<0.05).
Conversely, there was no significant correlation
between RLS severity and EDSS score, disease
duration of MS, number of relapses, cognitive
and psychosocial sub-scores of MFIS, quality of
life, daytime sleepiness, and depression and
anxiety level (p>0.05). The correlation
coefficients are presented in (Table-3).

Table 1. Demographic and clinical characteristics of the participants

p
PwMS with RLS (n=20) PwMS without RLS (n=53)
Age (years) 33.0 (25.75; 44.25) 29.0 (24.0; 35.0) 0.109
Min/max: 22/59 Min/max: 18/58
Gender, n (%)
Female 16 (80.0%) 38 (71.7%) 0.471
Male 4 (20.0%) 15 (28.3%)
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EDSS score

Disease duration of MS (years)

Number of relapses

MS type, n (%)
RRMS
PPMS

1.25 (0; 2.0)
Min/max: 0/3.5
8.0 (5.0; 13.0)
Min/max: 1/29
3.0 (2.0; 4.0)
Min/max: 1/11

20 (100%)
0 (0%)

1.0 (0; 2.0)

6.0 (2.25; 9.0)
Min/max: 0/19
2.0(1.25; 4.0)
Min/max: 1/10

51 (96.2%)
2 (3.8%)

0.947

0.052

0.481

0.378

EDSS: Expanded Disability Status Scale, MS: Multiple sclerosis, RRMS: Relapsing Remitting MS, PPMS: Primary

Progressive MS

Data are expressed as median and interquartile range (IQR)

Table-2. Comparison of patient-reported outcome measures between RLS-positive and RLS-negative pwMS

PwMS with RLS PwMS without RLS Cohen’s d p
(n=20) (n=53)
PBMSI 0.50 (0.38; 0.86) 0.68 (0.54; 0.89) 0.33 0.075
Min/max: 0.07/1 Min/max: 0.20/1
MFIS-Physical 19.0 (10.50; 25.75) 11.0 (5.0; 18.0) 0.67 0.010
Min/max: 1/32 Min/max: 0/35
MFIS-Cognitive 20.0 (13.25; 30.75) 11.0 (4.5; 22.5) 0.71 0.007
Min/max: 4/36 Min/max: 0/38
MFIS-Psychosocial 4.0 (0.25; 6.0) 1.0 (0; 4.0) Min/max: 0.41 0.124
Min/max: 0/8 0/8
MFIS-Total 49.0 (24.75; 58.0) 26.0 (10.5; 37.0) 0.72 0.006
Min/max: 11/76 Min/max: 0/77
PSQI- subjective sleep 2.0 (1.0; 2.0) 1.0 (1.0; 1.0) 1.03 <0.001
quality Min/max: 0/3 Min/max: 0/3
PSQI- sleep latency 2.0 (0.25; 3.0) 1.0 (0; 2.0) Min/max: 0.64 0.023
Min/max: 0/3 0/3
PSQI- sleep duration 0 (0; 2.0) 0 (0; 1.0) 0.33 0.278
Min/max: 0/3 Min/max: 0/3
PSQI-habitual sleep 0 (0; 1.75) 0(0;0) 0.58 0.027
efficiency Min/max: 0/3 Min/max: 0/3
PSQI- sleep disturbances 2.0 (1.0; 2.0) 1.0 (1.0; 1.0) 0.93 0.001
Min/max: 0/3 Min/max: 0/2
PSQI- use of sleeping 0 (0; 0) 0 (0; 0) NA 0.004
medication Min/max: 0/3 Min/max: 0/0
PSQI- daytime dysfunction 1.0 (0; 2.0) 0 (0; 0.5) 0.81 0.002
Min/max: 0/3 Min/max: 0/3
PSQI-total score 8.5 (3.25; 11.75) 3.0 (2.0; 6.0) 0.98 0.001
Min/max: 1/20 Min/max: 0/12
ESS 3.5 (1.25; 5.75) 3.0(0.5; 7.5) 0.01 0.717
Min/max: 0/15 Min/max: 0/18
HADS-D 7.0 (1.5; 12.75) 7.0 (4.0; 9.5) 0.14 0.531
Min/max: 0/14 Min/max: 0/18
HADS-A 7.0 (4.25; 12.75) 6.0 (3.0; 9.5) 0.24 0.359

Min/max: 0/19

Min/max: 0/20

PBMSI: Preference-Based Multiple Sclerosis Index, MFIS: Modified Fatigue Impact Scale, PSQI: Pittsburgh Sleep
Quality Index, ESS: Epworth Sleepiness Scale, HADS-D: Hospital Anxiety and Depression Scale-Depression,

HADS-A: Hospital Anxiety and Depression Scale-Anxiety, RLS: Restless Legs Syndrome, MS: Multiple Sclerosis.
Data are expressed as median and interquartile range (IQR)
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Table-3. Correlation coefficients between the RLS-severity and patient-reported outcomes measurements and

characteristics of MS

Variables 1 2 3 4 5

1. RLS severity 1

2. Disease duration -0.040 1

3. EDSS 0.244 0.552* 1

4. Number of relapses 0.002 0.266 0.133 1

5. MFIS-Physical 0.535* -0.122 0.185 -0.013 1

6. MFIS-Cognitive 0.384 0.122 0.154 0.091 0.760**

7. MFIS-Psychosocial 0.439 0.158 0.227 -0.095 0.758**

0.612** 1

8. MFIS-Total 0.494* -0.015 0.168 0.001 0.926**

0.926** 0.747** 1

9. PBMSI -0.307 0.140 -0.109 -0.287

-0.783**

-0.749* -0.727* -0.814* 1

10. ESS 0.254 -0.014 0.134 -.039 0.478*

0.620** 0.664** 0.630** -0.668** 1

11. PSQI-total 0.492* -0.006 0.185 0.064 0.817**

0.734** 0.698** 0.794** -0.730** 0.281 1

12. HADS-D 0.182 0.232 0.131 -0.081 0.658**

0.692** 0.771* 0.671** -0.613** 0.650** 0.547* 1

13. HADS-A 0.346 0.025 0.112 -0.270 0.675

0.432 0.716** 0.594** -0.456** 0.604** 0.439 0.748** 1

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

EDSS: Expanded Disability Status Scale, PBMSI: Preference-Based Multiple Sclerosis Index, MFIS: Modified
Fatigue Impact Scale, PSQI: Pittsburgh Sleep Quality Index, ESS: Epworth Sleepiness Scale, RLS: Restless

Legs Syndrome, MS: Multiple Sclerosis

DISCUSSION

This study provides important insights. Firstly,
RLS-positive pwMS have worse sleep quality and
fatigue levels than RLS-negative pwMS. Also,
RLS severity is correlated with physical and
general fatigue and sleep quality. On the other
hand, RLS severity is not related to
characteristics of MS such as disability level,
disease duration, and number of relapses.

According to a meta-analysis conducted on RLS
in MS, there are controversial results regarding
the comparison of pwMS with and without RLS in
terms of demographic and clinical characteristics
such as EDSS score (17 studies), disease
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duration (16 studies), MS types (11 studies), age
(17 studies), and gender (17 studies). As a result,
the rate of studies finding the relationship
between RLS and demographic and clinical
characteristics of pwMS was as follows: 52.9%
for EDSS score, 18.8% for disease duration,
27.3% for MS types, 35.3% for age, and 18.8%
for gender (4). Our study showed no significant
differences between pwMS with and without RLS
regarding EDSS score, disease duration, MS
types, age, and gender. Even though there is a
pattern for the presentation of RLS in the general
population, the results are conflicted in MS. The
reason for the conflicted results could be MS,
which is a heterogeneous disease whose
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presentation is changed from patient to patient.
Also, studies use different assessment methods
to diagnose RLS and evaluate RLS severity.

Cederberg et al. examined the relationship
between RLS severity, and the common
symptoms observed in MS. The study included a
total of 275 pwMS; 74 (26.9%) were RLS-
positive. When comparing RLS-positive MS
individuals with RLS-negative ones, the RLS-
positive group reported poorer physical and
psychological health-related quality of life, higher
perceived fatigue levels, and more anxiety
symptoms. In the RLS-positive group, the
severity of RLS was found to be associated with
the physical and psychological sub-parameters of
health-related quality of life, sleep quality,
perceived fatigue, depression, and anxiety (12).
Similarly, we found a significant difference
between groups regarding sleep quality and
fatigue. Also, there is a positive correlation
between RLS severity and sleep quality.
However, the groups showed parallel results in
quality of life, depression, and anxiety levels in
our study. This difference between studies could
arise from participants with different disability
levels. The average Patient Determined Disease
Steps score was 3.5 in the Cederberg study (12),
while the mean EDSS score was 1.24 in our
study. The quality of life, depression, and anxiety
levels could be worsened with disability level, and
the presence of RLS is one of the factors
affecting the deterioration at this point. Also,
Sevim et al. conducted a nationwide, multicenter,
cross-sectional study that assessed 1,068 MS
patients using the Hamilton Anxiety and
Depression Scales. Their results showed that
patients with RLS had significantly higher anxiety
and depression scores than those without.
However, the percentage of secondary
progressive MS, which is related to higher levels
of anxiety and depression level compared to the
other MS types (28), was higher than in our
study.

Cederberg et al. investigated the relationship
between physical function and RLS
symptomology, such as presence, severity and
frequency. They evaluated 22 pwMS with RLS
and showed that physical function decreased as
the severity of RLS increased (29). In another
study, they enrolled 275 pwMS and divided them
into two groups: pwMS with RLS (n=74) and
without RLS (n=201). The authors assessed how
cognitive functions are affected by the presence
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and severity of RLS. The results revealed that
pwMS with RLS have worse cognitive functions
and increased RLS severity than without RLS,
which is corelated to worse sleep quality and
cognitive performance (29). In our study, even
though we did not assess the physical and
cognitive functions of the participants, we
determined that pwMS with RLS have worse
perceived physical and cognitive fatigue than
pwMS without RLS. We hypothesize that the
presence and severity of RLS causes worse
sleep quality. The worse sleep quality beats a
decline in cognitive and physical functions.

This study has both limitations and strengths.
One limitation is that the participants' disability
level was low, and most participants have
relapsing-remitting MS, which may affect the
generalizability of the findings. However, this is
also a strength, as it reduces the potential
confounding effects of other symptoms that may
occur in individuals with higher levels of disability
associated with MS. We did not assess the use
of medication for restless legs syndrome (RLS)
symptoms, which may have influenced the
outcomes. Besides, we did not use objective
sleep measurements. Although  objective
methods were not used, all selected assessment
methods are valid, reliable, and have high
psychometric properties in MS.

CONCLUSION

This study offers new insights into the
connections between RLS severity, total sleep
quality, physical component score, and total
fatigue score in pwMS. Also, the total and most
sub scores of the sleep quality and the fatigue
scores (except psychosocial) showed the
difference between pwMS with and without RLS.
The findings suggest a potential approach to
mitigating sleep quality and fatigue declines by
addressing RLS. Understanding the intermediary
factors linking RLS with sleep disturbances and
fatigue in MS could provide important guidance
for interventions.
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Evaluation of perioperative coagulation in patients undergoing brain and spine
surgery

Beyin ve omurga cerrahisi geciren hastalarda perioperatif koagilasyonun
degerlendirilmesi

Alev Atalay Abdurrahim Derbent Mustafa Nuri Deniz Sezgin Ulukaya

Sacittin Taner Balcioglu

Ege University, Faculty of Medicine, Department of Anesthesiology and Reanimation, izmir, Tirkiye

ABSTRACT

Aim: Conditions during brain and spine surgery, such as trauma, surgery, general anesthesia, fluid
infusions, hypothermia, and patient inactivity, may lead to coagulation disorders, increasing the risk of
bleeding or thrombosis. This study aimed to evaluate the relationship between thromboelastography
(TEG), coagulation, and perioperative transfusion.

Materials and Methods: In 2012, 58 adult ASA I-Ill patients undergoing brain and spine surgery were
prospectively included after obtaining ethics committee approval and patient consent. Patients with
coagulopathy or anticoagulants were excluded. Fluid requirements were managed with balanced
crystalloids, and selected patients were randomly administered 6% hydroxyethyl starch or 4% gelatin
solutions. Coagulation was monitored preoperatively, at the end of surgery, and 24 hours
postoperatively using TEG and standard coagulation parameters.

Results: The mean age of the patients was 46.7 years, the mean BMI was 27.7, and 62.1% were
female. Eleven patients (18.9%) required an average of 6.1 (+4.1) mL/kg erythrocyte transfusion.
Transfused patients had longer operative times (p=0.022), anesthesia durations (p=0.014), total fluid
requirements (p<0.001), and crystalloid infusions (p=0.039). TEG data revealed no coagulation
abnormalities causing clinical bleeding. However, postoperative Maximum Amplitude (MA) significantly
increased in both groups. MA showed a positive correlation with age (r=0.27, p=0.039) and crystalloid
volume (r=0.29, p=0.027), and a negative correlation with the lowest temperature (r=-0.28, p=0.029).
Coagulation Index (Cl) was positively correlated with preoperative fibrinogen levels (r=0.28, p=0.045).
Conclusion: TEG analysis showed similar coagulation profiles in transfused and non-transfused
patients. Before drawing general conclusions about perioperative coagulation, these findings should
be compared with studies using restrictive transfusion protocols.

Keywords: Coagulation, thromboelastography, neurosurgery, transfusion

oz

Amag: Beyin ve omurga cerrahisi sirasinda travma, cerrahi, genel anestezi, sivi infiizyonlari,
hipotermi ve hastanin hareketsizligi koagiilasyon bozukluklarina yol acarak kanama veya tromboz riski
olusturabilir. Bu ¢alismada, tromboelastografi (TEG) kullanilarak koagllasyon, perioperatif kanama ve
transflizyon arasindaki iligki degerlendirildi.

Gereg ve Yoéntem: Etik kurul onayi ve hasta onami alindiktan sonra, 2012 yilinda beyin ve omurga
cerrahisi gegiren 58 yetiskin ASA I-Ill hasta prospektif olarak ¢alismaya dahil edildi. Koagdlopatisi
veya antikoaglilan kullanan hastalar diglandi. Sivi ihtiyaci dengeli kristalloidlerle karsilandi; rastgele
secilen hastalarda %6 hidroksietil-starch veya %4 jelatin soltisyonlari kullanild.
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Koagtilasyon, cerrahi éncesinde, sonunda ve 24 saat sonrasinda TEG ve standart koaglilasyon
parametreleri ile takip edildi.

Bulgular: Hastalarin yas ortalamasi 46,7, BMI ortalamasi 27,7 olup %62,1°’i kadindi. Transflizyon
gerektiren 11 hastaya ortalama 6,1 (x4,1) mlL/kg eritrosit verildi. Bu hastalarda operasyon siiresi
(p=0,022), anestezi stiresi (p=0,014), toplam sivi (p<0,001) ve kristaloit inflizyon miktari (p=0,039)
daha fazlaydi. TEG verilerine gére klinik kanamaya yol agacak koaglilasyon anormalligi saptanmadi.
Ancak, her ki grupta da postoperatif Maksimum Amplitid (MA) anlamli sekilde artti.
MA, yas (r=0,27, p=0,039) ve kristaloit miktarr (r=0,29, p=0,027) ile pozitif; en diisiik sicaklik degeri ile
negatif (r=-0,28, p=0,029) korelasyon gésterdi. Ayrica Koagiilasyon indeksi (Cl) preoperatif fibrinojen
seviyesi ile pozitif korelasyon gésterdi (r=0,28, p=0,045).

Sonug¢ TEG analizleri, transflizyon yapilan ve yapilmayan hastalarda koagdlasyon profillerinin benzer
oldugunu ortaya koydu. Perioperatif koagliilasyon stirecine iliskin genel kararlar vermeden énce,
sonuglarimizin restriktif transfiizyon rejimleri uygulanan calismalarla kargilastiriimasi gerekmektedir.

Anahtar Sézciikler: Koaglilasyon, nérosirurji, transflizyon, tromboelastografi

INTRODUCTION

Blood transfusion is a common occurrence during
spinal surgery—prior studies have shown that
anywhere from 6% to 32% of patients undergoing
spine surgery require perioperative transfusion.
Transfusion requirements for spine surgery
patients vary depending on preoperative patient
characteristics and surgical parameters (1). The
decision to perform a transfusion is primarily
influenced by factors such as the patient’s age,
preoperative hemoglobin levels, the length of
surgery, and the surgeon’s experience and
preferences or factors like hypothermia and fluid
infusions (2-6). Blood transfusion during
neurosurgery is a typical procedure used to
restore blood loss and maintain proper blood
pressure and oxygenation of the patient.
However, there is a strong relationship between
perioperative blood transfusion and worsened
outcomes following spine surgery. The authors
reviewed that the main indicators for blood
transfusions during intracranial meningioma
surgery were blood loss and preoperative
anemia. Perioperative hemostatic abnormalities
can lead to either hemorrhagic or thrombotic
complications. Neurosurgical patients are known
to be particularly exposed to thromboembolic
events, infection and longer hospital stays (1,7).
Therefore, distinguishing bleeding due to surgery
or coagulation disorders in the perioperative
period and recognizing dynamic changes in
hemostasis are necessary for safe patient
management (4).

Nowadays, thromboelastography (TEG) has
become widespread as a very useful and
important method in understanding whether
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perioperative bleeding is caused by coagulation
disorder (8,9). In this study, we aimed to
evaluate coagulation using TEG in patients
undergoing brain and spine surgery with and
without transfusion.

MATERIALS AND METHODS
Patient Selection

After the approval of the ethics committee
(decision number 11-12/3 dated 18.01.2012) in
our prospective, double-blind study, it was
decided to include patients between the ages of
18 and 65 who underwent elective brain or spine
surgery in the operating room of the Department
of Brain and Nerve Surgery within 6 months, who
were ASA (The American Society of
Anesthesiologists) score I-11l, did not have heart,
kidney or liver failure, did not have hemorrhagic
diathesis, did not have coagulation disorders and
were not receiving anticoagulant treatment.
During this period, 75 patients were reached.
Twelve patients were excluded from the study
due to exclusion criteria and 5 patients were not
included in the study due to incomplete data.
Fifty-eight volunteer patients who met the criteria
were accepted into the study. Written consent
was obtained from patients (or their legal
guardians) stating that their medical data could
be published.

Anesthesia Management

In the preoperative period, demographic data of
patients (age, gender, weight, height, ASA score,
preoperative laboratory data [hemoglobin,
hematocrit (Hct), platelet count, fibrinogen level,
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prothrombin time, INR and activated partial
thromboplastin level]) were recorded.

All patients received inhalation based general
anesthesia in combination with opioid and non-
depolarizing neuromuscular blockers, with
standard ASA monitoring and tracheal intubation.
Blood pressure drops were occasionally
intervened by titrating ephedrine or noradrenaline
to keep the MAP at 65 mmHg and above. Total
fluid replacement was performed according to the
4:2:1 rule. Intravenous fluids were determined as
balanced crystalloids (Isolyte S®, Eczacibasi,
istanbul, Tarkiye), 6% hydroxyethyl
starch 130/0.4 (Voluven®, Fresenius Co, Bad,
Hamburg, Germany) and 4% succinylated gelatin
(Gelofusin®, B.Braun Co, Melsungen, Germany).
Anesthetic drug dose changes according to the
depth of anesthesia and the type and dose
selection of intravenous fluids were left to the
experience and interpretation of the experienced
anesthesiologistt Red Blood Cell (RBC)
transfusion was aimed at patients with a
hematocrit level below 30% or with 1000 mL or
more bleeding during intraoperative period. The
Gross Formula was used to calculate the amount
of intraoperative bleeding (10).

Viess= BV x (Ho - Hf) Hav

Viess (ML) represents the patient's calculated
blood loss, while the patient's total blood volume
BV (mL) is determined using the Nadler formula.
Ho refers to the patient's preoperative hematocrit
value, Ht¢ denotes the postoperative Hct value,
and Hav is the average of the preoperative and
postoperative Hct values.

All patients were extubated in the operating room
at the end of the operation. Intraoperative data

RESULTS

Demographic and intraoperative characteristics
of patients are shown in (Table-1). The mean age
of the patients in the study was 46.8, BMI was
28, the female ratio was 62.1%, and the
operation time was 128 minutes. Intraoperative
hypothermia (minimum 34.5 °C) was observed in
77.6% of the patients (45 patients). Eleven (19%)
patients required a mean of 6.1 (+ 4.1) mL/kg
erythrocyte transfusion. Comparing the
characteristics of patients with and without
transfusion (Table-2). Preoperative Hb (p=0.002),
Htc (p=0.003) were lower in the transfused
group. Total bleeding was 4.7 £+ 3.6 mL/kg in
those who were not transfused and 10.4 = 6.2
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including surgical site (brain, spine]) lowest body
temperature, lowest hematocrit, total bleeding
amount, total fluid volume administered, total
crystalloid and colloid volumes, colloid type,
blood product transfusion, anesthesia and
operation duration were recorded at the end of
the operation. Below 36°C was considered
hypothermia.

The patient's coagulation course was evaluated
with TEG-Haemoscope 5000
(Thromboelastograph® 5000 coagulation
analyser “Haemoscope”, Niles, lllinois, USA) by a
physician who was unaware of the simultaneous
patients’ clinical course and applications. Blood
samples were taken in three periods
(preoperative, postoperative 15t and 24th hours)
to determine for TEG variables as R (reaction
time), K (coagulation time), a (a angle), MA
(maximum amplitude), Ly30 (lysis rate) and CI
(coagulation index).

In this study, we aimed to evaluate coagulation
changes and their relationship with transfusion
using thromboelastography (TEG) in patients
undergoing cranial and spinal surgery.

Statistical Analysis

Data was evaluated with the SPSS 21.0 program.
Mean, standard deviation, ratio, frequency values
were used in descriptive statistics of the data.
The distribution of variables was checked with
the Kolmogorov-Simirnov test. Independent
sample t-test and Mann-Whitney U test were
used in quantitative data analysis. Paired sample
t-test and Wilcoxon test were used in repeated
measurements. Pearson and Spearman’s
correlation analysis identified the associations
between the variables.

mL/kg in those who were transfused (p<0.001).
The lowest hematocrit was 27.4 £ 1.9 % in
patients with transfusion and 39.8 £ 4 % in those
without (p<0.001). The duration of operation
(p=0.022), duration of anesthesia (p=0.014), total

fluid (p<0.001) and total crystalloid infusion
(p=0.039) were higher in patients with
transfusion. No coagulation-related blood

products were administered to any patient. All
patients were extubated in the operating room.

TEG data of patients who received and did not
receive erythrocyte transfusion are shown in
Table-3. According to these data, no coagulation
abnormality that would lead to clinical bleeding
was detected. A significant increase was found
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only in postoperative MA in both transfused and
non-transfused patients.

The relationship between the changes in TEG
parameters and perioperative variables is given
in Table-4 and Table 5. According to the
postoperative TEG data, MA was significantly
positively correlated with age and the amount of
crystalloid administered (r=0.27, p=0.039 and
r=0.29, p=0.027); and negatively correlated with
the lowest temperature value (r=-0.28, p=0.029).
A significant positive relationship was also found

Table-1. Demographic and intraoperative data

between Cl and preoperative fibrinogen levels
during this period (r=0.28, p=0.045) (Table-4).

According to the postoperative 24th hour TEG
data, R time was negatively correlated with
preoperative fibrinogen (r=-0.27, p=0.046); MA
was positively correlated with aPTZ (r=0.28,
p=0.041); ClI was found to be positively
correlated with age and fibrinogen level (r=0.27,
p=0.043 and r=0.28, p=0.045) (Table-5).

Median (Min-max) Mean #SD N /%

Age (year) 50 (18-65) 46.8 + 13.3

Gender Male 22 37.9%
Female 36 62.1%

Weight (kg) 80 (41-110) 78 £15

Height (cm) 165 (150-191) 168 £ 11

BMI 27.28 (17.06-39.06) 28+5

Baseline Hemoglobin (g/dL) 13.5 (11-18) 13.4+1.6

Baseline Hematocrit (%) 39.95 (33-51) 40.3+4.2

Baseline Platelet count (/10-3) 246500 (104000- 260362 + 69727

401000)

Baseline PT (sec) 11.6 (10-14) 11.6+0.7

Baseline APTT (sec) 25.4 (18.3-31.0) 254+24

Baseline INR 1(0.9-1.2) 0.98 + 0.07

Fibrinogen (mg/dL) 305.5 (158-577) 327 £102

Lowest temperature (°C) 35.6 (34.5-36.5) 356+ 0.4

Lowest Intraoperative Hematocrit 35 (23-49) 35.1+ 5.3

value (%)

Total amount of bleeding (ml/kg) 4.29 (0.66-22.0) 58+4.7

Total fluid volume (mL/kg) 22.41 (11-68) 249+11.7

Amount of crystalloid (mL/kg) 18.97 (10-40) 20+7.3

Amount of colloid (mL/kg) 3.685 (0-14) 3.8+4.2

Red Blood Cell (mL/kg) 0 (0-17) 1.15+£2.95

Anesthesia duration (min) 160 (65-330) 160 £ 70

Operation duration (min) 125 (45-265) 128 £ 63

ASA score I 28 48.3%
I 30 51.7%

Surgery area Brain 29 50.0%
Spine 29 50.0%

Colloid type None 27 46.6%
4% Gelatine 19 32.8%
6% HES 12 20.7%

RBC transfusion No 47 81.0%
Yes 11 19.0%

BMI, Body Mass Index; PT, prothrombin time; APTT, activated partial thromboplastin time; INR, international
normalized ratio; ASA, The American Society of Anesthesiologists; HES, hydroxyethyl starch; RBC, red blood cell
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Table-2. The relationship of transfusion with demographic and intraoperative characteristics.

RBC Transfusion RBC Transfusion
(+) ) p value
N=11 N=47
Age (year) 51.7+13.6 456 +13 0.097
Gender Female 9 (%81.8) 27 (57.4%) 0.138
Male 2 (%18.2) 20 (42.6%)
Height (cm) 1627 169 + 11 0.028*
Weight (kg) 79+£19 78 £15 0.841
BMI 29973 27+4.7 0.110
ASA (WAIAll 3/81/0 25/22/0 0.121
Surgery area Brain 6 23 0.738
Spine 5 24
Anesthesia 201 £ 53 150 £ 70 0.022*
duration (min)
Operation 168 + 47 118 + 63 0.014*
duration (min)
Preoperative
Hemoglobin (g/dL) 12+1.3 13.7+15 0.002*
Hematocrit (%) 36.9+3.7 41+3.9 0.003*
Platelet (/103) 260 £ 76 260 + 69 0.977
Fibrinogen (mg/dL) 365 + 164 317 £ 121 0.329
PT (sec) 115+1.5 11.7+£0.7 0.584
INR 0.98 £ 0.1 0.98 £ 0.06 0.679
APTT (sec) 25+25 255+24 0.524
Intraoperative
Lowest temperature (°C) 35.6+0.4 35604 0.537
Lowest Hematocrit (%) 274 +£19 39.8+4 <0,001*
Total amount of bleeding 10.4 +6.2 47+3.6 <0,001*
(mL/kg)
Total fluid and blood 38+ 15 22+85 <0,001*
volumes (mL/kg)
Total crystalloid (mL/kg) 25+9 19+6.5 0.039*
Total colloid (mL/kg) 74 314 0.546
HES / Gelatin /None 4/6/1 8/13/26 0.922

(number of patients)
Total RBC transfusion 6.1+4.1 -
(mL/kg)

BMI (Body Mass Index); PT (Prothrombin time); APTT (Activated partial thromboplastin time); INR (International
normalized ratio); ASA (The American Society of Anesthesiologists); HES (Hydroxyethyl starch); RBC (Red Blood
Cells).* p<0.05

Table-3. Perioperative TEG Data

Total RBC Transfusion RBC Transfusion
(+) Q)
N=58 N=11 N = 47
R (min) Preoperative 56+15 59+15 56+1.5
Postoperative 15t hour 55+2 5+1.2 56+22
Postoperative 24th hour 58+16 61 57+17
K (min) Preoperative 24+13 25+15 23+12
Postoperative 1t hour 25+2 1.8+0.6 26+2.1
Postoperative 24th hour 211 1.9+1 2+1
Angle (a)° Preoperative 60 + 10 59 + 11 60 + 10
Postoperative 15t hour 61+12 64+9 60+ 13
Postoperative 24th hour 63+ 10 639 63+ 10
MA (mm) Preoperative 597 59+8 597
Postoperative 15t hour 58 +8 63+9* 57+7
Postoperative 24th hour 61+6*t 61+6 61+6*t
Cl Preoperative -057+26 -0.77£29 -0.52+2.6
Postoperative 1t hour -0.54 +3.5 0.86+1.9 -0.87 £3.7
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Postoperative 24th hour -0.08 2.5 -0.06 £ 2.1 -0.08 2.7

Ly30 (%) Preoperative 1+£1.3 0.52+1.1 1+14
Postoperative 1t hour 06+09* 0.21+0.5 0.7+0.9
Postoperative 24th hour 06+0.7 0.49+0.7 1.6+0.7

RBC, Red Blood Cells; R, reaction time; K, coagulation time; (a) alpha angle; MA, maximum amplitude; ClI,
Coagulation index; LY30, percentage of lysis 30 min after MA.
*Compared to preoperative period, fCompared to postoperativelst hour period, p <0.05

Table-4. Factors associated with preoperative and postoperative 15t hour TEG change.

Preoperative/Postoperative 15t hour Change

R (min) K (min) MA (mm) Angle o (°) ClI Ly 30 (%)
Age r -0.216 -0.102 0.271 0.174 0.236 -0.046
p 0.104 0.447 0.039* 0.191 0.074 0.731
Weight r 0.042 0.009 0.028 0.039 -0.009 0.049
p 0.754 0.947 0.837 0.773 0.944 0.714
Height r 0.081 -0.122 0.175 0.023 0.039 0.125
p 0.547 0.360 0.188 0.865 0.769 0.351
BMI r -0.011 0.100 -0.087 0.025 -0.038 -0.03
p 0.932 0.457 0.517 0.854 0.776 0.822
Baseline r -0.012 0.023 0.058 -0.007 0.004 0.147
Hemoglobin p 0.928 0.864 0.663 0.958 0.977 0.271
Baseline Hematocrit r 0.010 0.008 0.080 0.013 0.011 0.113
p 0.941 0.951 0.551 0.921 0.934 0.397
Baseline Platelet r -0.064 -0.062 0.039 0.151 0.097 -0.072
Count p 0.634 0.646 0.770 0.258 0.467 0.593
Baseline PT r -0.016 -0.181 0.02 0.094 0.070 0.181
p 0.903 0.178 0.882 0.487 0.606 0.178
Baseline APTT r -0.084 -0.180 0.054 0.152 0.115 0.01
p 0.534 0.181 0.688 0.259 0.394 0.939
Baseline INR r -0.039 -0.173 0.038 0.142 0.098 0.017
p 0.772 0.194 0.778 0.287 0.463 0.897
Fibrinogen r -0.244 -0.206 0.230 0.24 0.279 0.216
p 0.082 0.142 0.102 0.087 0.045* 0.123
Lowest temperature r 0.085 0.220 -0.287 -0.145 -0.202 0.070
p 0.527 0.098 0.029* 0.277 0.129 0.602
Lowest r 0.073 0.084 -0.107 -0.029 -0.94 0.175
Intraoperative p 0.586 0.532 0.423 0.832 0.481 0.190
Hematocrit
Total amount of r -0.058 -0.052 0.158 -0.053 0.073 -0.08
bleeding p 0.668 0.699 0.237 0.692 0.587 0.549
Total fluid volume r -0.192 -0.191 0.24 0.088 0.214 -0.082
p 0.149 0.150 0.07 0.51 0.106 0.541
Amount of r -0.149 -0.186 0.291 0.059 0.2 -0.025
crystalloid p 0.266 0.163 0.027* 0.661 0.132 0.854
Amount of colloid r -0.198 -0.146 0.102 0.120 0.182 -0.19
p 0.136 0.274 0.447 0.370 0.171 0.154
Red Blood Cell r -0.112 -0.092 0.085 0.035 0.095 0.004
Transfusion p 0.401 0.491 0.525 0.793 0.477 0.976
Anesthesia duration r -0.184 -0.142 0.143 0.135 0.187 -0.033
p 0.166 0.288 0.286 0.312 0.160 0.805
Operation duration r -0.196 -0.155 0.140 0.158 0.200 -0.039
p 0.140 0.247 0.296 0.236 0.133 0.769

R, reaction time; K, coagulation time; (@) alpha angle; MA, maximum amplitude; CI, Coagulation index; LY30,
percentage of lysis 30 min after MA, BMI, Body Mass Index; PT, prothrombin time; APTT, activated partial
thromboplastin time; INR, international normalized ratio.

Pearson/Spearman correlation; r, Correlation Coefficient; p <0.05
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Table-5. Factors associated with postoperative 24th hour TEG change.

Preoperative/ Postoperative 24th hour Change

R (min) K(min) MA (mm)  Angle Cl Ly 30(%)
(0)°
Age r -0.214 -0.262 0.193 0.229 0.274 0.068
p 0.117 0.053 0.159 0.093 0.043* 0.620
Weight r -0.175 -0.153 0.203 0.146 0.187 0.141
p 0.200 0.263 0.137 0.289 0.172 0.303
Height r 0.029 -0.103 0.260 -0.007 0.060 0.119
p 0.833 0.454 0.055 0.961 0.664 0.385
BMI r -0.194 -0.100 0.053 0.159 0.158 0.079
p 0.156 0.468 0.701 0.246 0.251 0.565
Baseline r 0.018 0.077 0.024 -0.063 -0.046 0.008
Hemoglobin p 0.895 0.578 0.864 0.650 0.736 0.954
Baseline r -0.056 -0.029 0.053 0.033 0.045 0.015
hematocrit p 0.684 0.833 0.701 0.813 0.746 0.912
Baseline platelet r -0.193 -0.235 0.027 0.330 0.248 -0.072
count p 0.158 0.085 0.845 0.014* 0.068 0.603
Baseline PT r 0.107 -0.030 0.119 -0.105 -0.055 -0.063
p 0.440 0.828 0.391 0.451 0.693 0.652
Baseline APTT r -0.114 -0.191 0.280 0.193 0.203 0.012
p 0.411 0.168 0.041* 0.163 0.142 0.931
Baseline INR r 0.177 -0.030 0.141 -0.099 -0.072 -0.080
p 0.195 0.826 0.306 0.474 0.603 0.564
Fibrinogen r -0.278 -0.238 0.082 0.246 0.280 0.160
p 0.046* 0.089 0.562 0.078 0.045* 0.258
Lowest r 0.001 0.001 -0.045 0.004 -0.012 0.093
temperature p 0.997 0.997 0.746 0.978 0.930 0.501
Perioperative r -0.011 0.024 0.040 -0.016 -0.009 0.052
lowest Hematocrit p 0.936 0.863 0.775 0.907 0.950 0.705
Total amount of r -0.083 -0.012 -0.174 0.008 0.004 -0.071
bleeding p 0.548 0.930 0.205 0.951 0.974 0.606
Total fluid volume r -0.053 -0.071 -0.050 0.030 0.035 -0.004
p 0.699 0.606 0.719 0.828 0.799 0.977
Amount of r -0.081 -0.109 0.078 0.055 0.092 0.045
crystalloid p 0.557 0.427 0.571 0.689 0.505 0.746
Amount of colloid r 0.050 0.018 -0.158 -0.023 -0.062 -0.152
p 0.715 0.896 0.249 0.869 0.654 0.267
RBC r -0.082 -0.037 -0.168 0.014 -0.001 0.088
p 0.552 0.790 0.220 0.919 0.994 0.523
Anesthesia r -0.179 -0.201 -0.009 0.216 0.180 0.049
duration p 0.190 0.141 0.947 0.113 0.189 0.722
Operation r -0.191 -0.206 0.006 0.227 0.191 0.045
duration p 0.162 0.132 0.965 0.096 0.162 0.742

R, reaction time; K, coagulation time; () alpha angle; MA, maximum amplitude; Cl, Coagulation
index; LY30, percentage of lysis 30 min after MA, BMI, Body Mass Index; PT, prothrombin time;
APTT, activated partial thromboplastin time; INR, international normalized ratio.

Pearson/Spearman correlation; r, Correlation Coefficient; p <0.05

DISCUSSION

In our study, coagulation changes and their
relationship with transfusion were evaluated in
cranial and spinal surgery cases. It was
determined that 18.9% of the patients required

352

erythrocyte transfusion. When the characteristics
of the patients who administered transfusion
were compared with the patients who did not, it
was seen that preoperative hemoglobin and
hematocrit levels were lower, the durations of
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surgery and anesthesia were longer. They had
lower hematocrit measurements simultaneously
with more intraoperative bleeding and total fluid
requirement. The amount of bleeding and low
hematocrit levels, based on the determined
transfusion threshold, were the main reasons for
transfusion in these patients. However, as the
primary objective of our study, no significant
change was found when TEG data of patients
requiring transfusion were compared with those
not receiving transfusion. In this case, it is not
possible to blame coagulation disorders as the
cause of bleeding and transfusion in our patients.
During surgery, blood transfusion is performed to
replace blood loss independent of coagulation.
Here, it is important for teams to determine their
own transfusion limits and approaches without
creating a risk of decreased oxygen delivery to
the tissues. In our model, during the study period,
due to the logistical conditions of our institution,
higher hematocrit levels were targeted compared
to the restrictive approach applied today.
Although the frequency of transfusion is not high
in general, if lower hemoglobin levels were
targeted, more patients could have been
prevented from receiving transfusion. However,
this issue does not change the aim of our study.

The issue that was evaluated in the study was to
reveal how perioperative coagulation is affected
in patients who underwent brain and
neurosurgery. TEG evaluation revealed that
coagulation parameters showed a similar profile
in both transfused and non-transfused patients.
Neither hypocoagulability nor hypercoagulability
occurred in any patient. Pearson and Spearman's
correlation tests also show that the coagulation of
patients is not affected at a clinical level by
factors such as preoperative characteristics,
intraoperative infusion amount, fluid types,
transfusion amount, body temperature and
operation time. It should also be acknowledged
that continuing surgical interventions in their
normal course and without complications may
have prevented adverse outcomes by ensuring
that the factors remain within controllable limits. It
appears that the preoperative fibrinogen level
positively affects the postoperative CI, which is
an indicator of clot quality. This relationship is not
specific to our patients but is expected after most
surgeries. Fibrinogen is a natural determinant of
the coagulation index (11,12). This positive
relationship continued at 24 hours
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postoperatively. However, it remained within

clinical limits.

Overall, TEG evaluation revealed the expected
results of surgery on coagulation in our patients.
Age is a factor that often leads to increased
coagulation (13,14). Although there was no
significant difference in age distribution between
the two groups, the age factor had a positive
effect on clot quality over the postoperative MA
and 24th hour CI, but the hypercoagulability limit
was not exceeded.

Hypothermia is also a factor known to be the
cause of perioperative bleeding. Hushan et al.
(15), unlike our study, found that MA and a angle
values decreased under the effect of hypothermia
and stated that hypothermia decreased platelet
aggregation and prolonged reaction and
coagulation times. Wenjun Zhou Martini observed
in a study on pigs that hypothermia did not cause
an increase in the R value, a decrease in the a
angle, and a change in MA and Lys 30 values
(16). Taggart et al. found in a study on dogs that
there was an increase in the K time under 30 °C,
a decrease in the a angle, but no significant
change in MA and R times (17). However, in our
patient group, hypothermia had no effect on
coagulation or transfusion requirements. A
negative relationship was detected between
postoperative MA and the lowest temperature,
but this was not significant enough to cause
clinical bleeding.

The choice of colloid for intraoperative fluid
replacement is also a factor known to have a
negative effect on perioperative coagulation
(5,18-20). The use of HES is considered
contraindicated in coagulopathic patients due to
its potential to exacerbate bleeding risks and
impair coagulation. It is not a cause of bleeding
or transfusion at the doses used in our study.
There is no clear data showing a significant
relationship between the amount of colloid used
and TEG parameters. A positive relationship was
found between MA and crystalloid volume at the
end of the operation. This is related to the ability
of low hemodilution rates to increase coagulation
(19-21).

Boyd CJ et al. (22) stated that low hemodilution
causes hypercoagulation and high hemodilution
causes hypo coagulation. In our study, it was
determined that the crystalloid we used in low
volume at the end of the operation increased MA.
However, this did not provide a distinction for
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patients requiring transfusion. This effect
probably disappeared with the removal of
crystalloids at the 24th hour postoperatively (23).
Although the duration of anesthesia and
operation was also longer in cases where
transfusion was performed, there was no
significant relationship between both parameters
and TEG data. In addition, the fact that
fibrinolysis was not detected in any patient at the
end of the operation or at the 24th hour
postoperatively can be interpreted as the
development of exposure to excessive
coagulation activity.

It is difficult to explain the effect of bleeding
during surgery on coagulation. Kenneth JT et al.
(24) reported in a study using TEG that
progressive blood loss in patients undergoing
surgery under general anesthesia increased
coagulation. The effects of additional factors such
as trauma or similar stressful situations will affect
the results. However, since it is not possible to
avoid any fluid replacement in a patient who is
bleeding during surgery, it is difficult to
investigate the effect of isolated blood loss on
coagulation. The study conducted by Ruttmann
et al. on blood donors is also valuable (25). Blood
samples taken from donors at certain intervals
after 1 unit of blood was examined in TEG, and
while the R period was shortened in the blood
taken immediately after the blood was taken, it
returned to normal values after 1 hour and did not
change afterwards. In our study, RBC
replacement was applied to approximately 19%
of the patients. Interestingly, the postoperative
MA value of this transfusion group, which cannot
be considered as having a high transfusion
volume, was found to be significantly higher than
the preoperative MA value. In contrast, there was
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Amag: Spinal disrafizm, embriyonik néral tipin kusurlu orta hat fizyonundan kaynaklanan cgesitli
omurga anomalilerini kapsamaktadir. Gelismekte olan Ulkelerdeki bu anomaliler, acil ve émir boyu
tibbi bakim gerektiren birgok morbiditeye sahiptir. Tedavide cerrahi 6énemli bir yer tutmakta ve
gelisebilecek komplikasyonlari énlemede etkili olmaktadir. Calismamizin amaci; spinal disrafizm
cerrahisindeki zamanlamanin ve cerrahi olarak uygulanan yontemlerin, gelisebilecek komplikasyonlar
Uzerindeki etkisini ortaya koymak ve gelisen komplikasyonlari literatir esliginde tartismaktir.

Gereg ve Yéntem: Bu calismaya, Saglk Bakanh@i izmir Tepecik Egitim ve Arastirma Hastanesi
Norosirlrji Klinigi ile Cocuk Yenidogan kliniginde, 2007- 2010 yillar arasinda spinal disrafizm tanisi
alan 102 hasta dahil edildi. Dosyalar retrospektif olarak incelenerek, dogum haftasi, kilosu, cinsiyeti,
anne yasi ve folik asit kullanim &ykileri, lezyonun lokalizasyonu, nérolojik muayenesi, ek hastalik
varligi, BT ve MR raporlari, uygulanan cerrahi midahale ve zamanlama, komplikasyonlar kaydedildi.

Bulgular: Calismadaki olgularin (n=102) %55'i erkekti. TUm olgularin %42’sinde lezyon torako-lomber
bolgedeydi ve %45'nde (n=56) hidrosefali saptandi. Olgularin %34,3'U ilk 6 saatte opere edildi.
Operasyonu 6 saatten sonra yapilan olgularda anlamli olarak nérolojik defisit orani yiksek ¢ikti
(p=0.026). Yine 6 saatten sonra opere edilen olgularda menenijit enfeksiyonu anlami olarak yiksek
saptandi (p=0.005). 3. Giinde 6nce ve sonra opere edilen olgularda menenijit gelisme riski agisindan
anlami farkhlik saptanmadi (p=0.07). Primer defekt onarimi ile beraber sant takilan ve takilmayan
olgular arasinda enfeksiyon sikhdi, BOS fistulu riski, noérolojik defisit gelisme olasiligi agisindan
anlaml bir farklihk saptanmadi (sirasiyla, p=1.00, p=0.74, p=0.098).

Sonug: Spinal disrafizm olan yenidoganlarda cerrahi sonrasi komplikasyonlari en aza indirmek igin
erken zamanda cerrahi planlama gereklidir. Erken cerrahi uygulama ileri donem nérolojik defisit
olasiligini da azaltacaktir.

Anahtar Sozciikler: Spinal Disrafizm, Meningomiyelosel, Hidrosefali, Yenidogan

ABSTRACT

Aim: Spinal dysraphism includes spinal anomalies caused by defective neural tube fusion, leading to
significant morbidity, especially in developing countries. These conditions require urgent and lifelong
medical care. Surgery plays a vital role in treatment and helps prevent complications.

This study evaluates the impact of surgical timing and techniques on complications, supported by a
literature review.
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Materials and Methods: This retrospective study included 102 spinal dysraphism patients treated
between 2007 and 2010 at izmir Tepecik Training and Research Hospital. Patient records were
analyzed for gestational age, birth weight, gender, maternal age, folic acid use, lesion location,
neurological findings, comorbidities, imaging results, surgical procedures, timing, and complications.
Results: 55% of the cases in the study (n=102) were male. In 42% of all cases, the lesion was in the
thoracolumbar region and hydrocephalus was detected in 45% (n=56). 34.3% of the cases were
operated within the first 6 hours. The rate of neurological deficits was significantly higher in cases
where the operation was performed after 6 hours (p=0.026). Again, meningitis infection was detected
as high in cases operated after 6 hours (p=0.005). There was no significant difference in the risk of
developing meningitis in cases operated before and after the 3rd day (p=0.07). There was no
significant difference between the cases with and without shunt placement in terms of infection
frequency, risk of CSF fistula, and probability of developing neurological deficit (p=1.00, p=0.74,
p=0.098, respectively).

Conclusion: Early surgical planning is necessary to minimize post-surgical complications in newborns
with spinal dysraphism. Early surgical applications will also reduce the possibility of late neurological
deficits.

Keywords: Spinal dysraphism, Myelomeningocele, Hydrocephalus, Newborn

GIRIS Calismamizin amaci, 2007-2010 yillan arasinda
Spinal disrafizm (SD), normalde birlesmesi S.D set_)e_blyle _opere Ola.':'.. has_talarda,

S : hidrosefalinin gelisip gelismedigdini belirlemek,
gereken iki néral yapinin tam kapanamamasi ile . . - .

. o . hidrosefali gelisen ve gelismeyen olgularin

olusan orta hat gelisim anomalisidir. Spinal g .
R - tedavisinde cerrahi zamanlamanin ve sonrasinda
disrafizm  siniflandirmasi,  derinin  lezyonu

kaplayip kaplamadigina baghdir (1). Agik spinal
disrafizmlerde meninksler, omurilik sivisi ve
omuriligi iceren néral elementler, yenidogani
blylk bir enfeksiyon, yaralanma ve miteakip
norolojik yetersizlik riskine sokar.
Miyelomeningosel (MMS), acik spinal
disrafizmlerin  %98,8'ini olusturur ve MMS'nin
genel insidansi 1000 canli dogumda 0,2 ila
0,4'tir (2). Etkilenen bebeklerin klinik durumu ve

uzun vadeli sonuglari, lezyonun boyutuna,
dlzeyine, dahil olan ndral doku miktarina
baghdir. Meningosel veya meningomyeloseli

iceren SD olan olgularin, %90’'nda, cerrahi 6nce
ve sonrasinda beyin omurilik sivisinin (BOS)
dolasiminin bozulmasi ile hidrosefali
gelismektedir. Gelisen hidrosefali tedavisinde
ventriklloperitonel sant (VP), en sik kullanilan
yontem olmakla birlikte hastalarin %70’nde 10 yil
icinde sant islev bozuklugu gelismektedir (3).
Yasanilan sant disfonksiyonlari sebebiyle degisik

tedavi modaliteleri glindeme gelmis ve
néroendoskopik gereclerin gelismesiyle birlikte
endoskopik dglinci ventrikllostomi, bu
hastalarda  kullaniimaya  basglanmistir.  Bu

hastalarda cerrahi zamani ve kullanilan yéntemin
belilenmesi ayrica hidrosefali olan SD’LI
olgularda hangi tedavi yolunun uygulanacagi
hekimden hekime degismektedir (4).
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gelisen komplikasyonlarin  sonuglarini
koymaktir.

GEREG ve YONTEM
Calisma grubu

ortaya

Calismamiza S.B. Tepecik Egitim Arastirma
Hastanesi Beyin ve Sinir Cerrahisi Klinigi ile
Cocuk Saghgi Yenidogan Kliniginde 2007- 2010
yillari arasinda klinik ve radyolojik olarak spinal
disrafizm tanisi alan ve opere edilen 102 hasta
dahil edildi.

Veri Toplanmasi

Retrospektif olarak hasta dosyalarindan olgularin
anne yasl, folik asit kullanim &ykuleri, dogum
kilolari, dogum haftalari, cinsiyetleri, lezyonun
lokalizasyonu ve buydkligu, cerrahi éncesi ve
sonrasi norolojik muayene, uygulanan cerrahi
sekli ve zamani, cerrahi 6nce ve sonrasindaki
komplikasyonlar ile ek hastaliklarin varligi
kaydedildi. Ayrica hastalarin cerrahiden 6nce ve
sonra vyapilan beyin ve spinal Bilgisayarli
Tomografi ( BT) ve manyetik rezonans (MRG)
goruntileri degerlendirildi.

Istatistiksel Yéntem

Calismada SPSS istatistik programi (versiyon
10.1, Chicago, ABD) kullanildi. Olgiim ile elde
edilen degiskenler normal dagilimda oldugunda t

357



test, normal olmayan dagilim igin Mann-Whitney
U test yapildi. Gruplarin karsilastirimasinda Ki-
kare test kullanildi. Tim testlerde hata orani
(0.05) olarak belirlenip p<0.05 oldugunda gruplar
arasi fark istatistiksel olarak anlaml kabul edildi.

BULGULAR
Sosyodemografik ve hastalik 6zellikleri

Calismaya spinal disrafizm (MMS) tanisi alan
47’si (%46,1) kiz, 55'i (%53,9) erkek 102 olgu
alindi. Hastalarin dogum haftasi ortalama 37,
dogum agirhd@ 2892 gr ve anne yasi 26.2 idi.
Annelerin 66’s1 (%64,7) folik asit kullanmigti.

Olgularin lokalizasyonu en sik %41,2'si (42)
torako-lomber olmak Uzere %21,6’s1 (22) lomber,
%24,5 (25)i lumbo-sakral, %9,8 (10)’i torakal,
%2,9 (3) servikal bolgedeydi. Olgularin
%45,1’inde (46) hidrosefali saptandi.

Operasyon ile iliskili klinik bulgular

Cerrahi zamanlamaya bakildiginda en sik %42,2
(43) olgu 6-24 saat arasinda opere olmus ve
%34,3'0 (35) ilk 6 saatte, %13,7’si (14) 1-3 gin
arasinda ve %9,8 (10)u 3.glin ve sonrasinda
opere edilmistir.

Tdm olgularin  %78,4'e (80) primer onarim
yapilirken %21,6 (22)’e primer onarim ile beraber

ventrikUlo-peritoneal sant ameliyati
uygulanmigtir.
Operasyon oOncesinde 60 hastada (%58,8)

ndrolojik defisit varken operasyon sonrasinda
%8,8’'inde norolojik defisitte artis saptanmistir.

Cerrahi komplikasyonlar ile iliskili bulgular

Operasyon sonunda %17,6 menenijit,
%14,7’sinde yara yeri enfeksiyonu, %15,7’sinde
BOS fistili ve %22,5inde sant enfeksiyonu
saptandi.
Cerrahi zamanlama
iliskisi:

Olgularin %34,3’G (35) ilk 6 saatte opere edildi.
Cerrahi zamanlama ile komplikasyonlarin iligkisi
degerlendirildiginde ilk 6 saat icinde opere olan
olgularda 6 saatten sonra opere olan olgulara
gbre norolojik defisit, menenjit anlamli olarak
daha az saptandi (sirasiyla p=0.026, p=0.005).

ile komplikasyonlarin

ilk 24 saat icinde opere olan olgular ile 24 saat
sonra opere olan olgular arasinda menenijit, yara
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yeri enfeksiyonu, BOS fistllu gibi
komplikasyonlarda anlamli farklilik saptanmadi.

Sadece 3 giinden sonra opere olan olgularda
yara yeri enfeksiyonu ve 24 saatten sonra opere
olan olgularda sant enfeksiyonu anlamh olarak
ylksek saptandi (sirasiyla p=0.038, p=0.045)

Cerrahi yéntemin komplikasyonlar ile iliskisi:

Sadece primer onarim yapilan olgular ile primer
onarimla  beraber sant takilan  olgular
karsilastirildiginda, noérolojik  defisitte  artis,
menenijit, yara yeri enfeksiyonu ve BOS fistili,
sant enfeksiyonu gibi komplikasyonlar agisindan
anlamli  farklihk saptanmamistir (p sirasiyla
p=1.000, p=0.514, p=0.744, p=0.612).

Tablo-1. Cerrahi sonrasi komplikasyonlarin dagihimi

Menenjit Yara yeri BOS Sant
enfeksiyonu fistiilii enfeksiyonu
Hasta 18 (17.6) 15 (%14,7) 16 23 (%22,5)
(%15,7)
Tablo-2. Cerrahi zamanlama ile komplikasyonlar
arasindaki iligki.
llk 6 6 saat P*
saatte sonra
cerrahi cerrahi
Norolojik 0 (%0) 9 (%100) 0.026
defisitte artis
Menenjit 1 (%5,6) 17 0.005
(%94,4)
Yara yeri 4 (%26,7) 11 0.499
enfeksiyonu (%73,3)
BOS fistiilu 4 (%25,0) 12 0.393
(%75,0)

*Ki-kare test

TARTISMA

Spinal agik ve kapal orta hat gelisim anomalileri,
gelismekte olan Ulkelerde hala gérilmeye devam
eden ve santral sinir sisteminin cerrahi gerektiren
en sik konjenital anomalileri arasindadir (4).
Cerrahi tedavide amag, BOS sivisina ve saglam
noral dokuya zarar vermeyecek sekilde defektin
kapatiimasidir (5). Miyelomeningosel ile dogan
alti bebekten yalnizca birinde dogumda kafa igi
basincinda artis belirtileri  gorildugu, sekiz
bebekten yalnizca birinin bag ¢evresinin 98
persantilin Gzerinde oldugu bilinmektedir (6). Bu
cocuklarin yalnizca %5 ila %25'inde belirgin
hidrosefali mevcut oldugundan, MMS onarimi ile
ayni seansta VP sant yapilmasinin gerekliligi
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tartismalidir (7). Bu anomali ile dodan bebeklerde
tam gorus birligi olmasa da genel prensip,
olusabilecek komplikasyonlari en aza indirmek
icin bir an énce opere edilmesinin yararli oldugu
seklindedir (3).

Calismamizda hamileliginde folik asit
kullanmayanlarda (%64,7) literatire uyumlu
olarak noéral tlip defektlerinin daha fazla oldugu
g6zlendi. Ayrica calismalarda belirtilen lumbo-
sakral bolgeden ziyade en fazla defekt %41 ile
torakolomber  bdlgedeydi  (8). Operasyon
sonunda %17,6 menenijit, %14,7’sinde yara yeri
enfeksiyonu, %15,7’sinde BOS fistili ve %22,5
sant enfeksiyonu saptandi. Cerrahi zamanlama
ile komplikasyonlarin iliskisi degerlendirildiginde
calismamizda, ilk alti saat icinde opere olan
olgularda alti saatten sonra opere olan olgulara
goére norolojik defisit, menenjit anlamli olarak
daha az ve U¢ ginden sonra opere olan
olgularda yara yeri enfeksiyonu ve 24 saatten
sonra opere olan olgularda sant enfeksiyonu
anlamh olarak ylksek saptandi. Ayrica sadece
primer onarim yapilan olgular ile primer onarimla
beraber sant takilan olgular karsilastirildiginda,
komplikasyonlar acgisindan herhangi bir farkhhk
saptanmamistir.

Postnatal spina bifida onarimi, cerrahiye engel bir
durum olmadidi sirece dogumdan hemen sonra
yapilmalidir. Literatlirde operasyonun genellikle
yasamin ilk 48 saatinde yapilmasi o6nerilmigtir.
Cerrahi 72 saatten sonraya ertelenmemelidir.
Yapilan ¢alismalarda sonuglar degisken olmakla
birlikte ¢cogu arastirmaci, yasamin ilk 24 ila 48
saatindeki MMS onariminin enfeksiyon riskini
azalttigini éne siirmektedir (7). Oktem ve ark. ve
Arslan ve ark. yaptigi calismalarda, erken (48
saatten 6nce) MMS onarimi yapilan hastalarda
enfeksiyon oranlarinin daha dusuk oldugunu
bulmuslar ve her iki yazar grubu da 48 saat sonra
yapilan MMS onariminin anlamli derecede daha
fazla mortalite ve morbidite ile iligkili oldugunu
belirtmiglerdir  (9,10). Cerrahi mudahale
sonrasinda komplikasyonlarin arastirildigi  bir
calismada, zamaninda (ilk 48 saatte) opere
edilen hastalarda ventrikilit riski %7 iken bu
sureden sonra opere edilenlerde ventrikilit
riskinin %37 oldugu gosterilmistir (11). 1967'de
Fernandez-Serrats ve ark., 48 saat icinde cerrahi
midahaleyi savunan 228 hastadan olusan
retrospektif bir seri yayinladilar ve ameliyat icin 7
glinden fazla bekleyen hastalardaki %40
enfeksiyon oranina karsihik erken cerrahi
grubunda %@8'lik bir enfeksiyon saptamiglardir
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(12). Spina bifida operasyonu sonrasinda
menenjit oranlarina bakildiginda, Shehu ve
arkadaslarinin yaptidi ve 77 olguyu igeren bir
calismada post-op menenijit orani %4, Siedel ve
arkadaslarinin retrospektif olarak 65 hasta
degerlendirdigi bir calismada %7.7 saptanmis
olup calismamizdan literatirden daha fazla
olarak %17,7 bulunmustur (13,14). Ulusal bir
kohort calismasinda da 24 saat icinde veya 24 ile
48 saat arasinda ameliyat edilen yenidoganlarda
genel perinatal enfeksiyon oraninda higbir fark
gOstermedi. Ancak hastanin 48 saatten fazla
beklemesi durumunda enfeksiyon riskinde
anlamh bir artis oldugu gdstermiglerdir (15.16).
Benzer calismalar, enfeksiydz komplikasyonlari
Onlemek icin kapatmanin dogumdan sonraki 48-
72 saat icinde tamamlanmasi gerektigi yonindeki
klasik verilerin buyuk kismini temsil etmektedir.

Literatlre baktigimizda, yara enfeksiyonu,
menenijit veya ventrikllit gibi komplikasyonlara
yol acan miyelomeningosel defektinin operasyon
zamanlamasi konusunda fikir birligine
varamamaktadir (5, 8,17). Baska bir arastirmada,
ilk 24 saat, 3-7 gin ve 1 haftadan sonra opere
edilen olgular karsilastinldiginda, hayatta kalim,
ventrikllit orani, gelisme geriligi ve motor
fonksiyonlarin  seviyesinde anlamli  farklilik
saptanmamistir (17). Charney ve ark.nin 110
opere olan meningomyeloselli  yenidogani
retrospektif olarak degerlendirdigi bir calismada,
hastalar ilk 48 saat (erken), 3-7 gun (gecikmis), 1
hafta-10 ay geg¢ cerrahi olarak ayirdiktan sonra
cerrahi zamanlama ile komplikasyonlarina
bakildiginda; ventrikulit orani ve mortalite erken,
gecikmis veya ge¢ cerrahi gecirenler arasinda
benzerdi; Ayrica néromotor gelisimde gruplar
arasinda anlamli bir iliski bulunmamisgtir (18).

Hidrosefali, spina bifidanin iyi bilinen ve uzun
dénem mortalite ve morbiditeyi etkileyen bir
komorbiditesidir ve bu ¢ocuklarin  %80-85'i
konjenital veya SB kapanmasindan sonra gelisen
sekilde etkilemektedir (19,20). Omurga defektinin
ilk kapanmasini takiben etkilenen g¢ocuklarin
yaklasik %65'inde iki veya Uug¢ haftalikken
hidrosefali gelisir. Hidrosefalini varligi, ayni
seansta hem primer kese tamirinin yapilmasini
hem de ventriklloperitoneal sant (VP) takilmasini
akla getirmisti. MMS onarimi ve hidrosefali
tedavisi ayni asamada yapilmasi gerektiginde en
uygun zamanlama konusunda literatirde fikir
birligi yoktur. Ama hidrosefali ile dogan MMS’li
hastalarda ayni seansta sant ve kese onarimi
cerrahisi olan hastalarda yara iyilesmesinin iyi
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oldugu, BOS kagagina bagli komplikasyonlarin
azaldigi, hidrosefali ile iligkili komplikasyonlarin

onlendigi ancak sant tikanmasi ve sant
enfeksiyonu gibi komplikasyonlarin  gérilme
sikhgini arttirdigi  dusindimektedir. Sant

enfeksiyonunun, VP santlarin %3-25'ini komplike
ettigi gosterilmistir [21].

Margaron ve ark.’nin 1997 ile 2007 yillari
arasinda spina bifida (SB) operasyonu ve sant
uygulamasi igin cerrahi olan 276 olgu geriye
yonelik degerlendirdigi bir gcalismada; genel SB
yara enfeksiyonu orani %8,3, sant enfeksiyon
orani %8,7 idi. 5 glinden 6nce SB operasyonu ve
sant uygulanan ¢ocuklarda, SB'nin
kapatilmasindan 5-10 gin sonra sant uygulanan
cocuklar karsilastinldiginda, defekt
kapatilmasindan sonra sant takilan olgularda
yara yeri enfeksiyonu anlamli olarak daha disuk
saptanmistir (22). Benzer sekilde
meningomiyelosel operasyonu ile beraber sant
takilan hidroselli olgularda sadece defekt onarimi
yapilan olgulara goére sant enfeksiyonu daha
fazla saptanmistir (23). 2020 yilinda Istemen ve
ark.’nin  yayinladigi  bir arastirmada, 80
meningomiyelosel tanili hastaya restrospektif
olarak bakildiginda, erken dénemde onarim ile
beraber sant takilan hastalarda, sant
enfeksiyonu, sant disfonksiyonu ve sant
revizyonunun ge¢ dénemde yerlestirilenlere gore
daha yuksek oldugu belirlenmistir (24). Ayni
seansta sant yapilmayan, takiplerde hidrosefali
gelisen, deri altinda asin gerginlik ve birikim olan
hastalarda santin gecikmeden yerlestiriimesi yara
iyilesmesini olumlu etkiler. Ancak yaradan BOS
sizintisi olan hastalarda santa bagl enfeksiyon
riski yuksektir;, bu nedenle vyara kenarlari
tamamen iyilesene kadar ventrikller drenaj
yapiimahdir. 1995 ile 2017 yillar arasinda 170
hastanin geriye yodnelik degerlendirildigi bir
calismada ise, meningomiyelosel operasyonu ile
beraber sant takilmasinin sant enfeksiyonu igin
anlamli derecede riski azaltmadigi gosterilmistir
(25). Ayrica Oktem ve arkadaslarinin retrospektif
olarak 63 vakayi degerlendirdigi bir calismada, es
zamanli  iglem uygulanan bu hastalarin
%19,3'Unde menenjit gelistigini, ge¢c donem ayri
seansta sant takilanlarda ise sadece %9,5'inde
menenijit gelistigini bulmuslardir (9). Bu risk
azalmasi bircok calismada, onarim sonrasinda
yapilan antibiyotik profilaksisi olarak
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distnldimustir. Calismamizda da benzer sekilde
cerrahi onarim ile beraber sant takilmasinin
primer onarimdan sonra sant takilmasi arasinda
sant enfeksiyonu, menenijit ve diger
komplikasyonlar agisindan igin anlamli bir farkhhk
saptanmadi.

Sipina bifidali olgularda yara yeri enfeksiyonu
daha c¢ok operasyondan sonra cildin asiri
geriimesine bagli kanlanma bozuklugu, gaita
kontaminasyonu ve yenidoganin daha dusuk
immunitesine bagl gelismektedir. Operasyon
sonrasi yara yeri enfeksiyonu calismalarda %9-
%23 arsinda degismektedir 4,13). Cerrahi
zamanlama ile yara yeri enfeksiyonu iligkisi ile
ilgili calismalarin birgogunda 48-72 saat sonrasi
yapilan cerrahilerde yara yeri enfeksiyonunun

daha fazla oldudu belirtilmigtir  (17,15).
Dolayisiyla cerrahi tedavide gecikme ve
sonrasinda olan kolonizasyona bagli olarak

gelisebilecek yara enfeksiyonu ve diger
komplikasyonlar ek antibiyotik gerektirebilir,
hastanede kalis sUresini uzatabilir.

Calismamizda retrospektif olarak vaka alinmasi,
hamilelik ve dodum sonrasi sureg¢ ile ilgili
kayitlardaki eksiklikler, vaka sayimizin fazla
olmamasi en 6nemli kisithliklaridir. Daha fazla
hasta gruplar iceren cok merkezli prospektif
izlem ve kayitlari igceren galismalarin literatir ve
klinik izleme faydasi olacaktir.

SONUG

Spinal disrafizm, bizim gibi gelismekte olan
Ulkelerde hem tibbi hem de sosyal yénden dnemli
bir sorundur. Bu olgularin cerrahi tedavisinde
klinik yanit ve komplikasyonlari en aza indirmek
amacl ilk 24 saat gibi erken dénemde cerrahi
Onerilmektedir. Ayrica calismamizda hidrosefali
ile beraber sant takilmasinin ayri ayri bir iglem
olarak planlamaya goére herhangi bir Ustunligu
olmadigi ortaya konmustur.

MMS'li  hastalarint  yenidogan ddneminden
itibaren optimal yasamsal iglevler ve hayatta
kalmay! etkileyebilecek potansiyel
komplikasyonlar agisindan izlemek multidisipliner
tedavi ve bakim gerektirmektedir.

Cikar Catismasi: Yazarlar aralarinda ¢ikar
catismasi olmadigini beyan etmiglerdir.
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JZL 184 modulates lung injury via occludin and TNF-a in two distinct ards
models

JZL184 iki farkli ards modelinde okludin ve TNF-a yoluyla akciger hasarini modlile
etmektedir
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ABSTRACT

Aim: Acute respiratory distress syndrome (ARDS) is a severe condition with high morbidity and
mortality, currently treated with limited therapeutic options. Recent studies indicate that cannabinoids
could play a protective role in preventing tissue damage, particularly in pulmonary disorders. While
their benefits in lung pathologies are established, the specific role of cannabinoids in ARDS
mechanisms remains underexplored. This study aims to investigate the protective effects of
cannabinoids, particularly through occludin and TNF-a regulation, in two ARDS models with distinct
pathophysiological mechanisms.

Materials and Methods: Rats were treated with LPS for the direct ARDS model or ANTU for the
indirect ARDS model. The inhibitor of MAGL, the enzyme that degrades the endocannabinoid 2-AG,
JZL184, was administered 30 minutes prior to the administration of LPS or ANTU. Lung tissue
samples were collected 24 hours post-LPS and 4 hours post-ANTU administration. Biochemical
analyses, including MDA, SOD and catalase, as well as immunohistochemical evaluations of occludin
and TNF-a, were conducted on lung tissue samples.

Results: Biochemical analysis showed that MDA levels decreased in the ANTU and LPS groups, but
increased in the ANTU+JZL184 group and decreased in the LPS+JZL184 group, reflecting
paradoxical effects. SOD and catalase levels were higher in the ANTU group and lower in the
ANTU+JZL184 group. Immunohistochemical analysis demonstrated the restoration of occludin
expression in both endothelial and bronchiolar cells and a reduction in TNF-a levels following JZL184
treatment.

Conclusion: JZL184 attenuates inflammation and restores occludin expression in both ARDS models,
indicating its possible use as a therapeutic strategy for ARDS.

Keywords: ANTU, JZL184, LPS, occludin, TNF-a

0z
Amag: Akut solunum sikintisi sendromu (ARDS), yliksek morbidite ve mortaliteye sahip ciddi bir
durum olup, su anda sinirli terapétik secenekler ile tedavi edilmektedir. Son veriler, kannabinoidlerin

akciger hastaliklari da dahil olmak lizere doku hasarina karsi Kkoruyucu etkiler sunabilecegini
gbstermektedir.
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Akciger patolojilerindeki faydalari kanitlanmis olsa da kannabinoidlerin ARDS mekanizmalarindaki
6zglil rolli heniiz yeterince arastiriimamistir. Bu ¢alisma, farkli patofizyolojik mekanizmalara sahip iki
ARDS modelinde, ézellikle okludin ve TNF-a yoluyla kannabinoidlerin koruyucu etkilerini incelemeyi
amaclamaktadir.

Gereg ve Yontem: Sigcanlar, dogrudan ARDS modeli igin LPS ile veya dolayll ARDS modeli icin ANTU
ile muamele edilmistir. Endokannabinoid 2-AG'yi pargalayan MAGL enziminin inhibitéri olan JZL 184,
LPS veya ANTU veriimeden 30 dakika &énce uygulanmistir. Akciger doku Ornekleri, LPS
uygulamasindan 24 saat ve ANTU uygulamasindan 4 saat sonra toplanmistir. Akciger doku
o6rneklerinde MDA, SOD ve katalaz olmak (izere biyokimyasal analizler ile okludin ve TNF-a'nin
immiinohistokimyasal degerlendirmeleri yapilimisgtir.

Bulgular: Biyokimyasal analizler, MDA seviyelerinin ANTU ve LPS gruplarinda azaldigini, ancak
ANTU+JZL 184 grubunda arttigini ve LPS+JZL 184 grubunda azaldigini géstermistir, bu da paradoksal
etkileri yansitmaktadir. SOD ve katalaz seviyeleri, ANTU grubunda daha yiiksek ve ANTU+JZL 184
grubunda daha diisiik bulunmugtur. immiinohistokimyasal analizler ise JZL184 tedavisi sonrasinda,
endotel ve bronsiolar hicrelerin her ikisinde okludin ekspresyonunun diizeldigini ve TNF-a
seviyelerinin azaldigini géstermistir.

Sonug: JZL184, her iki ARDS modelinde inflamasyonu hafifletmekte ve okludin ekspresyonunu
diizeltmektedir, bu da ARDS igin terapétik bir yaklasim olarak potansiyelini ortaya koymaktadir.

Anahtar Soézciikler: ANTU, JZL184, LPS, okludin, TNF-a

INTRODUCTION The two main ARDS models commonly used in
experimental research are the lipopolysaccharide
(LPS)-induced direct injury model and the alpha-
naphthylthiourea (ANTU)-induced indirect injury
model. LPS, a potent endotoxin from Gram-
negative bacteria, triggers a strong inflammatory
response and lung damage when administered
intratracheally, mimicking the pathophysiology of
direct lung injury in ARDS (6). In contrast, ANTU,
a rodenticide, induces pulmonary edema and
pleural effusion through indirect mechanisms,
such as endothelial damage, leading to lung
injury that is less directly associated with
inflammation of the alveolar epithelium (7-12).
These models provide valuable insights into the
different mechanisms of ARDS and are essential
for evaluating potential therapeutic agents.

Acute Respiratory Distress Syndrome (ARDS)
represents a severe pulmonary disorder
characterized by widespread alveolar damage,
hypoxemia, and inflammation, often leading to
respiratory failure. It is triggered by a variety of
etiological factors, both direct, such as
pneumonia and aspiration, and indirect, including
sepsis and trauma (1,2). Despite its high
incidence and substantial mortality rate, ARDS
treatment remains limited to supportive care, with
no effective pharmacological treatments yet
established in clinical practice (3,4). This
highlights the critical need for exploring novel
therapeutic strategies to improve outcomes in
ARDS patients.

The role of the endocannabinoid system in a
wide range of diseases has positioned it as a
promising therapeutic target. The discovery of
CB1 and CB2 receptors, and their key ligands,
anandamide and 2-arachidonoylglycerol (2-AG),
as well as associated enzymes, has enhanced
comprehension of this system. Given its
widespread presence in mammals and its
regulatory influence on essential physiological
processes such as immune response and
inflammation, it holds considerable
pharmacological significance (5). This study aimed to investigate the effects of

JZL.184 in two distinct ARDS models, focusing on

The integrity of the alveolar barrier is crucial in
ARDS pathogenesis. Tight junction proteins,
such as occludin, play a pivotal role in
maintaining  this  barrier.  Studies  have
demonstrated that occludin expression is
reduced in ARDS patients, leading to
compromised alveolar barrier function (13).
Therefore, interventions that preserve or restore
occludin expression may offer therapeutic
benefits.
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its potential to attenuate pathological Ilung
damage. Additionally, it seeks to uncover the
underlying mechanisms by which cannabinoids
may offer therapeutic benefits in ARDS by
exploring the roles of occludin, a key protein
essential for maintaining the integrity of epithelial
and endothelial barriers, and tumor necrosis
factor-alpha (TNF-a), a multifunctional cytokine
involved in inflammation.

MATERIALS AND METHODS
Animals

This study utilized 50 male Wistar albino rats,
weighing 200-250 g and aged 3-4 months. The
animals were housed under standard laboratory
conditions, including a controlled temperature of
22 + 2 °C, a 12-hour light/dark cycle, and
unrestricted access to water and a 21% protein
pellet diet.

Experimental Groups

The rats were randomly divided into five distinct
experimental groups, with each group comprising
10 animals (n = 10) (Table-1).

Table-1. Experimental groups.

Groups Dose / Route of Application
1 Control -
2 ANTU 10 mg/kg / i.p.
3 LPS 5 mg/kg / intratracheal

4 ANTU+JZL184 10 mg/kg + 10 mg/kg /i.p./i.p.

5 LPS+JZL184 5 mgkg + 10 mgkg /

intratrachealli.p.

ANTU-Induced Indirect ARDS Model

The indirect ARDS model was established using
ANTU. ANTU was prepared as a suspension in
olive oil at a concentration of 4 mg/ml and
administered to the rats at a dose of 10 mg/kg via
gavage. Four hours after ANTU administration,
the rats were anesthetized with a combination of
ketamine (75 mg/kg, intraperitoneal/i.p.) and
xylazine (5 mg/kg, intramuscular). Following
anesthesia, the animals were euthanized via
exsanguination through the abdominal aorta.
Once bleeding had ceased, the thoracic cavity
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was carefully opened, and pleural effusion was
collected using syringes (7-12).

Intratracheal LPS-Induced Direct ARDS Model

The direct ARDS model was induced using LPS.
Under ketamine (75 mg/kg, i.p.) and xylazine (5
mg/kg, intramuscular) anesthesia, the neck area
of each animal was shaved, and the rats were
placed in a supine position, and a 1 cm midline
incision was made to expose the trachea. LPS,
dissolved in saline, was administered
intratracheally at a dose of 5 mg/kg. Subsequent
to the procedure, the rats were carefully rotated
to a vertical position to ensure the uniform spread
of LPS throughout the lungs. To minimize the risk
of respiratory suppression, the rats were
positioned within their cages at a 45-degree
incline and closely monitored until they had fully
regained consciousness from anesthesia. 24
hours following LPS administration, the rats were
anesthetized and then euthanized for the
assessment of pulmonary effects. The thoracic
cavity was exposed, and the lungs were carefully
removed and cleaned for further examination.

Biochemical Analyses
MDA Measurement (nmol/L)

Malondialdehyde (MDA) levels were determined
using a thiobarbituric acid (TBA)-based assay.
The reaction involved MDA or MDA-like
substances reacting with TBA at 100 °C and pH
2-3 for 15 minutes, producing a pink pigment
with maximum absorbance at 532 nm. Lung
tissue samples were mixed with 10%
trichloroacetic acid to precipitate proteins,
followed by centrifugation. An aliquot of the
supernatant was reacted with 0.67% TBA in a
boiling water bath for 15 minutes. Absorbance
was measured at 532 nm after cooling.
Commercial kits (Rel Assay Diagnostics,
Gaziantep, Turkey) were used for this analysis.

SOD Activity (U/ml)

Superoxide dismutase (SOD) activity, which
catalyzes the dismutation of superoxide radicals
into hydrogen peroxide (H202) and oxygen, was
measured using a xanthine/xanthine oxidase
system to generate superoxide radicals. The
inhibition of the reaction forming a red formazan
dye was used to quantify SOD activity.
Measurements were performed wusing a
biochemistry analyzer (Mindray BS-400, Ohio,
USA).
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Catalase Activity (U/ml)

Catalase activity was assessed by its ability to
decompose H202, with the reaction stopped
using ammonium molybdate. Residual H20:
reacted with ammonium molybdate to form a
yellow complex, quantified by absorbance at 405
nm. Commercial kits (Rel Assay Diagnostics,
Gaziantep, Turkey) were employed for this
analysis.

Immunohistochemical Analyses

Lung tissue sections (5 um) were placed on
charged slides, deparaffinized, and subjected to
antigen retrieval with citrate buffer in a
microwave. After cooling and washing with
phosphate-buffered saline (PBS), endogenous
peroxidase activity was blocked with 3%
hydrogen peroxide, followed by Ultra V block to
reduce non-specific binding. Sections were
incubated with anti-occludin polyclonal primary
antibodies (Thermo Fisher Scientific,
Massachusetts, USA) and anti TNF-a polyclonal
primary antibodies (Thermo Fisher Scientific,
Massachusetts, USA), then treated with a
biotinylated secondary antibody and streptavidin-
peroxidase. Staining was performed using
diaminobenzidine (DAB) chromogen, with
hematoxylin as the counterstain. To minimize
background staining, all slides were processed in
a humidity chamber. Stained sections were
examined under a Zeiss Axio Lab.Al
photomicroscope, with images captured for
further analysis.

The intensity of TNF-a staining was evaluated
using the H-score method. This score was
calculated by multiplying the percentage of
positively stained cells by their staining intensity,
following the formula H-score = }i x Pi, where i
represents the intensity score and Pi the
percentage of cells. For statistical accuracy,
scoring was performed at 40x magnification, with
20 fields analyzed per section.

Chemicals

The following chemicals and reagents were used
in this study: JZL184 (Santa Cruz Biotechnology,
Texas, USA); olive oil (Sigma-Aldrich, St. Louis
and Burlington, MA, USA); ANTU (Sigma-Aldrich,
St. Louis and Burlington, MA, USA); LPS (Sigma-
Aldrich, St. Louis and Burlington, MA, USA);
xylazine  (Bioveta, Komenského, Czech
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Republic); ketamine (Pfizer, New York, USA);
saline (Polifarma, Tekirdag, Turkey).

Statistical Analysis of Data

Statistical analysis was conducted with Jamovi
2.3.21 (Computer Software, retrieved from
https://www.jamovi.org, Sydney, Australia). Data
are presented as mean * standard deviation
(SD). The normality of the data was assessed
using the Shapiro-Wilk test. For variables that
were not normally distributed, the Kruskal-Wallis
test was performed, followed by Mann-Whitney U
tests with Bonferroni correction for post-hoc
analysis. A p-value of < 0.05 was considered
statistically significant.

RESULTS
ELISA

MDA levels

Biochemical analysis revealed a statistically
significant decrease in MDA levels in the lung
tissue of the ANTU group compared to the

control group. Although differences were
observed in the LPS, ANTU+JZL184, and
LPS+JZL184 groups compared to their

respective controls, these changes were not
statistically significant (Figure-1A).

SOD levels

In the ANTU group, SOD levels showed a
significant increase compared to the control
group. Additionally, SOD levels were significantly
higher in the ANTU group than in the LPS group.
In contrast, SOD levels in the LPS group did not
differ significantly from the control group.
Although variations in SOD levels were observed
in the treatment groups (ANTU+JZL184 and
LPS+JZL184) compared to their corresponding
pathology groups, these changes were not
statistically significant (Figure-1B).

CAT levels

Catalase levels exhibited variations in the ANTU
group compared to the control group, with
additional changes observed following JZL184
treatment. However, no statistically significant
differences in catalase levels were observed
between the groups (Figure-1C).

Immunohistochemistry

Occludin staining was observed in bronchiolar
epithelial cells but not in endothelial cells in the
ANTU group. In contrast, the ANTU+JZL184
group showed occludin staining in both

Ege Journal of Medicine / Ege Tip Dergisi



bronchiolar epithelial and endothelial cells.
Similarly, in the LPS group, occludin staining was
present in endothelial cells but absent in
bronchiolar  epithelial cells, whereas the
LPS+JZL184 group exhibited staining in both cell
types (Figure-2). Immunohistochemical analysis
also revealed a significant increase in TNF-a
levels in the alveolar septum and inflammatory
cell cytoplasm infiltrating the expanded
perivascular areas of the ANTU group. Similarly,
the LPS group showed elevated TNF-a protein
expression in the bronchiolar epithelium and in
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the inflammatory cell cytoplasm infiltrating the
alveolar septum and bronchiolar adventitia. In
contrast, the ANTU+JZL184 and LPS+JZL184
treatment groups showed a statistically significant
decrease in TNF-a staining compared to their
respective pathology groups, indicating a
potential therapeutic effect (Figure-3).
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Figure-1. A-C: Biochemical parameters in ARDS models induced by ANTU and LPS, and the effects of JZL184
treatment. Data are shown as mean + SD. * : Statistically significant difference between the ANTU and control
groups (p < 0.05), ** : Statistically significant difference between the ANTU and LPS groups (p < 0.05).

Occludin

Control

ANTU+JZL184 LPS

LPS+JZL184

Figure-2. A-J. Immunohistochemical staining images to determine occludin staining intensity in all groups.
Positive staining areas are indicated by arrows. Scale bar: 10 ym
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CONTROL

Figure-3. A-E. Immunohistochemical staining images to determine TNF-a expression in all groups.

A: Control, B: ANTU, C: ANTU+JZL184, D: LPS, E: LPS+JZL184. Positive staining areas are indicated by arrows. Scale

bar: 50um. F: Statistical analysis of TNF-a levels across the groups. Data are shown as mean + SD.
* . Statistically significant difference between the ANTU and control groups (p < 0.05),

** . Statistically significant difference between the LPS and control groups (p < 0.05),

**x : Statistically significant difference between the ANTU and ANTU+JZL184 groups (p < 0.05),
*rxx o Statistically significant difference between the LPS and LPS+JZL184 groups (p < 0.05).

DISCUSSION

This is the first experimental study to
demonstrate the efficacy of JZL184, which

enhances endocannabinoid activity, in two
distinct ARDS models by exerting anti-
inflammatory and barrier-protective  effects

through the modulation of TNF-a and occludin
expression. The findings indicate that JZL184
administration influences biochemical markers
and immunohistochemical characteristics in
these ARDS models, suggesting its potential
therapeutic role in lung injury.

The endocannabinoid system (ECS), which plays
a key role in regulating various physiological
processes, has emerged as a promising target
for treating inflammatory diseases, including lung
injury. Cannabinoids, the active compounds
derived from cannabis, have shown protective
effects in conditions such as cardiovascular,

autoimmune, and neurodegenerative disorders
(14-19). ECS, which includes cannabinoid
receptors and a variety of metabolites, plays a
role in regulating immune cell activity.
Cannabinoid receptors are widely expressed in
human lung tissue (20). Evidence has
demonstrated the presence of CB1 and CB2
receptors within lung tissues, and a variety of
cells release endocannabinoids in response to
inflammatory stimuli. However, the exact effects
of these endocannabinoids on lung health and
diseases remain unclear. Research has indicated
that the CB2 receptor agonist JWH133 has the
potential to alleviate lung-associated
complications in pathologies like RSV infection in
both human and mouse models (21), can exert a
protective effect against pulmonary fibrosis (22),
can reduce the damage in brain, lung, liver and
heart (23). These findings suggest that
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cannabinoids could be promising agents for
treating lung diseases.

Endocannabinoids such as 2-AG and
anandamide are metabolized by the enzymes
monoacylglycerol lipase (MAGL) and FAAH,
respectively (24). JZL184, an inhibitor of MAGL,
enhances 2-AG levels and exerts notable anti-
inflammatory effects (25). Preclinical models
have shown that JZL184 can also protect tissues
from oxidative damage and exert anti-apoptotic
effects (26,27).

In the current study, biochemical analysis
showed a significant decrease in MDA levels in
the ANTU and LPS groups compared to the
control. In the treatment groups, MDA levels were
altered but not significantly. SOD levels were
higher in the ANTU group but reduced with
JZL184 treatment. Catalase levels were elevated
in the ANTU group but decreased with JZL184
treatment, with no significant differences between
groups.

The changes in MDA levels across treatment
groups reflect complex interactions between
oxidative stress and JZL184's therapeutic effects.
In the ANTU and LPS groups, MDA levels
decreased. However, MDA levels increased in
the ANTU+JZL184 group, suggesting a
compensatory response or altered balance
between oxidative stress and antioxidant
defenses. In contrast, MDA levels decreased in
the LPS+JZL184 group, indicating the potential
anti-inflammatory and antioxidative properties of
JZL184 in LPS-induced pathology. These
differences may be attributed to the varying
effects of JZL184 in ARDS models, which are
based on different pathophysiological
mechanisms.

Regarding SOD, the significant increase in the
ANTU group reflects a compensatory response to
oxidative stress, while the reduction in SOD
levels in the ANTU+JZL184 group suggests that
JZL184 modulates oxidative stress and
inflammatory responses, reducing the need for
excessive antioxidant production. In the LPS
group, SOD levels remained unchanged, but the
decrease in the LPS+JZL184 group, similar to
the ANTU+JZL184 group, suggests that JZL184
modulates oxidative stress, reducing the need for
excessive antioxidant production. Elevated
catalase levels in the ANTU group indicate an
adaptive response to oxidative stress. The
decrease in catalase levels in the ANTU+JZL184
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group suggests that JZL184 modulated oxidative
stress, reducing the need for excessive
antioxidant production, similar to its effect on
SOD in the same group. Catalase levels in the
LPS and LPS+JZL184 groups remained similar
to the control, indicating that JZL184 had less
effect on catalase activity in LPS-induced lung
injury.

Occludin, a critical tight junction protein, plays a
vital role in maintaining the integrity of the
alveolar barrier. Reduced expression of occludin
is associated with lung injury, and restoring its
function has been shown to enhance barrier
integrity and mitigate lung damage (28).
Moreover, infections can further impair the
alveolar epithelial barrier by decreasing the
expression of occludin in lung tissues,
exacerbating lung injury (29).

In the present study, occludin expression
displayed distinct patterns in the two ARDS
models. In the ANTU group, which primarily
causes endothelial damage, occludin staining
was present in bronchiolar epithelial cells but
absent in endothelial cells, indicating a disruption
in endothelial cell integrity. Conversely, in the
LPS group, which induces direct epithelial injury,
occludin staining was observed in endothelial
cells but significantly reduced in bronchiolar
epithelial cells, highlighting epithelial damage and
compromised barrier function in this model.

JZL184 treatment demonstrated a therapeutic
effect by restoring occludin expression in both
cell types. In the ANTU+JZL184 group, occludin
staining was observed in both bronchiolar
epithelial and endothelial cells, suggesting that
JZL184 mitigates the endothelial damage and
preserves barrier integrity in the context of
indirect lung injury. Similarly, in the LPS+JZL184
group, occludin expression was restored in both
cell types, indicating the protective role of JZL184
in maintaining epithelial integrity in the direct lung
injury model induced by LPS. These findings
highlight that JZL184 treatment corresponds to
the unique pathophysiological mechanisms of
each model, offering potential therapeutic
benefits by enhancing occludin expression and
promoting the preservation of the tight junctions.

The current observation aligns with the findings
of Wang et al, who reported that JZL184
enhances occludin expression in intestinal
models, thereby improving epithelial barrier
function under stress (30). Similarly, cannabidiol
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treatment in the traumatic brain injury model has
been shown to increase occludin expression and
improve blood-brain barrier integrity, highlighting
its potential for neuroprotection by restoring tight
junction proteins (31). JWH133, a cannabinoid
receptor 2 agonist, treatment in an intracerebral
hemorrhage model has also been demonstrated
to enhance occludin expression and protect the
blood-brain barrier, suggesting that cannabinoid-
based therapies may play a crucial role in
maintaining barrier function across various injury
models (32).

TNF-a is a versatile cytokine that plays a critical
role in numerous physiological and pathological
processes, including inflammation, cell death,
and immune system regulation (33). Elevated
levels of TNF-a have been implicated in the
pathogenesis of various pulmonary inflammatory
diseases, including asthma, chronic obstructive
pulmonary disease, and ARDS, by inducing
inflammation and tissue remodeling, and its
inhibition has been shown to enhance lung
function (34, 35).

The current analysis revealed distinct patterns of
inflammation in the two ARDS models. In the
ANTU group, elevated TNF-a levels in the
alveolar septum and inflammatory cell cytoplasm
infiltrating the expanded perivascular areas
indicated enhanced endothelial damage,
consistent with previous findings of TNF-a’s role
in endothelial dysfunction. Similarly, the LPS
group showed increased TNF-a expression in the
bronchiolar epithelium and in the inflammatory
cell cytoplasm infiltrating the bronchiolar
adventitia, highlighting epithelial damage and
disruption of the epithelial barrier.

Notably, treatment with JZL184 resulted in a
significant reduction in TNF-a staining in both the
ANTU+JZL184 and LPS+JZL184 groups. This
suggests that JZL184 may reduce TNF-a-
mediated inflammation and protect against
endothelial and epithelial damage in these lung
injury models. These findings suggest that
JZL.184 holds therapeutic potential by modulating
the inflammatory response and preserving barrier
integrity in ARDS.

Several studies have demonstrated the anti-
inflammatory effects of cannabinoids, particularly
in reducing TNF-a levels. It has been reported
that cannabinoids, including CBD, decrease TNF-
a and modulate inflammation (36). Similarly, a
systematic review showed that both CBD and
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CBD+THC combinations significantly lower TNF-
a levels (37). Additionally, cannabinoids have
been proposed to inhibit TNF-a and other
inflammatory cytokines, providing potential
therapeutic benefits in inflammatory diseases like
SARS-CoV-2 infection (38). Furthermore,
network-based pharmacology analysis identified
key targets such as NF-kB and TNF receptors in
the anti-inflammatory activity of cannabinoids,
supporting  the therapeutic  potential  of
compounds like JZL184 (39).

Occludin’s  expression and function are
influenced by inflammatory cytokines, particularly
TNF-a, which disrupts tight junctions by reducing
occludin expression or altering its cellular
localization. This leads to increased permeability
and contributes to the development of various
inflammatory diseases, such as inflammatory
bowel disease, neuroinflammation, and sepsis.
Modulating the occludin-TNF-a interaction
presents a potential therapeutic strategy to
restore barrier integrity and mitigate disease
progression. Recent studies have demonstrated
the protective effects of baicalin and rhubarb
extract through the modulation of occludin and
TNF-a. In aging mice with periodontitis, baicalin

upregulated occludin  expression, restored
intestinal permeability, and reduced TNF-a
levels, thereby alleviating inflammation and

preventing alveolar bone loss (40). Similarly,
rhubarb extract improved intestinal barrier
integrity by increasing occludin expression and
decreasing TNF-a levels in both serum and the
hippocampus, offering protection against cerebral
ischaemia-reperfusion injury (CIRI) (41).

In the current study, in accordance with the
results presented above, a decrease in occludin
protein levels was observed in parallel with
elevated TNF-a levels in the pathological groups.
This change was reversed following treatment
with JZL184, highlighting the therapeutic potential
of targeting the occludin-TNF-a pathway for the
treatment of ARDS.

Limitations

Due to budget constraints, a single dose of
JZL184 was used in the present study, which
limits the ability to assess its dose-dependent

effects.  Additionally,  various  parameters
potentially involved in the distinct
pathophysiological ~mechanisms  underlying

ARDS could not be investigated for the same
reason. Further research is needed to fully
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elucidate these mechanisms and the therapeutic

CONCLUSION

The results of this study demonstrate that JZL184
offers significant therapeutic potential in both
direct and indirect ARDS models. By enhancing
occludin expression and restoring tight junction
integrity in both endothelial and epithelial cells,
JZL184 mitigates tissue damage and supports
the preservation of alveolar barrier function.
Additionally, JZL184 reduces TNF-a expression,
thereby attenuating inflammation and
consequently contributing to the protection of
lung tissue. The differential effects observed in
the ANTU- and LPS-induced injury models
underscore the importance of understanding the
specific pathophysiological mechanisms
underlying ARDS. Overall, these findings suggest
that JZL184 could be a promising candidate for
further exploration in the treatment of ARDS,

potential of JZL184 in lung injury.

offering a novel approach to managing this
challenging and complex condition.
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Nefrolitiazis tanisinda ve bobrek tasi boyut dl¢giimiinde ultrasonografinin
etkinligi ve dogrulugu

The effectiveness and accuracy of ultrasound in the diagnosis of nephrolithiasis and
measurement of kidney stone size

ilhan Hekimsoy

Ege Universitesi Tip Fakiiltesi Radyoloji Anabilim Dali, izmir, Tiirkiye

0z
Amag: Ultrasonografinin (US) nefrolitiazis tanisinda ve bdbrek tasi boyut élgimindeki dogrulugunun
ortaya konulmasi amaglanmistir.

Gereg ve Yontem: Uriner sistem US tetkiki yapilan ve 1 ay icerisinde kontrastsiz bilgisayarl tomografi
(BT) tetkiki de mevcut olan 193 hastanin, US raporlari ve BT gorintileri retrospektif olarak incelenerek
uriner sistemde tas varligi ve boyutu, lokalizasyonu ve eslik eden hidronefroz varligi yoniinden
degerlendirilip tas boyutlari karsilastirildi.

Bulgular: Calismaya dahil edilen 193 hastada, US veya BT ile 318 adet tas tespit edildi. BT ile
saptanan taslarin %57,7’si US ile saptanabildi.

Tas boyut 6lgimi igin karsilastirma 141 (%73,0) hastada, hem US hem de BT'de saptanan 183
(%57,5) tas icin yapildi. Taslarin boyut ortalamasi US ve BT’de sirasiyla 8,78+6,79 mm ve 8,11+6,72
mm olarak ol¢lldd (p<0,001). Taslar boyutlarina gore (£5 mm, >5-10 mm, >10 mm) ayrildiginda tim
gruplarda US ile Olgilen ortalama tas boyutlari BT'ye kiyasla daha buyUkti (p<0,001). Tim
lokalizasyonlarda US ile olgllen tas boyutu BT'ye gére daha blyik saptandi (p<0,05). Hidronefrozu
olan ve olmayan her iki grupta da tas boyutu US’de, BT’den daha buyuk 6lgildi (p<0,001). Hastalarin
%15’inde US’de tas boyutu klinik olarak anlamli kabul edilen Smm’den biyuk dlgulurken; BT'de bu
taslarin 5mm’den kuguk oldugu anlasildi.

Sonug: US’nin nefrolitiazis tanisinda duyarhligi BT’ye kiyasla daha dusik olup, boyut, yerlesim ve
hidronefroz varligina gore taslar incelendiginde tim gruplarda US ile oélgllen tas boyutlari BT'ye
kiyasla daha bliylk olarak saptandi.

Anahtar Sozcukler: Bilgisayarli tomografi, Boyut dlcimu, Dogruluk, Nefrolitiazis, Ultrasonografi
ABSTRACT

Aim: To demonstrate the accuracy of ultrasonography (US) in diagnosing nephrolithiasis and
measuring stone size.

Materials and Methods: Overall, 193 patients who underwent a urinary system US examination and
had a non-contrast computed tomography (CT) examination within one month were retrospectively
reviewed. US reports and CT images were evaluated regarding the presence and size of stones, their
localization, and accompanying hydronephrosis, and the stone sizes were compared.

Results: In 193 patients included in the study, 318 stones were detected by US or CT. Overall, 57.7%
of stones identified by CT were detected using US. The stone sizes measured were compared for 183
(57.5%) stones detected by both US and CT in 141 (73.0%) patients.
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The mean stone size was 8.78+6.79 mm in US and 8.11£6.72 mm in CT (p<0.001). The mean stone
sizes measured by US were higher than those measured by CT in all size groups (€5 mm, >5-10 mm,
>10 mm; p<0.001) and all localizations (p<0.05). In both groups with and without hydronephrosis, the
stone size measured by US was higher than that measured by CT (p<0.001). In 15% of the patients,
the stone size measured by US was greater than 5mm, considered clinically significant, while on the

CT, these stones were smaller than 5mm.

Conclusion: US is less sensitive than CT in diagnosing nephrolithiasis, and when stones are
assessed per size, location, and the presence of hydronephrosis, the stone sizes measured using US
were found to be larger than those measured using CT in all groups.

Keywords: Computed tomography, Accuracy, Nephrolithiasis, Size measurement, Ultrasonography

GiRiS

Urolitiazis oldukga sik gériilen bir hastalik olup
yasam boyunca insidansi %12 ve rekirrens orani
%50 olarak bildirilmistir (1). Uriner sistem tagi
tanisinda altin standart gérintlileme yontemi
kontrastsiz bilgisayarll tomografi (BT) olup,
duyarlihk ve o&ézgulliga sirasiyla %95-98 ve
%94-99 olarak bildirilmistir (2). Ancak goérece
yuksek maliyet ve iyonizan radyasyon riski
kontrastsiz BT'nin yaygin kullaniminin dnlne
gegmektedir (2). Bunun tersine kolay ulasilabilir
olmasi, iyonizan radyasyon igermemesi ve
gbrece ucuz olmasi nedeniyle ultrasonografi (US)
bobrek tasi tanisinda ilk goérintileme yontemi
olarak yaygin bir sekilde kullaniimaktadir. US’nin
tas saptamadaki duyarllik ve 6zglllik degerleri
calismalar arasinda farklilik gdstermekte olup,
sirasiyla  %24-81 ve %83-100 araliginda
bildirilmistir (3).

Bobrek tasinin boyutu Kklinik yénetimde esas
karar verdirici etken olarak kabul edilmektedir.
Tasin  boyutu 5mm’den daha kiguk ise
kendiliginden disme olasiligi daha yuksek olup,
Coll ve ark. tasin boyutu arttikga kendiliginden
disme olasiliginin azaldigini géstermistir (4). Bu
nedenle hangi hastalarin goézlem ile takip
edilecegi ve hangi hastalara uUrolojik girigsim
yapilacagi kararinda tas boyutunun dogru tespiti
kritik 6Gneme sahiptir.

Bdbrek tasi tanisinda US'nin etkinligini ve boyut
Olcimindeki dogrulugunu degerlendiren
calismalar farkli sonuglar ortaya koymustur (5—
15). Bu calismada US’nin nefrolitiazis tanisinda
ve bobrek tasi boyut Olgimindeki etkinligi ve

dogrulugunun saptanmasi, hangi boyuttaki
taglarin  US ile dogru bir gsekilde tespit
edilebileceginin ve hangi hastalarin  klinik
ybnetiminde US’nin  etkin ve dogru bir
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goérintileme yontemi
konulmasi amaglanmistir.

GEREG ve YONTEM

oldugunun ortaya

Etik kurul onayi alindiktan sonra, Aralik 2022 ile
Temmuz 2024 tarihleri arasinda izmir Torbali
Devlet Hastanesi’nde ayni radyoloji hekimi
tarafindan driner sistem US tetkiki yapilan ve
ayni hastanede 1 ay igerisinde kontrastsiz BT
tetkiki de mevcut olan 18 yas Uzeri hastalar
retrospektif olarak incelendi. US ve BT tetkikleri
arasinda gegen surede tasi dusurdugu veya bu
sirede bobrek tasi icin cerrahi girisim
uygulandidi tespit edilen olgular, US ve BT tetkiki
yetersiz tanisal kalitede olan olgular ve geyik
boynuzu seklinde tasi olan olgular ¢alismadan
diglandi. Ayrica US veya BT tetkiklerinde ureter
tasi tespit edilen ancak iki tetkik arasindaki
strenin 1 haftadan daha uzun oldugu olgular
interval dbnemde ureter taglarinin yer degistirme
olasiligina bagll olusacak birebir karsilastirma
glcligu nedeniyle calismaya dahil edilmedi. Bu
kriterler dogrultusunda ¢alismaya 193 hasta dahil
edildi.

Hastalarin demografik 6zellikleri incelendikten
sonra, kontrastsiz BT  goruntuleri us
raporlarindan bagimsiz olarak degerlendirildi.
Uriner sistemde tas varligi ve boyutu,
lokalizasyonu (bdbrek Ust pol, orta kesim, alt pol,
Ureter ve mesane) ve eslik eden hidronefroz
varligi kaydedildi. Saptanan tasin en wuzun
boyutuna, yumusak doku penceresine gore daha
dogru sonug¢ verdigi bildirilen kemik penceresinde
(16), U¢ planda (aksiyal, koronal ve sagittal)
yapilan o6l¢imler sonucunda karar verildi. BT
tetkiki 16 kesiti Toshiba Alexion (Toshiba
Medical Systems Corporation, Houston, TX)
cihazinda 120 KVp ile otomatik tip akim
modulasyonu kullanilarak elde olundu. Hastalarin
uriner sistem US tetkikleri ayni radyolog
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tarafindan LOGIQ™ P7 (GE Healthcare,
Chicago, IL) ve V8 (Samsung Medison, Seoul,
Korea) cihazlarinda sirasiyla 1-5 ve 1-7 MHz
konveks prob kullanilarak gergeklestirildi. US
raporunda tas varligi ve en uzun boyutu, tasin
lokalizasyonu, eslik eden hidronefroz varhgi
ayrintih sekilde kaydedildi ve raporlar elektronik
hasta kayit sisteminde arsiviendi.

BT goéruntulerinden elde edilen tas boyutlari altin
standart kabul edilerek, US raporlarindaki veriler
ile kargilastirildi. Ayrica taglar boyutlarina gére 3
gruba (5 mm, >5-10mm, >10 mm) ayrilarak her
bir alt grup icin US ve BT’'de saptanan tas boyut
ortalamalari birbiri ile kiyaslandi. Benzer analiz
tas lokalizasyonuna goére de yapildi. Eslik eden
hidronefrozun tas boyut 6lgimi Gzerindeki etkisi
de mesanede saptanan 5 adet tas analiz disi
birakilarak degerlendirildi.

istatistiksel analiz ‘Statistical Package for the
Social Sciences’ (SPSS) versiyon 26 kullanilarak
yapildi. Normallik analizinde Shapiro-Wilk testi
kullanildi. NUumerik veriler ortalama ve standart
sapma, ortanca (geyrekler arasi aralik) veya sayi
(ytzde) degerleri olarak verildi. Normal dagilan
veriler bagimh veya bagimsiz gruplar t testi,
normal dagilmayan veriler Wilcoxon igaretli
siralar testi ile karsilastinldi. Kategorik veriler
arasindaki iligki ise ki kare testi ile degerlendirildi.
P degeri 0,05'in altinda saptanir ise istatistiksel
olarak anlamli kabul edildi.

BULGULAR

Calismaya dahil edilen 193 hastada, US veya BT
ile 318 adet tas tespit edildi. Hastalarin 125
(%64,8)'i erkek ve 68 (%35,2)i kadindi. Tim
hasta grubunun yas ortalamasi 48,17 + 16,72
olup, kadin ve erkeklerin yas ortalamalari
arasinda anlaml farkhihk saptanmadi (p=0,244).
Kadin ve erkeklerde US ile tas saptanma
oraninda anlami farkllik izlenmedi (p=0,71). BT
tetkiki altin standart olarak kabul edildiginde,
US'nin tas saptamadaki duyarlihdi %57,7 (glven
araligi (GA); %52,1-%63,2) olarak bulundu.

Tas boyut 6lgimu icin kargilastirma 141 (%73)
hastada hem US hem de BT’de saptanan 183 tas
icin yapildi. Sadece bir goruntileme yontemi ile
tas tanisi alan 52 (%27) hastadan, 51

376

(%26,4)inde tas yalnizca BT ile saptanirken, 1
(%0,6) hastada ise US’de saptanan tas BT ile
izlenmedi. US ile saptanamayan 134 tasin
ortalama boyutu 3,7+1,7 mm olarak 6l¢ildi. Hem
US hem de BT'de saptanan taslarin boyut
ortalamasi US ve BT’de sirasiyla 8,78+6,79 mm
ve 8,11+6,72 mm olarak o6l¢ildi (p<0,001). Bu
taslarin 118 (%64,5)'i US’de BT’ye kiyasla daha
buylk, 54 (%29,5)0 BT ile ayni ve 11 (%6,0)
BT'den daha klguk boyutta él¢ulda.

Taslar boyutlarina gére G¢ gruba (5 mm, >5-10
mm, >10 mm) ayrildi. US’nin duyarlihdi, <5 mm
boyutlu taslar igin %42,3 (GA; %35,3—%49,6),
>5-10 mm boyutlu taslar icin %72,0 (GA; %60,4—
%81,8), >10 mm olan taslar icin ise %100 (GA;
%92,5-%100) olarak bulundu. Her G¢ grupta da
US ile olgllen ortalama tas boyutlari BT'ye
kiyasla istatistiksel anlaml olarak buylk saptandi
(p<0,001, Tablo-1, Sekil-1 ve 2).

US'nin tas ydnetimi Uzerine etkisini arastirmak
icin klinik olarak anlamli tas boyutu ©6nceki
calismalara benzer sekilde 5 mm olarak kabul
edildi (4,9). Bu boyuttan kiiglk taslara herhangi
bir islem 6nerilmedigdi g6z 6nune alindiginda, 21
(%15,0) hastada, US ile 5 mm’den buyuk boyutta
Olgllen 21 (%11,5) adet tasin BT'de 5 mm’den
daha klguk boyutta oldugu anlasildi.

Tas yerlesiminin boyut élgimu Uzerindeki etkisini
arastirmak icin, taslar yerlesimine gére dort gruba
ayrildi (bobrek Ust pol, orta kesim, alt pol, Ureter-
mesane). Tum lokalizasyonlarda US ile olgllen
tas boyutu BT’ye gore istatistiksel olarak anlamh
Olgude buyuk saptandi (p<0,05, Tablo-2).

Hidronefrozun tas boyut o6lcimi Gzerindeki
etkisini aragtirmak icin bobrek ve Ureter yerlesimli
178 adet tas icin yapilan analizde, hidronefrozu
olan ve olmayan her iki grupta da US ile dlgulen
tas boyutu BT ile olcllenden daha buyuk
saptandi (p<0,001, Tablo-3). Hidronefrozun eslik
ettigi 57 tas boyutuna gére 3 gruba (<5 mm, >5—
10 mm, >10 mm) ayrildidinda, <56 mm ve >10 mm
boyutlu taglarda US ile dlgllen tas boyutu BT’ye
kiyasla anlamli dlgiide bluylk saptandi (sirasiyla
p<0,001 ve p=0,04, Tablo-4). Boyutu >5-10 mm
olan taslarda ise 6lgiimler arasinda anlaml fark
izlenmedi (p=0,114).



Tablo-1. Hem ultrasonografi (US) hem de bilgisayarli tomografide (BT) saptanan taslarin boyuta gére dagilimi ve
boyut ortalamalari.

Tas boyut Tas sayl US'de boyutu  BT'de dlglilentas  US'de Olglilentas p
daha buyik boyut ortalamasi boyut ortalamasi
olgllen tas
sayisl
<5mm 82 (44,8) 52 (63,4) 3,63+0,98 4,33+1,20 <0,001
>5-10mm 54 (29,5) 32 (59,3) 7,2611,40 7,83+1,72 <0,001
>10mm 47 (25,7) 34 (72,3) 16,89+7,70 17,637,74 <0,001

Veriler sayi (ylizde) veya ortalama + standart sapma olarak gdsterildi.

T 0.70 cm

A B

Sekil-1. 69 yasinda erkek hastanin yan agrisi nedeniyle yapilan uriner sistem ultrasonografi tetkikinde sol bébrek
st pol diizeyinde 7 mm boyutunda tas ile uyumlu hiperekoik lezyon izlendi (1A). Olgunun elde olunan bilgisayarli
tomografi tetkikinde ise sagittal gériintllerde Ust polde yerlesim gosteren tasin boyutu 5,9 mm olarak 6l¢ildi (1B).

Tl 1.70 cm N S

™
: B

A B

Sekil-2. 72 yasinda erkek hastanin hematlri nedeniyle elde olunan Uriner sistem ultrasonografi tetkikinde sol
Ureter orta kesim dizeyinde 17 mm boyutunda tas ile uyumlu hiperekoik lezyon ve arkasinda akustik gélgelenme
izlendi (2A).
Olgunun 1 hafta icerisinde elde olunan bigisayarli tomografi tetkikinde ise sagittal goérintllerde psoas kasi
anterior komsulugunda ureter orta kesim dizeyinde tas ile uyumlu hiperdens lezyonun boyutu 16 mm olarak
olguldi (2B).
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Tablo-2. Hem ultrasonografi (US) hem de bilgisayarli tomografide (BT) saptanan taslarin yerlesimine goére
dagihmi ve boyut ortalamalari.

Tas yerlesimi Tas say US’'de boyutu  BT'de dlglilentags  US’de dlglilentas p

daha buyik boyutu boyutu

olgllen tas

sayisl
Bdobrek Ust pol 14 (7,7) 8 (57,1) 6,51+£3,15 7,25£3,19 0,002
Bobrek orta kesim 66 (36,1) 48 (72,7) 5,75 (3,0-13,63) 6,25 (4,0-14,25) <0,001
Bdbrek alt pol 55 (30,0) 38 (69,1) 7,1614,37 7,8414,39 <0,001
Ureter-mesane 48 (26,2) 24 (50,0) 8,07+4,98 8,5245,16 0,003

Veriler sayi (ylizde), ortalama + standart sapma veya ortanca (geyrekler arasi aralik) olarak gosterildi.

Tablo-3. Hem ultrasonografi (US) hem de bilgisayarli tomografide (BT) bdbrek veya Ureterde saptanan taslarin
eslik eden hidronefroz varligina gére dagilimi ve boyut ortalamalari.

Hidronefroz Tas sayi BT'de dlgiilen tas US’de olgllen tas p
boyutu boyutu

Var 57 (32,0) 7,18+4,55 7,68+4,58 <0,001

Yok 121 (68,0) 5,5 (3,85-10,25) 6,5 (4,75-11,25) <0,001

Veriler sayi (ylzde), ortalama + standart sapma veya ortanca (geyrekler arasi aralik) olarak gosterildi.

Tablo-4. Hem ultrasonografi (US) hem de bilgisayarli tomografide (BT) bdbrek veya lreterde saptanan ve
hidronefroz eglik eden taglarin boyuta gére dagihmi ve boyut ortalamalari.

Tas boyut Tas sayi BT'de dlgllen tas US’de Olglilen tag p
boyut ortalamasi boyut ortalamasi
<5mm 26 (45,6) 3,67+0,95 4,30+1,06 <0,001
>5-10mm 17 (29,8) 6,83+0,86 7,10£1,25 0,114
>10mm 14 (24,6) 14,12+3,15 14,67+3,25 0,040
Veriler sayi (ylizde) veya ortalama + standart sapma olarak gosterildi.
TARTISMA calismasina benzer sekilde %57,7 olarak
bulundu. US’'nin tas saptamadaki duyarlihgi

Bu calismada US’nin tas saptamadaki duyarliligi

BT'ye kiyasla diisiik olup, tas boyutu ile iliskili Ozellikle 5mm’den kiguk boyutlu taslarda disik

bulundu. Taslar boyut, yerlesim ve eglik eden
hidronefroz varligina gore gruplara ayrildiginda,
tim gruplarda US’de olgllen tas boyutu BT'ye
kiyasla istatistiksel olarak anlamh &lglide buyuk
saptandi.  Hidronefrozun eslik ettigi taslar
boyutlarina goére gruplandirildiginda yalnizca
boyutu >5-10 mm olan taslarda US ile BT boyut
Olctimleri arasinda anlamli fark izlenmedi.

Literaturdeki galismalarda US’nin Uriner sistem
taslarini saptamadaki duyarhhg %12 ile %93
arasinda degiskenlik gostermekte olup (10,17),
bu calismada Ganesan ve ark.’nin (10)
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olmakla birlikte, daha dnceki ¢alismalara (10,11)
paralel sekilde bu galismanin sonuglarinda da
ortaya konuldugu gibi tas boyutu arttikga US’nin
duyarlih@r da artmaktadir.

US’nin tas boyut olcimindeki dogrulugunu
aragtiran calismalar arasinda gorus birligi
bulunmamaktadir  (6,8-12,15).  Calismalarin

¢ogunda US’nin BT’ye kiyasla tas boyutunu 2—-3
mm kadar daha buylk ol¢tigu bildirilse de (6,8—
10), bazi calismalarda istatistiksel olarak anlaml
fark bulunmazken (11,12), Abbas ve ark.nin
calismasinda ise US’nin BT'ye kiyasla tas
boyutunu daha kuguk ol¢tugu tespit edilmistir
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(15). Bu galismada ise tas boyutuna, yerlesimine
ve hidronefroz varligina goére olusturulan tim alt
gruplarda US ile oélgllen boyutlar BT’ye kiyasla
daha bayik  olarak  élcildi.  Yalnizca
hidronefrozun eslik ettigi taslar boyutlarina gére
de siniflandinidiinda boyutu >5-10 mm olan
taslarda US ile BT boyut ortalamalar arasinda
anlamli  fark izlenmedi. BT’deki tas boyut
6lgumindn tasin cinsinden etkilendigini gosteren
deneysel calisma mevcut olup (16), ¢alismalar
arasindaki bu fark secilen 6rneklemlerdeki
taslarin cinsi ve kullanilan US cihazlari arasindaki
fark nedeniyle ortaya ¢ikmis olabilir.

Nefrolitiazisin klinik yonetiminde, tas boyutu en
onemli belirleyici faktor olarak kabul edilmektedir.
Yapilan c¢alismalarda 5 mm’den daha kulguk
boyutlu taslarin kendiliinden disme olasiliginin
daha yiksek oldugu gosterilmistir (4). Bu nedenle
tas boyutunun US ile dogru olarak o6lg¢limesi kritik
role sahiptir. Bu ¢alismada tasi hem US hem de
BT de tespit edilen hastalarin %15’inde, BT ile
gozlem onerilecek iken, US’de ise bu hastalarda
tas boyutu 5 mm’den daha blyuk dlguldi. Benzer
sekilde, Ganesan ve ark.’nin galismasinda bu
oran %14, Sternberg ve ark.’nin galismasinda ise
%26,8 olarak bildirilmistir.

Nefrolitiazis tanisinda BT altin standart olmakla
birlikte, iyonizan radyasyon maruziyeti ve gérece
yuksek maliyeti nedeniyle US gibi alternatif
goéruntileme ydntemlerine ihtiya¢ duyulmaktadir.
Ancak US’nin duyarhliginin dusuk olmasi ve tas
boyut élgcimindeki dedisken dogruluk degerleri
nefrolitiazis tanisinda ve klinik ydnetiminde tek
basina kullaniminin éniine ge¢mektedir. Yapilan
calismalarda standartlastinimis tas yazilim
programlarinin  kullaniimasi ve tasin kendisi
yerine godlgesinin Ol¢ilmesi, US'nin tas boyut
olcimindeki dogrulugunu arttirdid1 gdsterilmistir
(8,18). Ayrica yazihmlar aracilig! ile hesaplanan

Kaynaklar

tas hacminin, yalnizca lineer boyut &lgiimine
gore tasin kendiliginden dusip dismeyecegini
daha dogru bir sekilde 6n gordigu bildiriimektedir
(13). Cesitli gdérintu  yeniden yapilandirma
modelleri ile US’nin tas boyut élcimindeki hata
payinin azaltilabilecedi de gdsterilmigtir (14).

Bu calismanin retrospektif dizaynina ek olarak
cesitli - sinirliiklari  mevcuttur. Bunlardan ilki
verilerin tek merkezden elde edilmesi bulgularin
genellenebilirligini kisitlamaktadir. ikinci olarak
verilerin  tek radyoloji  hekimi  tarafindan
degerlendiriimesi, gdzlemciler arasi uyumun
degerlendiriimesine engel olmustur. Benzer
sekilde gozlemci i¢i uyum da bu c¢alismada
degerlendiriimemistir. Son olarak, boyut 6lgimi
Uzerine etkisi oldugu bildirilen tas natdrinin
analiz edilmemesi de ¢alismanin bir diger
sinirlih@idir.

SONUG

Bobrek tasi boyutunun dogru dlgimi hastalarin
klinik ybnetiminde ©6nemli role sahiptir. Bu
calismada boyut, vyerlesim ve eslik eden
hidronefroz varligina gore taslar incelendiginde
tim gruplarda US ile olgllen tas boyutlari BT'ye
kiyasla daha buyldk olarak saptandi. Buna ek
olarak, US’nin nefrolitiazis tanisinda duyarliligi
BT'ye kiyasla daha distk olup, bu fark <5 mm
boyutlu taslarda en belirgin olarak izlendi.
Tanimlanan bu siniriiklar US’nin nefrolitiazis
tanisi ve klinik ydnetiminde tek basina kullanimini
engellemektedir. Son yillarda kullanilan cesitli
yazilimlar ve goruntl yeniden yapilandirma
modelleri ise US’nin tag boyut o6lcimuindeki
dogrulugunu artirmada umut vadetmektedir.
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Neurobehavioral effects of maternal triphenyl phosphite exposure: A
comparative experimental study using the valproic acid model

Maternal trifenil fosfit maruziyetinin nérodavranigsal etkileri: valproik asit modeli ile
kargilastirmali deneysel bir calisma
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ABSTRACT

Aim: Neurodevelopmental disorders are characterized by impairments in one or more developmental
domains originating in the embryonic period and persisting throughout life. Autism, experimentally
induced by valproic acid (VPA) in animal models, is a neurodevelopmental disorder. This study aimed
to compare the outcomes of maternal exposure to triphenyl phosphite (TPP), a neurotoxic
organophosphorus compound, and VPA in terms of neurobehavioral alterations.

Materials and Methods: Pregnant rats were randomly assigned to three groups: VPA (n=3), TPP (n=3),
and control (n=3). Each group received an intraperitoneal injection of either VPA, TPP, or saline (for the
control group) on embryonic day 12.5. Male offspring (n=10 per group) were evaluated on postnatal
days 33-34 using the Marble Burying Test and the Three-Chambered Social Interaction Test. Animals
were perfused on postnatal day 35 for immunohistochemical (IHC) analysis.

Results: TPP group exhibited a significant increase in marble burying behavior (p<0.05). Also, Three-
Chamber Social Interaction Test revealed significant impairments in social interaction in the VPA and
TPP groups compared to the control (p<0.05). Histologic evaluation revealed higher nestin-positive cell
density in the subgranular zone of the control group compared to VPA and TPP groups (p<0.05).
Synaptophysin expression in the CA3 region was higher in the control group than in the VPA and TPP
groups (p<0.05). Connexin-43 expression increased in the CALl region of the TPP group compared to
controls (p<0.05), while no significant change was observed in the VPA group.

Conclusion: Maternal TPP exposure may be regarded as a risk factor for autism-related
neurodevelopmental disorders.
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oz

Amag: Norogelisimsel bozukluklar, embriyonik dénemde ortaya ¢ikan ve yasam boyunca devam eden
bir veya daha fazla gelisimsel alandaki bozukluklarla karakterize edilmektedir. Nérogelisimsel
bozukluklardan biri olan otizm, hayvan modellerinde valproik asit (VPA) ile indiiklenebilmektedir. Bu
calisma, nérotoksik bir organofosfor bilegigi olan trifenil fosfit (TPP) ve VPA'yva maternal maruziyetin
sonuglarini nérodavranigsal degisiklikler agisindan karsilastirmak amaciyla planlanmistir.

Gereg ve Yontem: Gebe siganlar randomize sekilde (¢ gruba ayrilmistir: VPA (n=3), TPP (n=3) ve
kontrol (n=3). Her gruba embriyonik 12.5. glinde intraperitoneal VPA, TPP veya salin (kontrol grubu igin)
enjeksiyonu yapilmistir. Erkek yavrular (grup basina n=10) dogum sonrasi 33-34. giinlerde Ug Odacikli
Sosyal Etkilesim Testi ve Mermer Gémme Testi kullanilarak degerlendiriimistir. Hayvanlar
immiinohistokimyasal (IHC) analiz i¢cin postnatal 35. giinde perfiize edilmistir.

Bulgular: Ug Odacikli Sosyal Etkilesim Testi sonuglari; VPA ve TPP gruplarinda kontrol grubuna kiyasla
sosyal etkilesimde anlamli bozulmalar oldugunu géstermistir (p<0.05). Ayrica, TPP grubunda bilye
gbmme davranisinda anlamli bir artis saptanmigtir (p<0.05). Histolojik analizler ile kontrol grubunun
subgraniiler zonunda (SGZ) VPA ve TPP gruplarina gére daha yliksek nestin-pozitif hiicre yogunlugu
tespit edilmigtir (p<0.05). Connexin-43 ekspresyonunda, TPP grubunun CA1 bdlgesinde kontrol
grubuna kiyasla artis bulunmus (p<0.05) ancak VPA grubunda ise anlamli bir degdisiklik olmamistir.
Sinaptofizin ise CA3 bélgesinde kontrol grubunda, VPA ve TPP gruplarina kiyasla daha yliksek
eksprese edilmistir (p<0.05).

Sonug: Arastirmanin bulgulari, TPP'nin maternal maruziyetinde yavrularin nérogelisimsel bozukluklar
acisindan 6zellikle otizm igin riskli olarak degerlendirilebilecegini ortaya koymustur.

Anahtar Sézciikler. Nérogelisimsel Bozukluklar; Otizm Spektrum Bozuklugu; Maternal Maruziyet;
Organofosfor Bilesikleri; Hipokampus.

INTRODUCTION classified as Type Il. It is commonly used in the
agriculture sector as an insecticide and fungicide,
in the plastic and rubber industry as a stabilizer,
anti-wear additive, and epoxy resin. It causes
delayed ataxia, paralysis, and changes in the
nervous system prospectively (6). As a result of
the administration of TPP at a dose of 1184 mg/kg,
axonal and terminal degeneration was observed in
the vestibular complex, cerebellum, superior and
inferior colliculi, and cochlear nuclei. Degenerative
axons and terminals were also identified in the
cerebral  cortex, hippocampus, thalamus,
hypothalamus, septal region, substantia nigra,
and subthalamic nucleus. Prominent degeneration
was evident in the sensorimotor cortex,
magnocellular preoptic and medial mammillary
nuclei of the hypothalamus, as well as in the

Neurodevelopmental disorders (NDs) are lifelong
conditions characterized by impairments in social
communication, dysfunctions in motor skills, and
deficits in cognitive and sensory processes,
commonly emerging in early childhood (1). The
occurrence and severity of symptoms may differ
among individuals (2). While these disorders are
thought to have a genetic basis, non-genetic
factors that are considered potential triggers have
yet to be fully elucidated. Exposure to
environmental factors during the embryonic period
and early postnatal stages is recognized as a
substantial risk factor for the onset of NDs. Such
factors include socioeconomic status,
malnutrition, advanced maternal age, stress,
inflammation, exposure to high levels of air - . X :
pollution, and contact with chemicals such as medpdorsal, ventromedlal,_ and medial g-enlcu_laye
heavy metals and organophosphate pesticides nuclei Of. the thalam_gs, Wh”(? degeneratlon W'th'r!
(3-5). the fasmcu_lu; gracilis and its associated nuclei

appeared limited (7). Furthermore, TPP exposure
Triphenyl phosphite (TPP) is an  at 250 mg/kg impaired learning abilities in male
acetylcholinesterase inhibitor ~and ~an  offspring (8). However, its effects on brain
organophosphorus-derived  neurotoxic  agent
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development and behavioral outcomes have not
been clarified yet.

Autism, one of the most common ND, is
associated with an increased risk of occurrence
subsequent to maternal exposure to detrimental
environmental factors during critical
developmental periods (9-12). Valproic Acid
(VPA) is a histone deacetylase inhibitor and
modulates  neurotransmission and  gene
expression. It is an antiepileptic drug and is used
in mood disorders (13). VPA exposure in the early
embryonic period causes deterioration in the
structure of the nervous system and behavior in
rats (14). Rodier et al. proposed VPA as a model
of autism in 1996, and the VPA model has become
one of the most frequently studied models today
(15,16).

This study sought to compare the neurobehavioral
outcomes identified in juvenile offspring following
maternal TPP exposure and the VPA-induced
autism model.

MATERIALS AND METHODS

Approval of the experimental protocol was granted
by the Local Ethics Committee for Animal
Experiments affiliated with Ege University
(Approval No: 2017-081).

Animals

Adult female Wistar albino rats (250-300 g, n=9)
were first assessed for their estrous cycle stage
using vaginal smears. Females at the appropriate
stage were housed overnight with males, and the
presence of vaginal plugs detected the following
morning was used to indicate the onset of
pregnancy, marking the first day of gestation. After
delivery, only male offspring were included in all
experimental procedures to minimize potential
variability caused by hormonal fluctuations.
Throughout the study, animals were maintained
under controlled laboratory conditions (222 °C,
50 £ 10% humidity) with a 12-hour light/dark cycle
and had ad libitum access to food and water.

Chemicals

VPA was used in the form of sodium valproate
(DEPAKIN®, Sanofi-Aventis), which was diluted
with  0.9% sodium chloride solution and
administered at a dose of 500 mg/kg (13). TPP
(Sigma-Aldrich, T84654) was initially administered
at a non-toxic dose of 250 mg/kg, as reported by
Levin et al. (8); however, due to mortality observed
on the fourth day following administration, the
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dose was reduced to 100 mg/kg and subsequently
administered intraperitoneally in propylene glycol
(2 ml/kg) in the main study.

Experimental design

Following confirmation of pregnancy by the
detection of vaginal plugs, nine rats were
randomly divided into three groups: TPP, VPA,
and control. TPP and VPA were administered
intraperitoneally on embryonic day 12.5 (E12.5),
while the control group received an equivalent
volume of saline. However, two of the pregnant
rats receiving TPP at 250 mg/kg did not survive
until the fourth day post-injection, and the
remaining rat was excluded from the study.
Subsequently, three pregnant rats, not previously
subjected to experimental procedures, were
randomly selected and administered TPP at a
reduced dose of 100 mg/kg in propylene glycol (1
ml/kg) via intraperitoneal injection on E12.5. The
revised dose did not significantly affect maternal
weight gain during gestation, and offspring
delivery occurred on gestational days 21 and 22.
Offspring remained with their dams until weaning.
Behavioral testing was conducted on P33-P34
(n=10 per group), and animals were perfused for
immunohistochemical (IHC) analysis on P35 (n=5
per group).

Behavioral Tests

The male offspring (n=10/each group) were
handled for 5 days before behavioral experiments
which were conducted between 09:00 a.m. and
4:00 p.m in a room with dim light.

Marble Burying Test

Repetitive behaviors in rodent models of autism
are commonly evaluated using the Marble Burying
Test. Twenty regular glass marbles were placed
on the odorless and unused sawdust with a depth
of 5 cm in the same order for each cage. The rat
was released from the corner of the cage not to
disturb the placement of the marbles and the
sawdust bed. The cages were covered after
releasing and expected them to bury the marbles
in 30 minutes. The animals were not fed or given
water during the experiment and the marbles were
cleaned with 70% alcohol between trials. After the
test, animals were transferred to their home cages
without disturbing the sawdust and marbles. If 2/3
of each marble is covered with sawdust, it was
recorded as buried. The scores of three different
researchers were averaged and the final score
was determined (17).
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Three-Chamber Social Interaction Test

Crawley’'s Three-Chamber Social Interaction Test
was utilized to evaluate the social preference of
rodents (18). In this study, the test was conducted
on P33—-P34 using a three-chambered rectangular
apparatus, in which the central compartment
provided two openings allowing access to the side
chambers. In the habituation stage, the subject
was released in the middle compartment with the
blocked entrances for 5 minutes. In session |, a
stranger animal (stranger 1) with similar
characteristics (same sex, similar weight, and
age) of the subject and had not encountered with
the subject before was placed in one of the right
or left chambers (changed systematically). The
entrances were opened to allow the subject to
explore other chambers for 10 minutes. In session
I, another stranger animal (stranger 2) was placed
in the other empty compartment and allowed the
subject to explore for 10 minutes. A basket with
holes was placed to prevent stranger rats from
leaving the chamber and contact with the subject
physically. Test materials were cleaned with 70%
alcohol for each trial.

Histopathologic Evaluation

Perfusion procedures for histopathological
analysis were initiated on postnatal day 35 (P35).
Anesthetic agents Ketamine (80-100 mg/kg) and
Xylazine (10-12.5 mg/kg) were administered to
the animals. Following anesthesia, brains were
removed and fixed in 4% formaldehyde for three
days, then processed in Phosphate Buffer
Solution (PBS) on the fourth day. The
hippocampus was carefully removed following the
stereotaxic coordinates described by Paxinos and
Watson (19). Subsequently, the removed tissue
was incubated for 24 hours in a solution containing
0.1 M cacodylate buffer and formalin.
Hippocampal tissues were embedded in paraffin,
sectioned at 5pum thickness, and stained with
routine Haematoxylin and Eosin (H&E).

Immunohistochemical Procedures

Based on the previously described protocol,
sections were first incubated with 10% hydrogen
peroxide (H,O,; Sigma-Aldrich, Inc., Saint Louis,
MO, USA) for 30 minutes to block endogenous
peroxidase activity, and subsequently treated with
Super Block (ScyTek Laboratories, Inc., Logan,
UT, USA) for 1 hour at room temperature to
minimize non-specific antibody-antigen binding.
Primary antibodies specific for nestin (Bioss
Antibodies, Woburn, MA, USA), synaptophysin
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(Sigma-Aldrich, Inc., Saint Louis, MO, USA), and
connexin43 (Abcam, Cambridge, UK) were used
at a dilution of 1:100. Tissue sections were
incubated with these antibodies at +4 °C for 24
hours. Following incubation, a biotinylated
secondary antibody (ScyTek Laboratories, Inc.,
Logan, UT, USA) was applied, followed by
horseradish peroxidase (HRP)-conjugated
streptavidin (ScyTek Laboratories, Inc., Logan,
UT, USA). Finally, sections were washed and
incubated with diaminobenzidine (DAB) and
Mayer’s hematoxylin (Merck KGaA, Darmstadt,
Germany) for visualization under a light
microscope (20).

Image Analysis

SYN and Cx-43 expression in CAl and CAS3
regions, along with the density of nestin-positive
cells in the Subgranular zone (SGZ) (cells/mm?),
were evaluated under a light microscope
(Olympus BX-51) and imaged with a digital
camera (Olympus C-5050). ImageJ
(https://imagej.nih.gov/ij) and cellSens (Olympus
Corporation, Japan) software were used for
analysis. IHC evaluations were independently
conducted by three blinded researchers, each
assessing a minimum of 100 randomly selected
neurons per rat. Immunoexpression levels were
quantified using the H-score method, and the
mean values of these scores were used for
statistical analysis (21).

Data analysis

Statistical evaluations were conducted using IBM
SPSS Statistics version 22. The Shapiro—Wilk test
was applied to assess data normality and
homogeneity. Datasets meeting these
assumptions were analyzed through one-way
ANOVA followed by Bonferroni post hoc
comparisons, while non-normally distributed data
were assessed using the Kruskal-Wallis test, with
pairwise comparisons performed by the Mann—
Whitney U test. Results are presented as mean *
standard error of the mean (SEM), and a threshold
of p<0.05 was set for statistical significance.

RESULTS
Behavioral Tests Results

Marble Burying Test

Mann Whitney test revealed that there was a
significant difference (p=0.029). Control group
buried 10-15% of the marbles while TPP

Ege Journal of Medicine / Ege Tip Dergisi



(p=0.037) and VPA (p=0.012) groups buried 30-
35% regarding the repetitive behavior (Figure- 1).
Marble Burying Test
40
35
30
25
20

15

Buried marbles %

10

(6]

Control VPA TPP

Figure-1. The percent of buried marbles was higher in
TPP group than controls significantly (n=10/each
group).

*p<0.05 vs VPA and control
Three-Chamber Social Interaction Test

Kruskal-Wallis test demonstrated a significant
difference between groups in session | (p=0.009).
The duration in the empty chamber of VPA and
TPP groups was longer than controls which were
prone to explore the chamber of the stranger rat 1
significantly (p=0.009) (Figure-2A).

Session |
350 *

— 300
(%]
T 250
S 200
(]
£ 150
(]
£ 100
= 50

0

Empty Stranger 1

H Control mVPA OTPP

Figure-2. (A) Control rats preferred the chamber of the
stranger rat 1 while they spent more time in the chamber
of stranger rat 2 in session Il.

In session Il, control group spent time in the
chamber of the stranger rat 2 more than the TPP
group significantly (p=0.005). Moreover, the
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findings showed that the TPP group preferred the
chamber of the stranger rat 1 more than the VPA
group (p=0.048) (Figure-2B).

Session Il

450
400
350
300
250
200
150
100

50

* %

T

Time (seconds)

Stranger 1 Stranger 2

H Control mVPA OTPP

Figure-2. (B) Further, TPP group preferred the
chamber of the stranger rat 1 rather than stranger rat 2
as a result of impaired social novelty.

p*<0.05 vs VPA and TPP, p**<0.05 vs TPP, p™<0.05
vs TPP

Histopathological Results

Histological analysis of hippocampal tissue
sections stained with H&E revealed notable
histological differences between the experimental
groups (Figure-3). The control group exhibited a
typical hippocampal architecture, characterized by
well-preserved pyramidal cell layers and normal
neuronal morphology. In contrast, hippocampal
sections from the VPA and TPP groups
demonstrated neuronal abnormalities and
evidence of apoptosis. These findings suggest
that both VPA and TPP administration led to
observable histopathological alterations in

hippocampal structure compared to the control
group.

Control VPA TPP

Figure-3. H&E-stained hippocampal tissue samples
obtained from each experimental group (scale bar =
20 um). Typical histological architecture was observed
in the hippocampal tissue of the control group, in
contrast to the neuronal abnormalities and apoptotic
changes detected in the VPA and TPP groups.
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Immunohistochemical Results
Nestin expressions in SGZ

SGZ of hippocampus was examined by anti-nestin
immunostaining. Nestin-positive cells were denser
and more compact in control group as seen by
arrows in Figure-4B while large cavity and
disorganized cells were observed in the TPP
group regarding neurodevelopmental delay. One-
way ANOVA results showed a significant
difference  between groups (F15=18.536,
p=0.000). Post hoc analyses demonstrated that
nestin expression was significantly higher in the
control group (26.12+3.07) compared to both the
VPA (10.75£1.05, p=0.001) and TPP (9.74%1.75,
p=0.000) groups (Figure-4A).

B Control VPA TPP

bt e 0 [N

Figure-4. (A) Nestin expression in SGZ of control group
was higher than other groups significantly.

(B) Representing microphotographs of nestin
expressions in the SGZ of hippocampus. The arrows
indicate intense nestin-positive cells in SGZ (n=6/each
group, scale bar =10 ym, magnification x40).
p*=0.001 vs VPA, p*=0.000 vs TPP

Synaptophysin and Connexin-43 expressions
in CAl and CA3

CAl and CA3 areas of the hippocampus were
examined to compare SYN and Cx-43
expressions within groups. Cx-43 expression of
the TPP group (38.79+ 2.46) was higher than
control (p=0.05, 30.49+3.07) in CA1 (Figure-5A).
Furthermore, the scattered and impaired
pyramidal neuron layer and Cx-43 immuno-
expression are quite evident in the CA1 of the TPP
group (Figure-5B).

Post hoc Bonferonni test following one-way
ANOVA (F215=5.193, p=0.02) revealed that SYN
expression of the control group (37.75+2.34) was
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significantly higher than VPA (28.93+2.07, p=0.04)
and TPP (28.21+2.55, p=0.03) groups in CA3 as
seen in (Figure-5C). The impairment is prominent
with dispersed neurons in CA3 of the TPP group
and structural neuronal changes in the VPA group
(Figure-5D).

58 &

5o
Immun-positive area %

Immun-positive area %

«w 5

Control VPA P Control VPA P
m(x-43 OSyn mCx43 OSyn

B caL D cA3

SYN ox-43

Control [SERES Control |

ven [3

e [0 e

Figure-5. Cx-43 expression was higher in the TPP
group than control significantly (A). The arrows indicate
the impaired homogeneity of the CA1 pyramidal layer
(B). SYN expression was higher in the control group
more than VPA and TPP (C) and apoptotic-like neurons
were seen in the CA3 of the VPA group as indicated by
the arrow (D). p*= 0.05 vs TPP group, p**=0.02 vs VPA
and TPP groups (scale bar = 20 ym)

DISCUSSION

Autism is a ND characterized by various
neurological and behavioral impairments, showing
significant differences in etiology, onset, and
severity (22) It has been suggested that the
behavioral changes seen in autism cannot be
associated with a single region of the brain, but is
related to many brain regions such as the limbic
system, thalamus and cerebellum (23,24). One of
the regions where structural changes seen in
autism is the hippocampus (25). The embryonic
maturation process of the hippocampus begins at
day 12.5 and maternal VPA administration on that
day causes autism-like behaviors in rats (26). The
problems seen in the behaviors accompanying the
developmental disorders of people with autism are
caused by these abnormalities in hippocampus
(27). Neuron loss was evident in the hippocampus
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area in autism models of animals, and accordingly,
impairments in learning skills were observed (28).

In this study, VPA model was compared with TPP,
which is a environmental neurotoxic substance
and behavioral changes and IHC differences in
hippocampus were evaluated in juvenile rats.

Levin et.al. (8) indicated that TPP (250 mg/kg)
causes learning impairments in male offspring
However, in the present study, administration of
TPP at a dose of 250 mg/kg resulted in maternal
mortality, requiring a modification of the dose to
100 mg/kg for ensuing experiments. The Marble
Burying Test was used to evaluate repetitive
behaviors seen in autism. Wu et al. (29) showed
that VPA-treated group showed more repetitive
behavior by burying marbles compared to the
control group. In a different model of autism
studied by Degroote et al. (30) repetitive behaviors
were measured with the Marble Burying Test, and
a higher marble burying score was obtained in the
experiment group than the controls. The number
of marble burying increases in rodent models is
associated with repetitive behaviors created by
genetic manipulations (17) In present study,
repetitive behaviors were observed in both VPA
and TPP groups proving that TPP causes autism-
like repetitive behavior.

The Three-Chamber Social Interaction Test was
used to measure the deterioration in social
communication seen in autism. The results in the
VPA model of Dai et al. (31) demonstrated that the
social interaction of the VPA group was impaired.
A significant difference was found and social
interaction impairment was also observed in the
VPA group in the first session and second session
scores of the three-chamber social interaction test
performed by Kim et al. (32) and Wu et al. (33) In
this study, VPA group was similarly dissociated
and deteriorated and there was a decrease in
social innovation preferences of the experimental
group as compared to the control group. The
effects of maternal TPP exposure on the social
behavior were also found to be similar to VPA
group. Maternal TPP exposure led to increased
repetitive behaviors in the Marble Burying Test
and impaired sociability and social novelty
preferences in the Three-Chamber Social
Interaction Test, which may reflect autism-like
features.

The VPA model causes a delay in neurogenesis
by substantially affecting interneurons, cell
proliferation in SGZ and neuroplasticity of
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hippocampus granular cells (17). In this study,
nestin staining was used to show the differences
of proliferation in SGZ. Cai et al. (34) showed a
decrease in nestin-positive cells in SGZ in a
mouse model of autism, and stated that this
decrease was associated with a delay in migration
towards the dentate gyrus. Similarly, the present
study showed that maternal TPP exposure
impaired nestin expression in the SGZ, suggesting
a neurodevelopmental delay during the juvenile
period, which may not only reflect reduced
proliferation but also involve impairments in
neuronal progenitor cells and neurogenesis
processes.

Synaptic dysfunction is known to occur in animal
models of autism induced by VPA (lijima et al.,
2016). Codagnone et al. (35) showed reduced
SYN immunoreactivity in the hippocampal regions
of VPA exposed rats. The present findings
demonstrated scattered neurons and decreased
SYN immunoreactivity in the CA3 region of TPP
group refers to impaired synaptic transmission.
Furthermore, studies have provided evidence of
neuroglial responses and neuroinflammation in
autism (36). The expression level of Cx-43, a
major component protein in the astrocytic gap
junction, is increased in the frontal cortex of post-
mortem brain tissue from patients with autism
(Mony et al., 2016). Chavez et al. (37) reported an
increase in the activity of Cx-43 in the
hippocampal regions in lipopolysaccharide model
of autism associated with hippocampal
neurotoxicity. In this study, increased Cx-43
expression, a marker of neuroinflammation and
neurotoxicity implicated in the pathogenesis of
NDs, particularly autism, was noticeably observed
in the TPP group.

CONCLUSION

This study highlights the potential
neurodevelopmental effects of maternal exposure
to environmental toxicants. Maternal TPP
administration may induce autism-like behaviors
and IHC alterations in the hippocampus of juvenile
rats, resembling changes observed in the VPA
model. Although initial, these findings suggest that
TPP exposure could be considered as a
complementary approach in future ND models,
particularly in studies focusing on autism. Further
research is required to explore the effects of TPP
at varying doses, on brain regions potentially
associated with neurodevelopmental alterations,
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additional behavioral outcomes, and across

different developmental stages.

LIMITATIONS

The limitations of this study include the absence of
early postnatal growth and maturation data, the
unavailability of a separate propylene glycol
vehicle control group, the lack of direct apoptosis
measurement, and the possibility of an insufficient
sample size.
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intraoral lipom: 2 olgu sunumu
Intraoral lipoma: 2 case report
Mert Zeytinoglu Ekin Celikten

Ege Universitesi Dis Hekimligi Fakiiltesi Agiz, Dis ve Cene Cerrahisi Anabilim Dali, izmir, Tirkiye

Mehmet Ali Memisoglu Umran inceoglu

oz

Lipomlar yaygin yumusak doku timorleridir, ancak oral bdlgede nadir gorullrler. Matlir yag
dokusundan olugsmus, non-fonksiyone, selim timorlerdir. Klinik seyir, yillar icinde kademeli olarak
genisleyen ve agrisiz bir kitle seklinde gelisebilir. Dil alti, submandibular ve parafarengeal bolgelere
uzanan dev lipom raporlari bulunmaktadir. Lipom 6n tanisi bulunan olgularin cerrahi olarak eksizyonu
ve post-operatif takibi kritik Gneme sahiptir. Bu ¢alismada, alt dudak bolgesinde zamanla biyimis ve
fonksiyon kaybina neden olan nadir goérilen iki lipom vakasi sunuyoruz.

Anahtar Soézciikler: intraoral lipom, yag tiimérii, periferal lipom.

ABSTRACT

Lipomas are a common type of soft tissue tumour, occurring with greater frequency in other locations
than in the oral region. They are non-functioning benign tumours formed from mature adipose tissue.
The clinical course may manifest as a painless mass that gradually enlarges over years. There are
reports of giant lipomas extending to the sublingual, submandibular and parapharyngeal regions.
Surgical excision and post-operative follow-up are of critical importance in cases with a preliminary
diagnosis of lipoma. In this study, we present two rare cases of lipomas in the lower lip region which
enlarge over time and cause loss of function.

Keyword: intraoral lipoma, fatty tumor, peripheral lipoma.

GiRiS

Lipomlar yumusak dokuda en sik gdrilen
mezenkimal neoplazmlardir. Atipi gdstermeyen
olgun beyaz adipositlerin  ¢ogalmasi ile
karakterizedir. Genellikle iyi sinirli, agrisiz, lastik,
soliter noduller olarak bulunurlar ve
ekstremitelerde nispeten sik goérllurler. Buna
karsilk bas ve boyunda nadiren lipomlara

Oral lipomlar baslca bukkal mukozada vyer
almakla birlikte, dil, agiz tabani, dudaklar, damak
ve diseti mukozas igerisinde yer alabilmektedir.
Bununla beraber retromolar ped ve tukirik
bezleri daha az tutulan bélgelerdir. Mandibula
ramus ve maksilla gbvdesinde de nadiren
intraossedz lipomlar goérilebilir (2).

rastlanmaktadir. Oral lipom insidansinin (OL) tim
benign oral lezyonlarin %1 ila %4'G oldudu
bildirilmistir (1).

Her iki cinste ve tim irklarda esit oranda
rastlanilan lipomalar; ¢ocuk ve adolesent
bireylerde daha az gérilurken 40-60 yas grubu
arasinda siklikla gorulur (1).
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Lezyonun boyutlari degiskenlik gdstermekte olup
cogu 1 cm’den kuguktir ve 3 cm’den blyuk
olanlar oldukc¢a nadirdir (3). Lezyonlar sarimsi ve
yumusak yapida, cevreden iyi ayriimis, mobil,
yavas blylyen ve cogunlukla asemptomatik bir
karakter sergilemektedir. Derin dokularda olusan
lipomalar vital bdlgelerde basing
yaratabileceginden onem gOsterebilirler.
Subkutandz lipomalar bazi durumlarda estetik ya
da fonksiyonel sikayetlere neden olabilmektedir

(4).
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Lipomlarin olusumunda kesin olarak bir neden
belirtlemese de hiperkolesterolemi, obezite,
endokrin bozukluklar, kromozomal anormallikler
ve radyasyon etiyolojisinde yer bulabilmektedir
(2). Sporadik olarak meydana gelebilmenin
yaninda ailesel lipomatozis ile benign simetrik
lipomatozisi de igeren bazi kalitsal bozukluklari
temsil edebilirler (3).

Radyolojik tani yontemleri arasinda yer alan
ultrason, yilksek ¢ozunurlikli BT ve MR
gorintileme gibi yontemler lipom teshisinde
fayda saglayabilirler. Histopatoloji ise oral
lipomlarin teshisinde altin standart olmayi
surdirmektedir (2).

Oral lipomalar konservatif cerrahi yaklasim ile
tedavi edilirler. Non-infiltre tiplerinin rekilrrens
sikh@i dusuktar. Malign degisim ¢ok nadirdir (5).
Hastalarin takip ve tedavilerinin planlanmasinda,
diger muhtemel oral patolojilerden ayriminin
yapilmasi &énemlidir. Ayirici tani bakimindan
lipomlari inceledigimizde pannikdlit, hematomlar,
epidermoid kistler ile diger adiposit timorler gibi
farkli lezyonlar dislndlebilir. Bunun yaninda iyi
huylu mezenkimal neoplazmalar ile tukuruk bezi
timorleri de ayirici tanida yer alabilirler (2).

Bu vaka raporunda oral mukozada yer alan iki
oral lipom olgumuzu sunuyoruz.

Olgu Sunumu-1.

Kirk alti yasindaki erkek hastanin sol oral
komissir bolgesinde, yanak ici vestibller
mukozada uzun suredir var olan siglik nedeniyle
klinigimize  bagvurmustur. Hastadan alinan
anamnezde kontrol altinda olan diyabet disinda
bir hastaliginin olmadigi, sistemik durumunun
stabil oldugu &grenilmistir.  Yapilan  klinik
muayenesinde muhtemelen sol yanak yag
yastigindan kaynaklanan, vestibller mukozada
yaklagik 2 cm capinda duzgun sinirli ekspansif
lezyon tespit edilmistir (Sekil-1A). Oncesinde
kuguk bir nodll seklinde olan sisligin 6zelikle son
1 yil iginde hizla blyudigu 6grenilmistir. Hastanin
vicudunun baska bir bdlgesinde benzer herhangi
bir lezyona rastlanmamistir. Lokal anestezi
altinda mukoza vylUzeyinde vyapilan insizyonun
ardindan kidnt diseksiyon ile olusum eksize
edilmis, yara bodlgesi primer kapatiimistir (Sekil-
1B, 1C, 1D). Yapilan histopatolojik inceleme
sonucu lezyonun lipoma oldugu kesinlestirilmistir
(Resim-1E). Post-operatif 1 hafta sonra yapilan
kontrolde operasyon bdlgesinin sorunsuz bir
sekilde iyilestigi gézlemlenmistir (Sekil-1F).
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Sekil-1. Olgu 1'e ait gorseller. dudak
kdsesindeki oral lipomun Klinik gérinimi. B: Lokal
anestezi altinda gerceklestirilen insizyon ve sari renkli
lipomun goérinimi. C,D: Eksize edilen materyalin
gérunumda. E: x40 buyutmede oral lipomun histolojik
gorinimda. F: Bir hafta sonra operasyon bodlgesinin
sorunsuz iyilestigi gérilmekte.

A: Sol

Olgu Sunumu-2.

Kirk vyasindaki erkek hasta, sad yanak
mukozasinda 5 vyildir yavas bulylyen siglik
nedeniyle Kklinigimize bagvurmustur. Yapilan
intraoral muayenede 2,5 cm c¢apinda hijyenik
olmayan protez iritasyonuna bagh gelistigi
disinilen ekspansif lezyon tespit edilmistir
(Sekil-2A). Lipom o6n tanisiyla lokal anestezi ile
yapilan operasyonda, lezyon kapsulu ile beraber
eksize edilip, yara bdlgesi primer olarak
kapatimistir ~ (Sekil-2B, 2C, 2D). Yapilan
histopatolojik degerlendirmede lezyonun lipom
oldugu dogrulanmistir. Birinci hafta kontroliinde
operasyon bdlgesinin sorunsuz bir sekilde
iyilestigi gbézlemlenmistir (Sekil-2E). Ayrica hasta
hijyenik olmayan protezinin yenilenmesi igin
Protetik Dis  Tedavisi  Anabilim Dalina
yonlendirilmistir.

Sekil-2. Olgu 2ye ait gorseller.

A: Sag dudak
vestibliler mukozadaki lezyonun klinik goérinimu
(beyaz oklar). B: Lezyonun lokal anestezi altinda
eksizyonu. C: Operasyon Dbolgesinin  primer
kapatiimasi. D: Eksize edilen sari renkli materyal. E:
Bir hafta sonra elde edilen gorselde operasyon
alaninin sorunsuz iyilestigi gézlenmekte.
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TARTISMA

Lipomalar oral mukozada sik gorilen yumusak
doku mezensimal neoplazileridir. Bas boyun
bolgesindeki tim mezensimal lezyonlarin %15-
20’sini ve oral kaviteyi ilgilendirenlerin %1-4’Gn{
olustururlar. Genellikle yavas gelisen, mukoza
altinda asemptomatik yumusak siglikler olarak
gorallrler. Siklikla bukkal mukozada, agiz
tabaninda, dilde ve dudaklarda yer alirlar.
Fregnani ve arkadaslarinin yaptigi bir galismada
46 intraoral lipoma vakasini incelemistir. Yirmi biri
bukkal mukoza, 6’si dil, 6’si dudak, 5i agiz
tabaninda tespit edilmistir (6). Furlong ve ark. ise
125 lipom vakasini inceleyerek 30’'unun parotis,
29'unun bukkal mukoza, 21’inin dudak, 17’sinin
submandibular bdélge, 15’inin dil, 6’sinin palatina,
5’inin agiz tabani ve 2’sinin vestibller mukozada
oldugunu bildirmistir (7).

Lipomlar histoloji ve morfoloji bakimindan basit
lipom ve diger lipomlar olarak siniflandirilabilir.
Diger lipomlari su sekilde siralayabiliriz;
siyalolipom, miksoid lipom, intramuskuler lipom,
igsi hicreli lipom, pleomorfik lipom, anjiolipom,
fibrolipom ve atipik lipom (8). Enzinger ve Harvey
ilk olarak 1975 vyilinda igsi hicreli lipomu
tanimlamiglardir. Bu lezyonlar genelde sirt
bdlgesi ile boyun arka kisminda yer alan sert bir
olusum seklinde yash hastalarda gorlimuastir.
Histolojik incelemede olgun yag hcreleri, igsi
hiicreler ve mast hiicreleri gortlir. intramiskiler
lipomlar sinirlari belirsiz, yavas buylyen, agri
olmayan ve komsu kaslarin igine infiltre olan yag
hicrelerin goérildugu lezyonlardir. Agiz igcinde en
cok dilde gorulir. Daha yodun damar yapisi
gérulen durumlarda lezyona angiolipoma adi
verilir. Agiz icinde bukkal mukozada meydana
gelirler ve genelde agrisizdirlar. Pleomorfik
lipomlar ise omuz ve boyunda olmak Uzere
sikhkla 45 vyas Ustl erkelerde karsilasildigi
gérulmastir. igsi hiicreler ile olgun yag dokusu
icermesinin  yaninda ¢igcek goérundmli  dev
hicrelerin ~ bulunmasi  histolojik  yapisinda
gérunmektedir. Osteolipomlar; genelde bluyik ve

derin yumusak dokulardan kaynaklanir, yag
dokusu yaninda kemik dokusu da igerir (9).
Fregnani ve arkadaslarinin yukarida

bahsettigimiz calismasinda vakalarin 21’i basit
lipoma, 18'i fibrolipoma, 4’4 intramuskdiler lipoma,
2’si tlkruk bezi lipomasi, 1’i mekik htcreli lipoma
olarak tanimlanmis ve higbiri  reklrrens
gbstermemistir (6). Furlong ve arkadaslarinin
yayinladigi 125 vakadan olusan hasta serisinde
ise vakalarin 62’si basit, 59’'u pleomorfik, 2’si
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fibrolipoma, 2’si kondroid lipoma olarak
siniflandiriimig, 23’0 intramuskller  yerlesim
gostermigtir (7). Bizim 2 vakamizin patoloji
sonucunda ise basit lipom oldugu goérialmastur.

Klinikte lipom, asemptomatik, yuvarlak, orta
sertlikte, hareketli bir nodul seklinde goérular.
Genellikle agrisiz olan lipomlar nadiren sinire
basi yapmalari halinde agri olustururlar. Caplari
1-8 cm arasinda olup, ortalama 6 ay gibi bir
slrede belirgin hale gelirler (10).
Lipomlar yavas biylyen agresif olmayan
tiumorler olmalarina ragmen blylk boyutlara
ulastiklarinda gigneme ve konusma bozukluklari
ve olusturduklari basinca bagh deformiteler
olusturabilmektedirler (5). Bizim vakalarimizdaki
hastalarda da fonksiyon kaybi ve c¢igneme

bozuklugunun yani sira konusma ile estetik
bozuklukta gérinmekteydi.
Histolojik agidan lipomlarin normal yag

dokusundan farki, lipoprotein lipaz aktivitesinin
yuksekligidir. Kalori aliminda azalma lipom
boyutunu etkilemez. Kapsulli olan lipomlar ¢evre
dokudan keskin sinirla ayrilirlar. Ayrica lipomlar

kas dokusuna vyayilip, infiltratif bir 6zellik
gosterebilirler (10).
Ana tedavi ydntemi olarak lezyonun cerrahi

olarak tamamen eksizyonu kabul edilmektedir.
Genellikle basarili bir eksizyondan sonra niks
gérinmemekle birlikte basit lipomlar gibi kapsulu
olmayan infiltratif lipomlarda vyeteri kadar
eksizyon yapillmazsa lezyonun tekrarlama
durumu ile karsilasilabilir (2,3). Bizim vakamizda
ise nuks gorunmemigtir. Cerrahi olarak intraoral
yaklagimda insizyon bukkal olugun uzerinden
yapilir ve lipom eksize edilir. Derin yerlesimli
lipom vakalarinda lezyonun hepsini ¢ikartmak
mUmkuln olamaz; bu vakalarda lezyonun bir kismi
cikarilabilir ve nuks riski yuksektir (10). Steroid
enjeksiyonu yapilmasi timor boyutunu kugulten
lokal yag atrofisine sebep olarak lipomlar icin bir
baska tedavi ydntemi olarak kullanilabilmektedir.
1 ingten kiguk olan lipomlarin tedavisinde daha
yaygin  olarak tercih edilebilir. ~ TUm&rin
merkezine yapilan 1:1 lidokain ve triamsinolon
asetonid igerikli solisyonun enjeksiyonu sonucu
lezyon boyutlarinda gerileme
g6zlemlenebilmektedir. Yara izi olusumundan
kaginmak igin 16 gauge igne ve buyuk siringayla
yapilan yad aspirasyonu, kiglk ya da buydk
lipomatéz blyumede vyarar saglayabilir. Son
yillarda 6zellikle lipomatozis gibi ¢ok sayida
lipomun oldugu ve cerrahi tedavinin mumkin
olmadidi durumlarda lipomlar kiglltmek amaci
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ile lipoliz  o6zelligi tasiyan fosfatidilkolin
enjeksiyonlari kullanilmaya da baslanmistir (2).

SONUG

Sonug olarak; lipomalarin lokalizasyon, boyut,
histolojik cesitlilik ve semptom profili agisindan
farklihk gosterebilecedi; tani slrecinde klinik
muayene, radyolojik ydntemler ve biyopsiyi
takiben histopatolojik degerlendirmenin butuncul
bir yaklasim gerektirdigi ortadadir. Sunmus
oldugumuz vakalarda da goérildugu gibi cerrahi
eksizyonun genel olarak etkin ve guvenilir bir

tedavi sekli oldugu sdylenebilir. Bununla birlikte
biylk boyutlarda ve derin yerlesim gdsteren bazi
durumlarda tedavi planlamasinin zorlasabilecegi
unutulmamalidir. Daha ¢ok sayida hasta igeren,
farkli lipoma tirlerini ele alan genis kapsamli
c¢alismalarin yapilmasi faydal olacaktir.

Cikar Catismasi: Yazarlar aralarinda g¢ikar
catismasi olmadigini beyan etmislerdir.

Finansal destek: Calismanin hazirlanmasinda
herhangi bir finansal destek alinmamistir.
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Case Report / Olgu Sunumu
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An atypical Stiff Person Syndrome patient presenting with epileptic seizures,
brainstem involvement, and muscle stiffness of the lower body- a case report
Epileptik nébetler, beyin sapi tutulumu ve alt viicudun kas sertligi ile seyreden atipik
Stiff Person Sendromu - bir olgu sunumu
Goker Goren Abdullah Ari Huseyin Nezih Ozdemir Figen Gokgay
Ege University Faculty of Medicine Department of Neurology, izmir, Tirkiye

ABSTRACT

Stiff Person syndrome (SPS) is a rare autoimmune neurological disorder presenting painful muscle
spasms, and stiffness targeting mainly lower limbs, lower back, and abdomen. Antibodies such as
Anti-GAD can be found positive. Electromyography is a valuable tool for diagnosing SPS, showing
simultaneous contractions of the agonistic and the antagonistic muscle groups. Here in this case
study, we present a 40-year-old male with SPS, presenting with usual symptoms of SPS like lower
limb and lower back stiffness and painful muscle spasms, but unusual symptoms as well, like epileptic
seizures, high amount of sweating and itching, difficulty in swallowing and urinary-stool retention. EMG
findings were correlated with SPS, and anti-GAD levels were found positive. After Intravenous
immunoglobulin treatment, the patient had a complete remission. In this paper, we will look at the
unusual symptoms and findings in the SPS, and the important place of electromyography in
diagnosing this disorder.

Keywords: Stiff person syndrome, epileptic seizures, electromyography, anti-GAD

oz

Stiff Person Sendromu (SPS), genellikle alt ekstremiteler, bel ve karin boélgesine yonelik agrili kas
spazmlari ve sertlik ile kendini gdsteren nadir bir otoimmun noérolojik hastaliktir. Anti-GAD gibi
antikorlar pozitif bulunabilir. Elektromiyografi, SPS tanisinda degerli bir aragtir ve agonist ve antagonist
kas gruplarinin es zamanl kasilmalarini gosterir. Bu olgu ¢calismasinda, SPS ile basvuran 40 yasinda
bir erkek hasta sunulmustur. Hasta, SPS'nin tipik belirtileri olan alt ekstremite ve bel sertligi ile agnli
kas spazmlarinin yani sira; epileptik nobetler, asiri terleme ve kasinti, yutma gugligu ve idrar—digki
tutamama gibi alisiimadik semptomlar da géstermekteydi. EMG bulgulari SPS ile uyumluydu ve anti-
GAD seviyeleri pozitif bulunmustu. Intravenéz immiin globulin tedavisinin ardindan hasta tam bir
remisyon sagladi. Bu sunumda, SPS'deki alisiimadik semptomlar ve bulgular ile bu hastaligin
tanisinda elektromiyografinin dnemli roline deginilecektir.

Anahtar Sézciikler: Stiff Person Sendromu, epileptik ndbet, elektromiyografi, anti-GAD

INTRODUCTION

Stiff Person Syndrome (SPS) is a rare
autoimmune neurological disorder that presents a

However, some patients may also experience
less common symptoms, such as epileptic
seizures, excessive sweating, urinary retention,

variety of symptoms. The primary manifestations
include painful muscle spasms and stiffness,
particularly in the lower limbs, lower back, and
abdomen.
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difficulty swallowing, and cranial neuropathies.
The most frequently associated antibody in SPS
is Anti-Glutamic Acid Decarboxylase (Anti-GAD).
Electromyography (EMG) is a valuable diagnostic
tool for SPS, as it demonstrates simultaneous
muscle contractions in both agonist and
antagonist muscle groups.
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In this case report, we discussed a 40-year-old
SPS patient with uncommon symptoms,

CASE REPORT 1

A 40-year-old male with no history of chronic
illness was admitted to our clinic with symptoms
including numbness on the right side of his face,
dysphagia, urinary retention, painful muscle
spasms in the lower limbs, and difficulty walking.
His symptoms began a year prior to admission,
initially mild but gradually worsening over time.
He also experienced excessive sweating followed
by generalized itching. Notably, the patient had
suffered two generalized tonic-clonic seizures
before admission. Urinary catheterization was
performed on the patient before his admission
because of his urinary retention.

During the neurological examination, the patient
was cooperative and oriented. Cranial nerves |-
Xl were intact except for the trigeminal nerve,
where hypoesthesia was noted on the right side
of the face. Muscle strength in the upper limbs
was normal, but rigidity was observed in the
lower limbs, predominantly in a flexor posture.
Hyperreflexia was evident in the Achilles and
patellar tendons. The patient had a low Body-
Mass index (BMi) due to his dysphagia. Routine
blood tests revealed no abnormalities, and
cranial and spinal magnetic resonance imaging
(MRI) findings were normal. Cerebrospinal fluid
(CSF) analysis from a lumbar puncture was also
unremarkable. The patient underwent screening
for potential tumors, but all tests came back
negative.

Electroencephalography (EEG) showed sharp
slow-wave activity, consistent with epileptiform
discharges in the right temporo-occipital region.
Electromyography (EMG) revealed spontaneous
yet normal motor unit potential (MUP) activity in
both agonist and antagonist muscle groups in the
proximal and distal lower limb and paraspinal
muscles (Figure-1). There was no evidence of
myoclonic activity, and the patient had no signs
of  encephalomyelopathy, so  progressive
encephalomyelitis with rigidity and myoclonus
(PERM) was overruled. Blood tests confirmed the
presence of anti-GAD antibodies, leading to a
diagnosis of SPS.

The patient was treated with intravenous
immunoglobulin (IVIG) at a dose of 2 g/kg. Within
three days of treatment, the patient achieved
complete remission. Painful spasms, sweating,
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highlighting these rare features of the disorder.

and itching improved significantly over time.
Rigidity in the lower limbs diminished, allowing

the patient to walk unassisted, and the
hypoesthesia in the right trigeminal nerve
resolved.  Follow-up EMG showed no

abnormalities, and EEG revealed no epileptiform
activity.

During the patient's follow-up examinations,
similar symptoms were observed again, leading
to the administration of IVIG treatment two more
times at 3-month intervals. Since no remission
was observed after the last IVIG treatment, it was
decided to initiate rituximab therapy.
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Figure-1. Both agonistic and antagonistic muscle
contractions can be seen in this EMG finding.

DISCUSSION

Stiff Person Syndrome (SPS) is a rare
autoimmune neurological disorder. Its
pathogenesis involves the autoimmune
disintegration of gamma-aminobutyric acid

(GABA)-mediated inhibitory interneurons in the
spinal cord (1). This disruption leads to
hyperexcitability of anterior horn cells, resulting in
simultaneous contractions of agonist and
antagonist muscle groups (1). Consequently,
patients experience painful muscle spasms and
rigidity, primarily affecting the lower limbs,
paraspinal muscles, and axial muscle groups.
The antibody most commonly associated with
SPS is Anti-GAD, detected in 88%-98% of
patients with classical SPS (2). Studies showed
that the higher the Anti-GAD levels are, the more
resistant the SPS becomes. Our patient’'s serum
Anti-GAD level was 11.28 IU/mL, presenting with
refractory SPS, which contradicts existing
research (1). However, it is important to note that
the Anti-GAD test was performed after the patient
received IV methylprednisolone, which may have
lowered the Anti-GAD titters.
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In classical SPS, prominent symptoms include
rigidity and stiffness of the lower limbs,
thoracolumbar, and abdominal muscles; painful
spasms that may be triggered by stimuli such as
noise, emotional stress, or tactile contact; and
hyperlordosis-like deformity caused by stiffness

and contractions of the thoracolumbar
paravertebral muscles (3). However, studies
have identified additional, less common

symptoms associated with SPS, such as epileptic
seizures, excessive sweating, persistent itching,
urinary retention, constipation, vertigo, diplopia,
dysphagia, and cranial neuropathies (3-5).

Epileptic seizures, while rare, can occur in SPS,
particularly in patients with elevated anti-GAD
antibody levels. (4). Generalized tonic-clonic
seizures are most common, but focal seizures
have also been reported. EEG findings in these
patients often reveal epileptiform activity. The
mechanism behind these epileptic seizures is
mostly unclear. Still, it is suspected that the
cause of these seizures is anti-GAD antibodies
inducing hyperexcitability by inhibiting GABAergic
pathways and decreasing the conversion of
glutamate to GABA, resulting in excessive
excitatory neurotransmission due to increased
glutamate levels (1). In our case, EEG
demonstrated sharp slow-wave activity in the
right temporo-occipital region, which resolved
following IVIG therapy.

EMG is a valuable diagnostic tool for SPS, as it
detects characteristic electrophysiologic findings,
including simultaneous contractions of agonist
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Vesicouterine fistula after cesarean section: A case report

Sezaryen sonrasi vezikouterin fistil olgusu: Olgu sunumu
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ABSTRACT

A vesicouterine fistula is an abnormal connection between the bladder and the uterus. It is a rare
condition constituting 1-4% of urogenital fistulas. Its prevalence has increased in recent years due to
the rising number of cesarean sections. Ultrasonography, cystoscopy, cystography,
hysterosalpingography, computed tomography and magnetic resonance imaging methods are used in
the diagnosis. Treatment options include conservative, medical and surgical methods. Surgical
treatment is considered as the definitive solution. In this article, a case of uterovesical fistula after the
third cesarean section was treated with surgical technique and presented with a review of the
literature.

Keywords: Vesicouterine fistula, Cesarean, Incontinence, Complication

oz

Vezikouterin fistiil, mesane ve uterus arasindaki anormal bir baglantidir. Urogenital fistiillerin %1-4'Gni
olusturan nadir bir durumdur. Son yillarda artan sezaryen sayisi nedeniyle prevalansi artmistir. Tanida
ultrasonografi, sistoskopi, sistografi, histerosalpingografi, bilgisayarli tomografi ve manyetik rezonans
géruntileme yoéntemleri kullaniimaktadir. Tedavi segenekleri arasinda konservatif, medikal ve cerrahi
yontemler yer almaktadir. Cerrahi tedavi kesin ¢ézim olarak kabul edilmektedir. Bu yazida Gglincu
sezaryen sonrasli uterovezikal fistil gelisen bir olgu cerrahi teknikle tedavi edilmis ve literatir gézden
gegcirilerek sunulmustur.

Anahtar Sézciikler: Vezikouterine fistill, Sezaryen, inkontinans, Komplikasyon

INTRODUCTION

Uterovesical fistulas are a group of rare diseases
classified among genitourinary fistulas. These
fistulas are mostly iatrogenic and commonly
develop after obstetric and gynecologic
interventions. A vesicouterine fistula is an
abnormal connection between the posterior wall
of the bladder and the anterior wall of the uterus.
It accounts for 1-4% of all urogenital fistulas (1).
In recent years, an increase in the prevalence of
these fistulas has been observed worldwide with
the increase in cesarean deliveries.
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The most common cause of uterovesical fistulas
is cesarean section operations. In addition,
prolonged labor, use of forceps, vaginal delivery
after cesarean section, uterine perforation,
gynecologic injuries and genital tract infections
may also play a role in fistula formation (2).
Uterovesical fistulas developing after cesarean
section and characterized with amenorrhea and
cyclic hematuria without urinary incontinence are
called Youssef syndrome (3). In this article, a
case of uterovesical fistula which developed after
the third cesarean section and was treated by
open surgery is presented in the light of the
literature.
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CASE REPORT 1

A 30-year-old patient, gravida 3, para 2, had a
history of two previous cesarean sections. At 39
weeks of gestation, she presented to the
emergency department with  rupture of
membranes. Due to a history of previous
cesarean sections and prolonged rupture of
membranes, the patient underwent an
emergency cesarean section. Intraoperatively, it
was observed that the bladder was adherent to
the kerr line.Adhesions were opened with blunt
and sharp dissections. The bladder was checked
by instilling 350 cc of sterile methylene blue
through a silicone catheter. No leakage was
observed. The catheter was clear. The patient
was discharged at 48th hour. On the 10th
postoperative day, the patient presented to the
outpatient clinic with a complaint of urine leakage
from the vagina. Vesicouterine fistula was
suspected on transvaginal ultrasonography
(Figure-1A).

Cystoscopy was performed under general
anesthesia.Cystoscopy revealed a 2cm
vesicouterine fistula mouth in the dome of the
bladder (Figure-1B).

The vesicouterine fistula was passed through
cystoscopy and the uterine cornu was visualized.
The abdominal layers were opened through a
Pfannenstiel incision after excising all sutures.
Following the incision, the bladder was
deperitonized. The fistula tract was then
accessed at the kerr line anterior to the uterus
(Figure-1C).

The fistula tract was accessed by adhesiolysis
between the bladder dome and the anterior
uterine wall. The fistula tract was excised
including its connections in the bladder and
uterus. The bladder wall was closed in two layers
(Figure-1D).

Upon the patient's request, bilateral tubal ligation
was performed simultaneously. Afterwards,
cystoscopy was performed again (Figure-1E).

Postoperatively, bladder irrigation was performed
with 50 cc of saline at 4-hour intervals for 48
hours. The catheter was kept in place for 15
days. At the end of this period, the catheter was
clamped every 2 hours for 24 hours for bladder
gymnastics. The catheter was withdrawn after the
gymnastics was completed. The patient has no
active complaints at the 2nd month postoperative
follow-up.
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Figure-1. Vesicouterine fistula images.

A: Vesicouterine fistula image on transvaginal
ultrasonography. B: Image of a 2 cm vesicouterine
fistula structure in the bladder dome. C: Image of
fistula tract on the kerr line anterior to the uterus. D:
Postoperative appearance of vesicouterin fistula repair.
E: Closed view of the old fistula line in postoperative
cystoscopy

DISCUSSION

Vesicouterine fistulas are rare genitourinary
fistulas which are usually observed after obstetric
procedures such as cesarean section operations.
This condition, characterized by the absence of
urinary incontinence and the presence of
symptoms such as amenorrhea and cyclic
hematuria, is also known as Youssef syndrome
(3). In the literature, it has been reported that
vesicouterine fistulas are mostly caused by
bladder injury during cesarean section or
iatrogenic damage in the kerr line region. In our
case, it is thought that the fistula was formed due
to adhesions between the bladder and uterus
during the third cesarean section. In the
diagnosis, cystoscopy is critical in determining
the location and size of the fistula.

In our case, the diagnosis was made by
transvaginal ultrasonography and cystoscopy and
the fistula tract was evaluated in detail. Another
recommendation is cystoscopic fulguration and
laparoscopic approach instead of laparotomy (4).
Surgical treatment is the most effective and
definitive treatment for vesicouterine fistulas.
Surgical intervention through transvesical,
retroperitoneal, and transperitoneal approaches
remains the preferred method for treating
vesicouterine fistulae. The goal of the procedure
is to close the bladder and uterine openings
separately, with or without preserving the uterus.



(5) Using the Phannensteil incision and open
surgical technique, the fistula between the
bladder and uterus was successfully excised and
the bladder wall was repaired in two layers. In
addition, bilateral tubal ligation was performed
simultaneously according to the patient's request.
Porcaro et al. reported that emptying the bladder
before obstetric surgeries and careful lower
segment uterine dissections minimize the risk of
uterovesical fistula formation (6). Bettez et al.
reported that conservative treatment method can
be applied if the diagnosis of uterovesical fistula
is made immediately after delivery and
successful results of early surgery in selected
cases have been reported in the literature (7).
Bonavina, et al. applied open surgery,
laparoscopic or robotic methods in treatment,
while conservative approaches may also be
effective in small fistulas diagnosed early. In the
study, it is emphasized that surgical technigues
are generally successful, but complications can
be prevented by reducing cesarean section rates
and surgical attention. The author emphasizes
the importance of preventing unnecessary
cesarean sections and increasing the experience
level of surgeons (8). Rao et al. emphasized that
early diagnosis and appropriate surgical
intervention increase recovery rates. Patient
outcomes are generally satisfactory and
complication rates are low (9). The study by
Jozwik et al. emphasizes that the most common
cause of vesicouterine fistulas is cesarean
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complications and menuria (menstrual bleeding
with urine) is a distinguishing symptom in the
diagnosis. Surgical repair has been determined
as the most effective method of treatment and
has been shown to have high success rates.
Early diagnosis and appropriate surgical
intervention provide complete recovery of the
patients' symptoms. Bladder catheterization in
the postoperative period is frequently preferred to
support recovery in patients who have undergone
fistula repair (10).

In our patient, the 15-day catheterization period
was completed smoothly, and no complications
were observed during follow-up.

CONCLUSION

Although vesicouterine fistulas are rare, they are
a complication that should be carefully evaluated
in patients at risk after cesarean section. Early
diagnosis and appropriate surgical intervention
play an important role in restoring the patient's
quality of life. In this case, a successful fistula
repair was performed by open surgery and the
patient was discharged completely
asymptomatic. While the surgical technique
provided an effective solution in the management
of vesicouterine fistulas, it was once again
emphasized that careful preoperative planning
and surgical execution are the keys to success.
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ABSTRACT

Peripheral nerve injuries present significant challenges to patients and require intensive and costly
treatments. The utilization of biomaterials is an effective treatment method. Personalized biomaterials
are promising for the regeneration of damaged peripheral nerves. Stem cells have an important role in
modern treatment methods because of their properties and promise to solve diseases requiring tissue
regeneration, such as peripheral nerve damage. In this review, we aimed to investigate the
relationship between stem cells and biomaterials, considering their different origins and potential
compatibility in facilitating the regeneration of peripheral nerve injury.

Keywords: Peripheral Nervous System, Stem Cell, Biomaterials, Regeneration

oz

Periferik sinir yaralanmalari hastalar i¢in 6énemli zorluklar olusturur ve yodun ve maliyetli tedavi
gerektirir. Biyomateryallerin kullanimi tedavide etkili bir ydntem sunmaktadir. Kisisellestirilmis
biyomateryaller, hasar gérmus periferik sinirlerin yenilenmesi i¢cin umut vaat ediyor. Kok hicreler,
sahip olduklari 6zellikler nedeniyle modern tedavi ydntemlerinde énemli bir yere sahip olup, periferik
sinir hasari gibi doku yenilenmesi gerektiren hastaliklarin ¢6zimuinde umut vadediyor. Bu derlemede,
kok hicreler ile biyomateryaller arasindaki iliskiyi, bunlarin farkl kdkenlerini ve periferik sinir hasarinin
yenilenmesini kolaylastirmadaki potansiyel uyumlulugunu g6z o6ninde bulundurarak arastirmayi
amacladik.
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INTRODUCTION

Peripheral nerve injuries can arise from
accidents, trauma, or infections, and may lead to
intense neuropathic pain, sensory impairment,
and partial or complete loss of motor and
autonomic functions depending on the type of
injury. To reduce or eliminate these losses,
researchers have conducted studies to enhance
the quality of life of patients (1). Regeneration of
the peripheral nervous system (PNS) has been a
central research focus, yielding promising results.
One of the defining characteristics of the
peripheral nervous system (PNS) is its capacity
for regeneration, which sets it apart from the
central nervous system (CNS). Moreover, nerve
regeneration occurs in target organs (2).
Schwann cells (SC), which are associated with
peripheral nerves, support repair in many tissues
and contribute to regeneration through their
migratory abilities (3).

The regeneration of fibers in the peripheral
nervous system (PNS) allows for the repair of
damaged nerves and restoration of their lost
functions. This review discusses the structure of
scientific research on the regeneration process
and current treatment mechanisms involved. It
examines the role of biomaterials and stem cells
in the treatment of peripheral nerve injuries. It

also considers potential future treatment methods
for peripheral nerve regeneration.

Central and Peripheral
Basic Differences

The human nervous system or neural network is
a system consisting of two parts: the CNS and
PNS. Glial cells support neurons. Each neuron
connects to other neurons to process sensory
information and respond to signals. The CNS
consists of the brain and spinal cord, whereas the
PNS is a cranial, spinal, and peripheral nerve
network. Neurons and glia are cells found in CNS
and PNS. Neurons generally consist of three
main parts: perikaryons, also called cell body,
dendrite  extensions extending from the
perikaryon and supported by microtubules, and
axons (4,5,6). The neurons were classified
according to the number of extensions that
emerge from their bodies (Table-1).

Nervous System:

Glial cells are cell types that can proliferate and
provide mechanical support to neurons. They are
also involved in nutrition, myelin sheath
formation, and protection. There are different
types of glia in the CNS and the PNS. Neuroglia
in the CNS are called central neuroglia and glia in
the PNS are called peripheral neuroglia and are
classified as follows (7,8) (Table-2).

Table-1. Classification of Neurons According to the Extensions Protruding from Their Body (8)

TYPES OF NEURON NUMBER OF AXON

NUMBER OF DENDRITE

Multipolar Neuron It has a single axon.

Bipolar Neuron It has a single axon.
Pseudounipolar
Neuron

Anaxonic Neuron

It has two or more dendrites.

It has a single dendrite.

They have a single extension extending from the perikaryon region, one end extends to the
peripheral ending and the other to the CNS.

It does not have a true axon. It has multiple dendrites. They do not produce action potentials;

they regulate the electrical impulses of their neighbouring neurons.

Table-2. Classification of Neuroglia.

CENTRAL NEUROGLIA

PERIPHERAL NEUROGLIA

Astrocytes
Oligodendrocytes
Ependymal cells

Microglia

Schwann cells
Satellite cells
Enteric Neuroglias

Teloglias

Volume 64 Issue 2, June 2025 / Cilt 64 Sayi 2, Haziran 2025

403



Astrocytes in the CNS are the largest neuroglial
cells and have star-like cytoplasmic extensions.
They play a role in forming the blood-brain
barrier, substance transport, and neurogenesis
(8,9). Oligodendrocytes are involved in myelin
sheath production in the CNS. It is also known
that these neuroglial cells provide nutritional
support for neurons (8,10). Ependymal cells are
neuroglial cells involved in the production of
cerebrospinal fluid (CSF) and they line the
canalis centralis in the spinal cord. Ependymal
cells, which are ciliated epithelial glia, are
involved in brain homeostasis and metabolism
(8,11). Microglia are the smallest glial cells and
although they are structurally different, they
resemble macrophages in their antigen
presentation and phagocytosis functions; they
are small neuroglia involved in neuroinflammation
and defense (8,12).

SCs, similar to oligodendrocytes, which are
responsible for myelin sheath formation in the
CNS, these cells are also responsible for myelin
sheath formation in the PNS. Glia is responsible
for the protection and nutrition of axons (8,13).
Satellite cells, as the name suggests, form a
microenvironment surrounding neuronal
perikaryons and provide electrical insulation. In

Peripheral Nerve Structure and Function

The peripheral nerve consists of a ventral and a
dorsal root, each of which originates from the
spinal cord. It contains both the motor and
sensory neurons. The nerve fibers in the PNS
come together in bundles and form nerves. This
nerve organization includes axons and SC. The
outer layers of these cells contain reticular fibers,
fibroblasts, and capillaries. Together, these
structures form the endoneurium, which is the
innermost layer of the peripheral nerve. The
perineurium layer surrounds the nerve fibers and
regulates the microenvironment of the fibers. The
outermost layer of the nerves is the epineurium,
which protects the nerve fibers by holding them
together. Myelinated and unmyelinated fibers are
present between these nerve fibers. The myelin
sheath is a structure consisting predominantly of
lipids that enable faster transmission of impulses
in the nervous system. The conduction velocity in
unmyelinated fibers is very low compared to that
in myelinated fibers. PNS is divided into two as
autonomic and somatic nervous systems. The
autonomic nervous system is also divided into
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the context of enteric neuroglia, it is known that
these cells play a role in maintaining homeostasis
and regulating digestive-related  muscles
associated with neurons in the ganglia of
digestive organs within the autonomic nervous
system (8,14,15). The teloglia is a neuroglial cell
type that covers the nerve terminal at the end of
the motor nerve fiber (8).

CNS and PNS are two parts of the vertebrate
nervous system. There are differences between
the cells of these systems and some of the tasks
they fulfill. The CNS consists of the brain and
spinal cord, while the PNS includes other nerves
in the body - the nerves to the internal organs
and the nerves to the limbs. The CNS is an
information-processing mechanism that performs
high-level neural activities such as memory and
thinking. The peripheral neural network transmits
signals and information generated by CNS
activity to various parts of the body, as well as
information generated by sensory activities such
as touch and vision to the CNS. Both systems
have glia with similar functions that provide
support to neurons. With these similarities and
differences, these two systems work interactively,
providing neural control in the body and
constituting the nervous system (16).

two parts as sympathetic and parasympathetic
and these systems work together to regulate the
involuntary functions of the internal organs and
provide homeostasis, while the somatic nervous
system controls voluntary responses that
regulate muscle movements as well as sensory
perception (6,17,18).

PNS establishes a connection between the CNS
and the systems of the body. This communication
occurs through the afferent and efferent fibers.
While afferent fibers carry signals to the CNS,
efferent fibers carry impulses from the CNS to the
target organs. Depending on the direction of
these impulses, sensory and autonomic ganglia
function. The ganglia are oval structures that
transmit signals to the nervous system. The PNS
is a complex neural network system responsible
for sensory transmission and motor function,
control of reflexes, digestion of nutrients and
regulation of respiration, control of smooth
muscles, and regulation of homeostasis by
working together with the CNS with all these
structures (6,18,19) (Figure-1).
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Figure-1. Peripheral Nervous System Subdivisions

Regeneration and Treatment of Peripheral
Nervous System Injury

Peripheral Nerve

Process

Injury and Regeneration

Peripheral nerve injury is a common and life-
threatening process that can occur as a result of
traumatic situations and injuries such as traffic
accidents, nerve compression, inflammation, and
exposure to toxic chemicals such as alcohol and
cigarettes. The incidence of peripheral nerve
injuries in the community ranges from 13 to 23
per 100,000 people. A decline in the quality of
life experienced by individuals with peripheral
nerve damage has a detrimental impact on both
the patient and their relatives, resulting in
material and moral loss. In later periods, this
nerve damage may result in loss of function
(17,20,21).

Now, robust regeneration mechanisms of
peripheral nerves have become operational.
Zhang et al. delineated the peripheral nerve
repair process into two phases: the remodeling of
the organs by the CNS through the repaired
peripheral nerve and the backward remodeling of
the distal target organs by the CNS through the
repair of the peripheral nerve. The regeneration
process is initiated by phagocytosis of
substances that cause nerve degradation by SC
and macrophages. In the peripheral nerve,
regeneration occurs from the proximal end to the
distal end. Macrophages stimulate SCs for nerve
growth by producing interleukin-1 (IL-1). SC are
involved in axonal sprouting during regeneration.
In this respect, SCs are an essential element in
peripheral nerve regeneration (5,22).

During the process of peripheral nerve damage
and repair, we encountered a condition called
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Wallerian degeneration. Wallerian degeneration
refers to the degeneration of the distal part as a
result of the destruction of axons and is defined
as one of the basic reactions in the PNS. This
degeneration process generates an inflammatory
response associated with the upregulation of
signaling molecules such as cytokines and
chemokines during the regeneration process
(23,24).

Growth factors (GFs) are some of the molecules
commonly involved in peripheral nerve
regeneration. GFs are involved in various
biological activities, especially tissue repair by
regulating cellular communication and are protein
molecules that provide cell growth and division.
GFs are directed to the damaged area through
various nerve guide channels (NGCs), and axon
regeneration in the degenerated area is triggered
by the long-term, controlled release of GFs at
adequate concentrations. Considering the wide
variety of studies conducted, growth factors such
as vascular endothelial growth factor (VEGF),
nerve growth factor (NGF), and neurotrophic
factors from bone morphogenetic proteins
(BMPs) increase peripheral nerve regeneration
capacity. In this process, various signaling
pathways are effective in supporting the survival
of neurons and the regeneration process. In
some of these pathways, the PI3K/Akt signaling
pathway comes first and plays a role in regulating
cell proliferation, structural and morphological
changes, migration, and apoptosis. The
MAPK/ERK signaling pathway is involved in axon
growth and myelination of regenerating axons,
whereas the JNK/c-Jun signaling pathway can
also be induced by growth factors and is involved
in the plasticity of axons with remyelination (25).

Laminin and fibronectin, called neurite promoting
factor (NPF), are glycoprotein molecules that
have a positive effect on growth in the
regeneration zone. NPF molecules are found in
the basal lamina of the SC, as in laminin, and
adhesion molecules such as neuron adhesion
molecule (NCAM) and N-cadherin, found in the
membrane of the SC, have positive effects on the
regeneration process (5,25). Additionally,
different transcription factors are expressed
following peripheral nerve injury. Transcription
factors are regulatory protein molecules that
mediate the transcription of the genetic
information of DNA into RNA by interacting with
various proteins and enzymes. As stated by
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Zhang et al., the transcription factors known to
affect regeneration are as follows:

KIf4 and c-Myc, when examined in mouse retinal
ganglion cells (RGC), it was reported that Klif4
deficiency induced regeneration of the damaged
sciatic nerve and c-Myc expression in the
damaged optic nerve accelerated axon growth.
After sciatic nerve injury, the expression of the c-
Jun transcription factor increased in motor and
sensory neurons, suggesting that it plays a role in
the recovery of motor functions and is also an
inducing force in SC reprogramming. It has been
reported that the Krox-20 transcription factor is
involved in the myelination process of peripheral
nerves and is an initiator of SC reprogramming
(25).

Current Treatments Used in
Nervous System Injuries

Peripheral

PNS injuries are traumas with severe damage
and high persistence and are very difficult to
treat. The most important reason for the difficulty
in the successful repair of PNS injury is the very
slow healing rate (26). Research on the
development of different treatment methods and
tools has been focused on the fact that post-
traumatic damage in the PNS is financially
challenging and can relieve the person in terms
of spirituality. For example, studies on GFs,
microsurgery, autograft and allograft therapies,
NGC, neural stem cells, and SC, and the use of
one or a combination of the two are being
conducted. In none of the studies conducted to
date, a treatment method that is expected to be
effective in a way that will not cause financial
difficulties to the individual and in addition to this,
will completely eliminate the damage that has not
been developed (27).

Re-functionalization of the PNS damage depends
on many distinct factors such as the localization
and size of the damage, the patient's condition,
damage to the nerve cells, and the recovery
capacity of the nerves are important in the choice
and process of treatment (28).

Currently, the most widely accepted method is
microsurgery, but the disadvantage of this
method is that it cannot prevent degeneration in
neural conduction bundles because it cannot
reduce the production of neurotrophic factors and
does not guarantee functional recovery. Which
approach is chosen among microsurgical
applications is important and several factors
determine this choice, such as the condition of
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the trauma, experience of the surgeon, patient-
specific conditions (age, condition, etc.), and
suitability of the trauma for treatment (27). If the
gap in the nerve bundle is 1 cm or more,
autologous or allogeneic nerve transplantation is
performed to assist the microsurgical procedure;
autologous nerve transplantation is more
preferably used in PNS injury and is performed
through SC and GF (29). Another procedure is to
suture the two nerve endings from beginning to
end, and this method attracts more attention from
researchers owing to its more favorable clinical
results. The most fundamental problem in
allogeneic nerve transplantation is that the
desired response cannot be obtained because of
the rejection of the immune system. Although
various immunomodulators have been used to
eliminate immune system rejection, effective
results have not been obtained (30).

The use of stem cells as another treatment
method is common. It is generally aimed at
supporting the nerve regeneration process in
damaged areas by planting stem cells in
appropriate polymers. Polymers are preferred
owing to their high biocompatibility. Polypyrrole is
the most preferred and widely studied polymer.
Along with stem cells, neurotrophic factors and
neural progenitor cells are also used because
they have a positive effect on nerve regeneration
owing to the improvement of action regeneration
(26).

Some pharmacological treatment methods (4-
aminopyridine (4-AP), erythropoietin and steroid
hormones are some of the drugs mentioned)
have been reported to improve myelination and
nerve regeneration in peripheral nerve damage,
but there are no clinically approved drugs (28).

The role of SC in nerve regeneration is to
contribute to nerve regeneration resulting from
peripheral damage by cooperating with stem cells
and thus helping to repair peripheral nerve
damage (31). SC is important for creating a
suitable regeneration environment after
peripheral damage by producing neurotrophic
factors and for the regeneration of damaged
axons (32). In addition, studies have shown that
SC is a good option for the elimination of
damages caused by surgical applications (31).
Finally, the use of SC and various stem cells
together in PNS damage is considered a
promising approach in terms of bringing a
different perspective to existing treatments or
creating a new treatment process (33).
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In conclusion, the most appropriate treatment for
patients with peripheral nerve injury is the one
that best suits the individual's condition. Although
various treatment modalities are currently
available, there is still no adequate and definite
treatment modality that can obtain a definite
result, because every treatment cannot be
applied to every patient.

Stem Cells and Peripheral Nervous System
Stem Cell-Based Treatment Strategies

Stem cells possess the capacity to self-renew
and differentiate into specialized cells. The
primary rationale for utilizing stem cells in PNS
injuries is to facilitate the generation of new cells
to replace those that are dysfunctional or
stimulate regeneration in the degenerated area.
After repair, axonal regeneration at the distal end
of the nerve requires a biochemically appropriate
environment and the most suitable structure for
this environment is the SC (34). The repair
process progresses differently depending on the
damage in the PNS. SC and mesenchymal stem
cells are accepted as appropriate for treatment
(17). It has been found that the increase or
decrease in the proliferation of SC is effective in
the repair of axons and it has been observed to
be effective in the repair of large gaps in the
distal nerve end denervation and proximal
injuries in peripheral nerve damage (34). As a
result of recent studies, the importance of SC in
nerve autograft studies has been emphasized
and alternative methods have been found (29).

Stem cells are used in tissue and bioengineering-
based applications and are one of the most
frequently preferred treatment methods for
various diseases and PNS injuries, which are
also the focus of this review. Utilizing the
properties of stem cells, repair and regeneration
of nerve damage and migration of new stem cells
to the damaged area or target area are the main
methods for the treatments used and current
therapies are shaped around these abilities.

Stem Cell Types and Applications to
Peripheral Nervous System

Stem cell types to be used in treatment methods
can be obtained from different tissues and organs
and are suitable for specific use. The source of
the stem cells used in these applications varies
due to the use of patient-specific treatment
methods, considering the damage that each
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patient has and the size and location of the
damage. When transplanting stem cells to
patients, they can be used with different
biomaterials with high biocompatibility.

This review examines the various types of stem
cells employed in the treatment of PNS injuries,
their respective applications, and the relationship
between stem cells and SCs.

Neural Stem Cells

Neural stem cells, which are the primitive cells of
the nervous system and can differentiate into
neurons and neuroglial cells, are stem cells that
should be used in PNS injury. These are the
most important sources of nerve regeneration
(35). The subventricular and subgranular regions
in the brain are the primary sites of neural stem
cells (34). Various studies have shown that the
implantation of neural stem cells into PNS
damage has favorable effects (34). It has been
observed that neural stem cells transplanted into
damaged areas of the peripheral nervous system
can differentiate into nervous system cells,
including neurons and SC-like cells (35). They
promote angiogenesis by synthesizing the trophic
and growth factors required for nerve
regeneration. They also repair and support nerve
growth and myelination (35).

Stimulated/Induced Pluripotent Stem Cells
(iPSC)

Although iPSCs are very similar to embryonic
stem cells, they have some differences (34): they
can differentiate into different cell lines, whereas
undifferentiated iPSCs can differentiate into many
different cell types, including myelinated SC and
neural crest stem cells. The addition of iPSC to
NGC enhances the recovery of the nerve gap
and axonal growth (35).

One of the disadvantages of iPSC is that they
may cause malignancy; since they originate from
somatic cells, they may have epigenetic
memories of these cells, which may make them
more malignant (34,35).

Mesenchymal Stem Cells (MSCs)

The therapeutic use of MSCs for nerve
regeneration is intensive. MSCs are multipotent
stem cells derived from various tissues. The
tissues from which they are obtained include the
umbilical cord, bone marrow, dental pulp, and
Wharton's jelly (36). Allogeneic transplantation is
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possible in PNS damage because of their
characteristics such as easy isolation and lack of
differentiation (31). The repair capability of MSCs
not only in PNS injury but also in cardiovascular
disorders, neurological diseases, bone repair,
etc. is preferred in terms of providing support to
the treatment process (30). Simultaneously,
because of their ability to synthesize neurotrophic
factors, self-renewal, differentiation into cells
such as SC, and migration, MSCs are one of the
factors supporting regeneration in tissue damage,
which causes them to play an important role in
peripheral nerve damage (31).

In addition, mesenchymal stem cells can adhere
to plastic and because of this ability, they are
frequently used in studies using NGC made of
polymers. These studies were usually performed
by damaging the sciatic nerve in rats. Stem cells
combined with appropriate GF were added to the
surface of the NGC and placed in the damaged
area to support the regeneration of the two ends
of the cut nerve by stem cells.

Orofacial Stem Cells

The origins of orofacial stem cells vary; dental
pulp, deciduous teeth, and gingiva are some of
them and they are isolated from these tissues.
Orofacial mesenchymal stem cells (MSCs) are
multipotent stem cells that exert
immunomodulatory effects. Orofacial stem cells
share a common embryonic neural crest origin
and form orofacial tissues by preserving certain
features of neural cells. Some mesenchymal
stem cells are a source of orofacial stem cells
(29).

The relationship between orofacial stem cells and
PNS damage is that orofacial mesenchymal stem
cells express neurotrophic factors such as brain
derived neurotrophic factor (BDNF) and nestin at
higher rates that other MSCs and it is easier to
differentiate into nerve cell types because they
originate from neural cells. In this case, it shows
us that orofacial MSCs are more suitable for use
in regeneration-based treatment methods than
other MSCs for PNS damage (29).

Mesenchymal Stem Cells Derived from Bone
Marrow

Mesenchymal stem cells obtained from bone
marrow can differentiate from all three embryonic
layers - ectoderm, mesoderm, endoderm - and
synthesize neurotrophic factors, myelin basic
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protein, and GF differentiate into SC-like cells
and participate in nerve regeneration for repair.
One disadvantage of this method is that it is
painful. In studies performed in combination with
bone marrow stem cells, repair was faster
because of the presence of bone marrow stem
cells (37). At the same time, when compared
with other stem cell sources, proliferation and
differentiation ability is less, and stem cell
potential is low (34).

Olfactory Mesenchymal Stem Cells

Olfactory mesenchymal stem cells are a type of
mesenchymal stem cell that originates from the
ectodermal germ layer and the neural crest,
moreover they are easily collected due to their
location in the nasal cavity (38). The biggest
difficulty in the use of MSCs is collecting them
from the anatomical niches where they are
located, but this is not the case for olfactory
mesenchymal stem cells due to their anatomical
location. Olfactory mesenchymal stem cells are
capable of immune modulation and can stimulate
and modulate trophic factors required in
damaged tissues (39).

Although there are a limited number of studies on
olfactory mesenchymal stem cells in vivo, these
stem cells have been shown to have therapeutic
potential in neurodegenerative diseases and the
treatment of spinal cord injury (38).

Mesenchymal Stem Cells Obtained from
Umbilical Cord and Cord Blood (UC-MSCs)

Stem cell harvesting from the umbilical cord (UC)
raises ethical questions because it is difficult to
use and access. However, UC-MSCs have
greater proliferation and differentiation capacity
than MSCs, and studies using UC-MSCs have
shown increased axon regeneration after PNS
injury (30).

Cui et al., collagen nerve conduit and UC-MSCs
were combined and used to stimulate
regeneration in the damaged area of artificially
induced sciatic nerve injury in dogs and as a
result of the experiment, it was observed that the
damage to the sciatic nerve positively affected
regeneration (30).

from

Mesenchymal Stem Cells Derived

Gingiva and Dental Pulp

They can be isolated from various tooth tissues
(dental pulp, gingiva, papilla, deciduous teeth,
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etc.). Dental pulp stem cells (DPSC) obtained
from molars do not cause some ethical
controversies as in the harvesting of some stem
cells (27), and they have higher
immunomodulation and self-renewal abilities than
other types of stem cells; therefore, they are used
as an alternative source in studies in the field of
regenerative medicine (36). They are multipotent
stem cells originating from the neural crest, which
demonstrate  their capacity to undergo
neurological differentiation when exposed to
environments different from normal (27).

Recent studies have found that human DPSCs
can differentiate into neural progenitor cells,
which in turn can differentiate into SC-like cells.
DPMSCs have also been found to support
regeneration and repair in conditions such as
spinal cord injury and nerve damage (36).

Adipose Stem Cells

Adipose stem cells have generally been found to
have similar characteristics to bone marrow stem
cells (40). They represent another source of
multipotent stem cells capable of differentiating
into all three germ layers (37). Since they are
derived from the stroma of adipose tissue, their
accessibility is high, they can be collected at
higher rates compared to bone marrow stem
cells, and their differentiation and proliferation
abilities are considerably higher compared to
other MSC types (17). Neurons and SC-like cells
are produced from differentiated adipose stem
cells and some studies have found that adipose
stem cells may be as effective as autologous SC
(34).

Stem Cells Derived from Skin and Hair Follicle

Skin-derived stem cells are found in the dermis
and are multipotent, whereas stem cells derived
from hair follicles are easily accessible pluripotent
stem cells. Skin stem cells are very similar to
neural crest cells and express significantly with
SC when cultured with neuregulin, which is
known to promote the proliferation and
differentiation of SC (34).

Hair follicle stem cells originate from the neural
crest and the follicle contains nestin, which
stimulates the production of neural progenitor
cells that can differentiate into neurons and
neuroglial cells. In very few studies,
undifferentiated hair follicle stem cells were used
in sciatic nerve injury, and it was observed that
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they differentiated into SC-like cells and

participated in myelination (34).

Clinical Studies

Current (Experimental) Clinical Research and
Findings on Biomaterials and Stem Cells in
PNS Damage

Due to the decrease in the quality of life of
patients with peripheral nerve damage and the
occurrence of great material and moral losses,
researchers have intensified studies on the repair
and regeneration of peripheral nerve damage in
recent years. The development of new materials
and methods with advancements in science has
increased the belief that promising treatments
can be realized.

In a study conducted by Berrocal et al. in 2013 on
the repair of peripheral nerve defects in rats, a
collagen tube with the SC was used to
successfully close long segmental gaps in the
PNS. When we examined the findings of the
study, it was found that in the group with collagen
tubes, axons grew and extended to distal nerves.
Thus, they stated that directing the SC to the
nerve defect through a collagen channel realized
nerve repair and that the repairable distance
increased, and that they took the first steps in the
use of the SC in peripheral nerve repair (41).

A clinical study conducted by Bozkurt et al. in
2014 evaluated the use of nerve guides in the
proximal medial sural nerve biopsy model. In this
study, a micro structured nerve guide
(Neuromaix) was used. It was reported that
regenerating axon clusters were formed in all 11
patients included in the study, and this model
was proposed as a valid technique for
reproducible peripheral nerve-guide evaluation in
humans (42).

In 2018, Saeki et al. conducted a clinical trial to
test the efficacy of new collagen channels filled
with collagen filaments in patients with peripheral
nerve injuries. Of the patients included in the
study, 49 underwent artificial nerve tract grafting
and 7 underwent autologous nerve grafting.
Postoperative improvement in sensory function
was found in 21 patients in the artificial nerve
tract graft group and in 4 patients in the
autologous nerve graft group. Collagen plays an
important role in nerve regeneration by forming
epineural and perineural sheaths, suggesting that
an artificial nerve pathway graft is a suitable
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alternative to autologous
peripheral nerve injury (43).

nerve grafts for

In 2018, Neubrech et al. investigated the role of
chitosan nerve tubes in the healing of sensory
nerve lesions in the hands. These studies
concluded that the additional use of chitosan
nerve tubes for primary nerve repair in digital
nerve lesions enhances nerve healing and is
effective in increasing sensory peripheral nerve
regeneration ability as a result of tactile gnosis
and sensitivity tests (44).

In a 2022 study by Dastagir et al., the
effectiveness of nerve guides in healing the sural
nerve was investigated. The results showed that

patients with vascular grafts had better lateral
foot sensitivity regeneration compared to those
without, leading to the conclusion that distal sural
nerve biopsy can serve as a model for evaluating
peripheral nerve regeneration (45).

Comparative Treatment
Approaches

Analysis of

Here the provided table explains a comparative
analysis of various treatment approaches,
highlighting key data on the effectiveness and
side effects of each method. This information
enhances our understanding of the differences
between treatment options (Table-3).

Table-3. Various Biomaterials Used in Peripheral Nerve Injury.

Living Organisms Material

Used in the Study

Method

Conclusion

Fischer Rat A collagen tube Through an incision made on the Increase of the repairable distance
filled with SC right iliac crest, the nerve part between the two ends of the
was resected to create a gap, and damaged nerve (41).
the NeuroGen tube was added.

Human Neuromaix, a Nerve biopsy and placement of A reproducible model has been
nerve guide Neuromaix between nerve suggested with the formation of
prepared for endings regenerating axon clusters in patients

peripheral nerve (42).
defects

Human New collagen Artificial nerve graft was applied It has been stated that collagen offers

channels filled to the patients and compared an alternative treatment for
with collagen with patients who had peripheral nerve regeneration with
filament autologous nerve grafts. its ability to repair peripheral nerve
sheaths (43).
Human Chitosan nerve The efficiency of using a chitosan It has been observed that the
tube nerve tube in the sensory nerve additional use of chitosan nerve
lesion healing process was tubes increases nerve healing (44).
investigated with sensitivity and
tactile gnosis.
Human Vascular graft A sural nerve biopsy was According to sensory test results, it
performed, and sensory tests has been reported that there is an
were performed by placing the increase in lateral foot sensitivity and
proximal and distal nerve endings better regeneration in patients in
into a vascular graft. whom vascular grafts were used (45).
Human Hyaloglide, a A microsurgical procedure was The application of hyaloglide
cross-linked and performed on the peripheral supported the regeneration of nerve
biocompatible nerves in the hand and the gel tissue and enabled the healing of
hyaluronan gel was applied intraoperatively lesions by creating a favorable
along the damaged nerve. microenvironment (46).
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Limitations

Challenges in Research and Practice:
Limitations of Current Treatment Methods

Every study brings along ethical and economic
debates regarding its results. In studies of stem
cells, the methods of obtaining stem cells are the
most frequently discussed ethical issues. It is
thought that expanding the field of study by
considering the rights of individuals in ethical
issues will bring discoveries and treatment
methods. This situation obliges scientists who do
not want to experience ethical conflicts to look for
alternative ways and sometimes these alternative
ways may force the research group economically.
By increasing the budget allocated to scientific
experiments, new scientific studies can be added
to the literature by expanding the working areas
of research groups and facilitating their access to
materials. In addition to all these, another
limitation is to ensure biocompatibility in
biomaterial-based studies. Researchers expect
that biomaterials produced from the polymers
used in their studies, such as NGC, can become
fully biodegradable in the living body after
completing their function. However, no definitive
solution has been found in current studies.

Conclusion and Expectations

Overview of Innovative Treatment

Approaches

Peripheral nerve damage has severe and difficult
consequences and affects the health of a living
person physically and mentally. Many scientists
have conducted various studies to reverse this
situation. Scientists are working on current
treatment methods such as stem cell therapy,
biomaterials, and the combined use of stem cells
and biomaterials. As we have frequently stated in
the review, different perspectives should be
added to current treatments with combinations
that consider the patient's condition and damage.
The diversity of treatment methods is important in
terms of not having the same needs and damage
for each patient.

Future of the Field and Possible

Developments

Significant advances will be made in the field of
peripheral nerve repair shortly. Furthermore, the
increasing utilization of in silico studies, such as
molecular docking, will facilitate the development
of novel approaches to repair and regeneration,
which  will not only complement surgical

interventions but also enhance the efficacy of
existing pharmacological agents. Consequently,
treatment of peripheral nerve injury may be a
more straightforward endeavor. However, it is
postulated that the efficacy of these treatments
will be optimized if they are tailored and specific.

ADDITIONAL SECTION

Firstly, literature databases such as PubMed and
WoS (Web of Science) were searched for the last
10 years (2014-2024) by typing ‘peripheral nerve
injury, current treatments’, ‘stem cells and
peripheral nerve injury treatment’, ‘(name of the
relevant stem cell) and peripheral nerve injury’
and the appropriate articles were taken as
reference.

Abbreviations Used in the Review:
PNS: Peripheral Nervous System

CNS: Central Nervous System

SC: Schwann Cell

CSF: Cerebrospinal fluid

GF: Growth factor

NGC: Nerve Guide Channel

VEGF: Vascular endothelial growth factor
NGF: Nerve growth factor

BMP: Bone morphogenetic protein

NPF: Neurite promoting factor

NCAM: Neuron adhesion molecule

RGC: Retinal ganglion cell

PPy: Polypyrrole

iPSC: Induced Pluripotent Stem Cells
MSC: Mesenchymal Stem Cells

BDNF: Brain Derived Neurotrophic Factor
UC: Umbilical cord

UC-MSCs: Mesenchymal stem cells obtained
from umbilical cord and cord blood

DPSC: Dental Pulp Stem Cells
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Cancer stem cells and the SHH pathway in malignant melanoma: Therapeutic
implications
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ABSTRACT

Melanoma is an aggressive skin cancer arising from melanocytes. Melanoma is a complex disease,
sourced from genetic and environmental factors. Within melanoma, cancer stem cells (CSCs) play a
crucial role in tumor progression, therapeutic resistance, and recurrence due to their capabilities for
self-renewal and differentiation. The Sonic Hedgehog (SHH) signaling pathway is an important
regulator of CSCs and is essential for cell differentiation and proliferation. Due to the known role in
embryonic development and involvement in cancers, SHH pathway significantly affects CSC behavior
in malignant melanoma, promoting tumorigenicity, metastasis, and resistance to therapies. This
pathway coordinates canonical mechanisms involving Gli transcription factors and non-canonical
mechanisms affecting cell migration and cytoskeletal organization. Targeting the SHH pathway has
emerged as a promising therapeutic strategy, with inhibitors focusing on components like Smoothened
(Smo) and Gli proteins. However, resistance to these inhibitors necessitates further exploration of
novel therapeutic combinations. Current research focuses on combining SHH inhibitors with
immunotherapies for more effective, long-lasting responses. Targeted medicines, which disrupt SHH
processes, attempt to eliminate the fundamental causes of carcinogenesis and increase melanoma
patient survival rates.

Keywords: Melanoma, Cancer Stem Cells (CSC), Sonic Hedgehog (SHH) Signaling Pathway,
Therapeutic Resistance, Metastasis

oz

Melanom, melanositlerden kaynaklanan agresif bir cilt kanseridir. Melanom hem genetik hem de
cevresel faktérlerden kaynaklanan karmasik bir hastaliktir. Melanomda, kanser kOk hiicreleri
(CSCl'ler), kendini yenileme ve farklilasma yetenekleri nedeniyle timoér ilerlemesinde, terapétik
direngte ve niiksde énemli bir rol oynar. Sonic Hedgehog (SHH) sinyal yolagi CSC'lerin énemli bir
dizenleyicisidir ve hlicre farklilasmasi ve ¢ogalmasi igin gereklidir. Embriyonik gelisimdeki ve
kanserlerdeki rolii bilindiginden, SHH yolagi melanomda CSC davranigini énemli élgiide etkileyerek
timérijenisiteyi, metastazi ve tedavilere direnci tegvik eder. Bu yolak, Gli transkripsiyon faktérlerini
iceren kanonik mekanizmalari ve hiicre gbglnli ve hiicre iskeleti organizasyonunu etkileyen kanonik
olmayan mekanizmalari koordine eder.
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SHH yolaginin hedeflenmesi, Smoothened (Smo) ve Gli proteinleri gibi bilesenlere odaklanan
inhibitérlerle umut verici bir terapétik strateji olarak ortaya ¢ikmigtir. Bununla birlikte, bu inhibitériere
karsi direng, yeni terapétik kombinasyonlarin daha fazla arastiriimasini gerektirmektedir. Mevcut
arastirmalar, daha etkili ve uzun sireli yanitlar icin SHH inhibitérlerini immiinoterapilerle birlestirmeye
odaklanmaktadir. SHH siireglerini bozan hedefe yénelik ilaglar, karsinogenezin temel nedenlerini
ortadan kaldirmaya ve melanom hastalarinin hayatta kalma oranlarini artirmaya ¢alismaktadir.

Anahtar Sézciikler. Malign Melanom, Kanser K6k Hiicreleri (CSC), Sonic Hedgehog (SHH) Sinyal

Yolagi, Terapoétik Direng, Metastaz

INTRODUCTION

Melanocytes are the pigment-producing cells
primarily found at the epidermal-dermal junction.
Melanoma is an aggressive form of skin cancer
originating from melanocytes. Environmental
factors, particularly ultraviolet radiation (UVR)
exposure, and various phenotypic risk factors link
to the pathogenesis of melanoma.

Cancer stem cells (CSCs) within melanoma play
a crucial role in tumor progression, therapeutic
resistance, and recurrence due to their
capabilities for self-renewal, differentiation, and
immune evasion. One of the critical pathways
implicated in the regulation of these CSCs is the
Sonic Hedgehog (SHH) signaling pathway. The
SHH signaling pathway is essential for the
regulation of cell differentiation, proliferation, and
tissue polarity. It is well-known for its role in
embryonic development and its involvement in
various cancers, including basal cell carcinoma

and medulloblastoma. In the context of
melanoma, the SHH pathway significantly
influences CsC behavior, promoting
tumorigenicity, metastasis, and resistance to

conventional therapies. This pathway operates
through canonical mechanisms involving the
activation of Gli transcription factors, as well as
non-canonical mechanisms that contribute to cell
migration  and  cytoskeletal  organization.
Targeting the SHH pathway has emerged as a
promising therapeutic strategy for treating
melanoma. Preclinical and clinical settings have
explored various inhibitors targeting components
of the SHH pathway, such as Smoothened (Smo)
and Gli proteins. However, the development of
resistance to these inhibitors necessitates the
ongoing investigation of new therapeutic
combinations and novel inhibitors to improve
patient outcomes. Current research is focused on
combining SHH pathway inhibitors with other
therapies, including immunotherapies, to achieve
more effective and durable responses. The
understanding of SHH signaling in CSCs
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underscores the complexity of melanoma biology
and the need for innovative treatment strategies.
By disrupting the SHH signaling mechanisms that
maintain CSC properties and contribute to tumor
progression, targeted therapies aim to eliminate
the root causes of tumorigenesis and improve
long-term survival rates for melanoma patients.

Overview of Malignant Melanoma

Malignant melanoma stems from the pigment-
producing cells called melanocytes. These cells
originally derived from the neural crest cells and
migrate to the basal layer of the epidermis of
various parts of the body, including the skin, hair,
uveal tract, meninges, and mucosa (1). These
melanocytes are primarily located at the
epidermal-dermal junction of the skin, which is
where the majority of cutaneous melanomas
develop (2). Malignant melanoma is one of the
top five or six most common cancers and has the
highest mortality rate among skin cancers. It
accounts for 5% of cancer cases in men and 4%
in women (3) and contributes to 75% of all skin
cancer deaths (2,4,5). The formation of malignant
melanoma is primarily driven by unrepaired DNA
damage in skin cells, most commonly caused by
ultraviolet radiation (UVR) from sun exposure or
tanning beds (6). This DNA damage leads to
genetic mutations that trigger rapid multiplication
of the affected skin cells, resulting in the
formation of malignant tumors (7). These tumors
consist of heterogeneous populations of tumor
cells, including CSC which possess highly
tumorigenic and chemoresistant properties (8—
10).

Cancer Stem Cells in Melanoma

CSCs play a pivotal role in the progression and
treatment resistance of malignant melanoma.
Identified through specific biomarkers such as
ABCBS5, NGFR (CD271), and ALDH, CSCs are
instrumental in melanoma initiation and
progression due to their prolonged self-renewal
capacity, vasculogenic differentiation, and
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immune evasion abilities (11,12). These CSCs
contribute significantly to tumor heterogeneity.
These cells are characterized by their highly
tumorigenic and chemo resistant properties. They
facilitate metastatic dissemination and
therapeutic resistance, leading to malignant
recurrence (13,14). The features of CSCs, such
as low immunogenic profiles and the ability to
escape immune detection, allow them to survive
standard treatments and contribute to tumor
relapse. Consequently, targeting this
subpopulation is considered an attractive strategy
to improve therapeutic outcomes (14). Recent
research has provided pre-clinical proof-of-
concept for the potential therapeutic utility of
targeting CSCs in melanoma. Strategies that
combine CSC-targeting agents with standard
drugs may offer enhanced therapeutic options for
melanoma patients (14). These approaches
weight the unique properties of CSCs, such as
quiescence and the expression of certain
enzymes like ALDH, to overcome therapy
resistance and prevent recurrence (13). CSCs in
melanoma are also associated with unique
metabolic reprogramming, which supports their
survival and function within the tumor
microenvironment. Advances in understanding
the cellular and molecular biology of these cells
have revealed their involvement in critical
processes such as tumor dissemination,
epithelial-to-mesenchymal transition (EMT), and
angiogenesis, mediated by specific intracellular
signaling pathways (14,15). Given the aggressive
nature of malignant melanoma and its high drug
resistance, innovative therapeutic strategies
targeting CSCs hold promise. By disrupting the
regulatory networks that maintain CSC
characteristics and contribute to  tumor
metastasis, these therapies aim to eradicate the
root causes of tumor progression and resistance.
This will ultimately allow improving patient
outcomes (16,17).

SHH Signalling in Melanoma

The SHH signaling pathway has been extensively
studied in different cancer types, both because it
is an important signaling pathway of
developmental biology and because
developmental processes are like cancer. In
addition to chemical agents that inhibit the SHH
pathway, such as cyclopamine, direct silencing of
molecules in this pathway has been used to
identify potential molecules and therapeutic
targets. Cell culture-based melanoma studies
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have shown that transient silencing of Smo and
Glil in normoxia and hypoxia decreases the
invasion capacity of cells (18). Another study
reported that Glil gene expression is an
important marker for melanoma and other cancer
types. Silencing of Glil gene expression in an in
vivo melanoma model suppresses the SHH
pathway and is associated with the Kras/Akt
signaling pathway (19). Kras/Mek/Erk signalling
in SHH pathway regulates the localization and
translocation of Glil to the nucleus (19). The
mutations in Glil gene have been reported as a
biomarker for melanoma susceptibility in
melanoma patients (20).

Due to the Braf mutation in melanoma, Braf
based studies are critical. PDGFR alpha, which is
one of the molecules induced by SHH leads to
the melanoma Braf insensitivity. With PDGFR
alpha and Smo antagonist LDE225i increase the
Braf sensitivity in melanoma (21).

SHH Signaling Pathways in Cancer Stem

Cells

The SHH signaling pathway is fundamental to
how cells grow, differentiate, and establish their
organization within tissues. It plays an
indispensable role in shaping the central nervous
system (CNS) during vertebrate development,
guiding the formation of complex patterns,
determining cell fate, and directing axon growth
(22). This pathway ensures not only the
proliferation and survival of neural cells but also
their specialization into different types of neurons.
The key players in SHH signaling are the Gili
transcription factors, Glil, Gli2, and Gli3. Each of
these molecules contributes differently to the
pathway's functions (23). SHH signaling operates
through two distinct mechanisms as the
canonical and non-canonical pathways. Both
mechanisms crucial but with specific and diverse
roles in cellular regulation (22,23). Once SHH
pathway is activated, Glil translocates to the
nucleus. It drives the transcription of specific
target genes. The activation of these genes is
critical for various cellular processes. This
pathway is not only essential for maintaining
normal embryonic and somatic stem cell function
but is also highly active in CSCs, contributing to
their unique characteristics of self-renewal and
tumor initiation. Glil activation in CSCs has been
extensively studied and found to significantly
upregulate several key regulatory molecules,
including CD133, Hifla, histone deacetylases
(HDACs), and matrix metalloproteinases (MMPSs).
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These molecules play pivotal roles in maintaining
CSC properties such as tumorigenicity,
resistance to therapy, and metastatic potential,
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Figure-1. Canonical and non-canonical SHH pathways

making the SHH-GIi1 axis a critical target for
therapeutic intervention in cancer treatment.
(Figure-1) (24-29).

. Both types of pathways lead to the activation of the Glil

protein, which translocates into the nucleus to drive target gene expression. This pathway is active in embryonic
and somatic stem cells, as well as cancer stem cells. Glil1 activation has been shown to upregulate key molecules
in cancer stem cell biology, including CD133, Hifla, HDACs, and MMPs. The schematic diagram was created by

Berrin Ozdil, using Inkscape, an open-source software.

In canonical SHH signaling, the pathway gets
triggered when the SHH glycoprotein binds to the
receptor Patched (Ptchl), which spans the cell
membrane. Normally, without SHH, Ptchl
suppresses the activity of another membrane
protein called Smo. However, when SHH
attaches to Ptchl, this suppression is lifted,
allowing Smo to accumulate and activate the
pathway's downstream components, primarily the
Gli proteins. The movement of Smo into the cell
membrane is essential for activating the Gli
proteins. Once activated, these proteins move to
the cell nucleus, where they initiate the
transcription of target genes like Ptchl and Glil.
These molecules create both negative and
positive feedback loops to regulate the pathway
(23). Among the Gli proteins, Glil acts as a full-
length transcriptional activator. In contrast, Gli2
and GIli3 can either activate or suppress gene
expression depending on how they are
processed after transcription. In the absence of
SHH signaling, Gli2 and Gli3 are converted into
their repressor forms, known as Gli2R and Gli3R,
which help maintain a balance between turning
the pathway on and off.

The non-canonical SHH signaling pathway
operates independently of the primary Gli
transcriptional activity. This involves other
molecules such as G-protein-coupled receptors
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(GPCRs) and small GTPases like RhoA.
Emerging evidence suggests that the non-
canonical pathway plays a role in processes such
as cytoskeletal organization and cell migration
(23). The selection mechanism between
canonical and non-canonical routes remains a
subject of investigation, indicating the complexity
and versatility of the SHH pathway (23).

Aberrant activation of the SHH signaling pathway
has been implicated in a variety of cancers,
including basal cell carcinoma, medulloblastoma,
and gliomas (13,30). The dysregulation of SHH
signaling can promote tumorigenesis, tumor
progression, and therapeutic resistance (30).
One of the most significant components of this
pathway in cancer is Smo. Smo mediates the
transfer of transcription factors. Targeting Smo
has become a primary strategy in cancer
therapeutics, particularly for basal cell carcinoma
and medulloblastoma, where Smo inhibitors have
shown greater effectiveness (23).

CSCs are known for their capacity for self-
renewal, differentiation, and tumorigenicity, which
contribute to cancer initiation, progression, and
resistance to therapy (11,12). These unique
properties are maintained through the activation
of several signaling pathways, including SHH,
Wwnt, and Notch, which are also essential for
cancer and stem cell function (23) (Table 1). The
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SHH signaling pathway is pivotal in regulating
CSC behavior, particularly in melanoma. This
pathway operates through the SHH ligand
binding to its receptor Ptch, which subsequently
activates Smo protein. Activated Smo leads to

the translocation and activation of Gl
transcription  factors, which promote the
expression of genes responsible for cell

proliferation, survival, and stemness (31). SHH is
particularly significant in coordinating CSC-driven
processes such as tumor initiation, maintenance,
and metastasis.

Similarly, the Wnt and Notch signaling pathways
are crucial for CSC function. The Wnt pathway is
involved in regulating cell fate determination,
polarity, and migration (23). Aberrant Wnt
signaling has been shown to promote
tumorigenesis by sustaining CSC stemness and
enhancing their metastatic potential. Whnt
signaling not only supports CSC self-renewal but
also contributes to resistance against therapies,
particularly through B-catenin-mediated
transcriptional activation of survival genes
(32,33). The Notch pathway, on the other hand,
plays a critical role in cell-cell communication and

tumor microenvironment interactions. Notch
signaling regulates CSC differentiation and
quiescence, enabling these cells to evade
immune surveillance and persist under

therapeutic pressure. Dysregulation of Notch
signaling has been associated with increased
CSC-mediated  tumor  heterogeneity and
adaptability (34). Interestingly, these pathways
are not mutually exclusive, they often interact and
converge on common downstream targets,
amplifying their effects on CSC behavior. For
instance, SHH and Wnt signaling are known to
cooperate in maintaining the stem cell niche,
while Notch signaling modulates the activity of
both pathways to fine-tune CSC differentiation

and proliferation (35,36). In melanoma CSCs, the
activation of SHH signaling has been linked to
enhanced tumorigenicity and resistance to
conventional therapies, such as chemotherapy
and radiotherapy (17). CD133, a well-established
cancer stem cell marker, has been associated
with hypoxia-inducible factor 1-alpha (Hifla),
which is upregulated in tumors under hypoxic
conditions. In response to hypoxia, elevated
levels of Hifla enhance the activation of the SHH
signaling pathway via Gli transcription factors,
leading to an increased expression of CD133
within the cell (37). This phenomenon has been
demonstrated in  hepatocellular carcinoma
through SHH/GIi activation in cancer cells via
SCUBE1 secreted by cancer-associated
fibroblasts (38). The SHH signaling pathway
plays a critical role in the regulation of CSCs,
including those  specifically identified in
melanoma, as supported by our recent studies
(29). Melanoma CSCs display higher expression
levels of Glil and Ptch2 genes compared to non-
stem cancer cells. Additionally, silencing SHH
significantly reduces Glil and Ptch2 expression
in CD133+ melanoma cells. Similarly, silencing
Hifla also leads to a decrease in both Glil and
Ptch2 expression (29). Melanoma CSCs exhibit
unique metabolic reprogramming and low
immunogenic profiles, enabling them to evade
the immune system. This is facilitated by the
SHH pathway, which promotes the secretion of
immunosuppressive  factors and  negative
modulation of T cell functions, thus allowing
CSCs to escape immune surveillance (16).
Additionally, SHH signaling is implicated in
processes such as epithelial-to-mesenchymal
transition (EMT) and angiogenesis, which are
critical for tumor dissemination and metastasis
(13).

Table-1. Comparative Analysis of SHH, Notch, and Wnt Pathways in Cancer Biology

Feature SHH Pathway

Wnt Pathway

Notch Pathway

Primary Function Cell fate determination,

stemness regulation

Key Components SHH ligand, PTCH1, SMO,

GLI transcription factors.

Promotes tumor growth,
stemness, and metastasis.

Role in Cancer

Interacts with Wnt and Notch
pathways.

Pathway Crosstalk

Cell differentiation,
maintenance of stem
cells.

Notch receptors (Notch1-
4), Delta/Jagged ligands.

Enhances angiogenesis,
drug resistance, and
EMT.

Crosstalk with SHH and
Whnt in stem cell niches.

Cell proliferation, polarity,
and migration.

Wnt ligands, Frizzled
receptors, B-catenin.

Regulates proliferation,
metastasis, and tumor
microenvironment.

Modulates SHH and
Notch in developmental
processes.
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Therapeutic Implications

Targeting SHH pathway presents a promising
strategy for eradicating CSCs in melanoma.
However, single-pathway inhibitors often face
challenges such as adaptive resistance and
incomplete tumor eradication. Combining SHH
pathway inhibitors with specific pathways (Wnt,
Notch etc.) may enhance therapeutic efficacy by
disrupting multiple facets of CSC regulation.
Current research is exploring such combinatorial
approaches, highlighting the potential for more
durable clinical responses in melanoma
treatment.

Melanoma has seen significant advancements in
the realm of targeted therapies, specifically those
aimed at inhibiting the Hedgehog (Hh) signaling
pathway, which includes Smo and Gli inhibitors
(23,39). The primary target for these inhibitors in
clinical trials has been Smo. However, resistance
mechanisms to Smo inhibitors have been
identified, necessitating the exploration of new
Hh pathway inhibitors to effectively control
tumorigenesis (23). For example, the U.S. Food
and Drug Administration (FDA) approved GDC-
0449 (Vismodegib) in 2012 as a standard therapy
for patients with locally advanced and metastatic
basal cell carcinoma (BCC). Subsequent studies
focused on combining GDC-0449  with
temozolomide (TMZ) to evaluate its efficacy in
both pediatric and adult patients with recurrent or
refractory medulloblastoma (MB) (23).

The complexity of melanoma and its tendency to
develop resistance to treatments have led
researchers to explore combination therapies.
Targeted therapies, while effective at first, often
lead to quick but short-lived responses because
of  resistance. On the other hand,
immunotherapies, like immune checkpoint
inhibitors, tend to produce longer-lasting effects
but can take time to work (40). By combining
targeted therapies with immunotherapies, there's
the potential to achieve both a fast and strong
anti-tumor response along with long-term benefits
for patients. Currently, clinical trials are
investigating various combinations, such as
dabrafenib (with or without trametinib) alongside
ipilimumab for patients with Braf V600E/K-
mutated metastatic melanoma. These trials aim
to determine the best approach in terms of
managing side effects, timing, and the sequence
of administering these therapies. The goal is to
develop strategies that can overcome treatment
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resistance and provide lasting responses for
melanoma patients(40).

The discovery of molecularly effective targeted
therapies, particularly Hh inhibitors, has markedly
improved the treatment landscape of melanoma.
The focus has been on Smo and Gli inhibitors,
with clinical trials validating their therapeutic
potential in preclinical SHH-MB models (39).
Despite the clinical use of Smo antagonists not
being fully established, future Gli inhibitors and
multitargeting approaches appear promising for
MB patients (39). Evidence-based
recommendations on the pharmacokinetics and
pharmacodynamics of Hh inhibitors like sonidegib
and vismodegib highlight their therapeutic
considerations in special patient populations (41).
Differences in their pharmacokinetic profiles may
influence their efficacy and safety, suggesting a
need for direct comparative clinical trials to
determine their clinical relevance (41).

CONCLUSION

Malignant melanoma presents a significant
challenge in skin cancer treatment due to its
aggressive behavior and resistance to therapies.
The critical role of cancer stem cells (CSCs) in
driving melanoma progression, therapy
resistance, and recurrence underscores the
urgent need for innovative treatment strategies. A
significant factor in this resistance is the
presence of CSCs, which can renew themselves,
differentiate into various cell types, and evade the
immune system. The SHH pathway, with its dual
roles in canonical and non-canonical signaling,
emerges as a critical regulator of CSC properties,
influencing  tumorigenicity, metastasis, and
resistance to conventional therapies. Targeting
the SHH pathway has shown promise in
preclinical and clinical settings. Besides, it is
crucial to explore how SHH interacts with other
pathways such as Wnt and Notch, which also
regulate stemness, differentiation, and survival.
The emergence of resistance to SHH inhibitors
requires continuous exploration of novel
therapeutic combinations and agents. A
promising hypothesis is the integration of SHH
pathway inhibitors with immunotherapies and
targeted therapies that disrupt crosstalk with
other molecules. This approach could reveal
synergistic  effects, overcoming resistance
mechanisms and leading to more effective,
durable responses in melanoma treatment. As
the field advances, a deep understanding of the
SHH signaling mechanisms and the development
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of next-generation inhibitors hold the potential to
disrupt the regulatory networks sustaining CSCs.
By focusing on these innovative approaches, the
goal is to eliminate the main causes of
tumorigenesis and significantly improve long-term
survival rates for patients with melanoma.
Continuous efforts in this research area are vital
for developing innovative treatments that can
overcome the current challenges and provide
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better outcomes for melanoma patients.
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Editére Mektup, yayimlanan metinlerle veya mesleki konularla ilgili olarak 500 s6zcliglu asmayan ve
bes kaynak ile bir tablo veya sekil icerecek sekilde yazilabilir. Ayrica daha 6nce dergide yayinlanmis
metinlerle iliskili mektuplara cevap hakki verilir.

Davetli Derleme Yazilari, Yayin Kurulunun daveti Uzerine, tipta &6zellikli konularin kapsaml
degerlendirmelerini igeren, konusunda deneyimli ve yetkin yazarlarin yazdigi derlemelerdir. Derleme
yazilari da derginin degerlendirme surecinden gegirilir. Kaynaklar, tablo ve sekil alt yazilari hari¢ 5000
kelimeyi gecmemelidir. En fazla bes yazar ve 80 kaynak ile sinirlidir. Davetli yazilar disinda derleme
yazilari kabul edilmez.

YAZININ HAZIRLANMASI
Ege Tip Dergisine génderilen tim yazilar agagidaki kurallara uygun olarak hazirlanmalidir.

Genel bigim
a- Metin iki satir aralikli olarak Arial 10 punto ile yaziimalidir,
b- Sayfa kenar bosluklari 2,5 cm olmalidir,

c- Sayfalar baslik sayfasindan baglamak lzere, sag Ust kdsesinden numaralandiriimali ve satir
numaralari eklenmelidir (Microsoft Office Word™ - Dlzen - Satir numaralari - Surekli)

d- Kisaltmalar, metinde ilk olarak acik sekliyle yazilmis olani takiben, yuvarlak parantez icinde
yazilmali ve tiim metin boyunca kisaltma ayni sekilde kullaniimalidir. Baglik ve Oz bélimiinde
kisaltma kullanmaktan kaginilmali, metin icinde de gereksiz kisaltma kullanilmamasina 6zen
gosterilmelidir. Cumleler kisaltma ile baglatiimamaldir.

e- Ana metin igerisinde belirtilen Urin (ila¢, cihaz, donanim veya yazilim vb.), Granin adini
takiben, Uretici sirketin adi, sehri ve ulkesi parantez icinde yazilmaldir. Ornek: Discovery St
PET / CT tarayici (General Electric, Milwaukee, WI, ABD).

f-  Tum Olgumlerin birimleri metrik sisteme (Uluslararasi Birimler Sistemi, Sl) gore yazilmahdir.
Ornek: mg/kg, pug/kg, mL/min, uL/h, mmHg, vb. Olglimler ve istatistiksel veriler, ciimle baginda
olmadiklari strece rakamla belirtiimelidir.

g- Eger varsa, uygulanan istatistiksel yontem, Gereg¢ ve Yontem boéliminde belirtiimelidir.

h- Herhangi bir birimi ifade etmeyen ve 10°’dan kliglk sayilar ile ciimle basinda yer verilen sayilar
yazi ile yazilmahdir. Ondalik sayilar tam sayidan Tirkge metinlerde virgiil ile, ingilizce
metinlerde nokta ile ayrilmalidir.

i- ligili yazi, yazi tiriine gére tarif edilmis olan bolimler seklinde hazirlanmis olmalidir.

On Yazi

Editére hitaben yazinin bashgi, yazi turd, ilgili yazinin neden Ege Tip Dergisinde yayimlanmasi
gerektigini 6zetleyen kisa bir agiklama ile sorumlu yazar belirtilerek tim yazarlarin adi-soyadi, ORCID
numarasi, kurum ve iletisim bilgileri (telefon, e-posta ve posta adresleri) yaziimaldir. Yazinin daha
once baska bir yerde yayimlanmadigina veya yayimlanmak lizere gonderilmedidine dair yazili ifade
icermelidir. Ege Tip Dergisi bagka bir dilde dahi olsa daha 6nce yayimlanmig, kabul edilmis veya
degerlendirme asamasinda olan higbir yaziyr yayimlamayi kabul etmemektedir. Yazi yazar(lar)in daha



once yayimlanmis bir yazisindaki konularin bir kismini igeriyorsa, bu durumun da 6n yazida
belirtiimelidir.

Daha 6nce bilimsel bir toplantida s6zli veya poster bildiri seklinde sunulmus olan yazilar, sunumun
gerceklestirildigi toplant ile ilgili bilgiler (tarih, yer, toplantinin ismi) olacak sekilde On Yazida
belirtilmeli, Oz béliminin sonuna da not olarak yazilmalidir.

Ana Metin

Sisteme ylklenen Microsoft Office Word™ formatindaki ana metin dosyasinda yazarlara ait isim ve
kurum bilgileri yer almamalidir. Ana metin yazi tirtiine goére agagidaki bélimlerden olugsmaldir:

- Arastirma Makalesi: Tiirkge baslik, Oz ve Anahtar Sézciikler / ingilizce baslik, Abstract ve Keywords
| Giris /| Gere¢ ve Yontem / Bulgular / Tartisma / Sonug¢ / Cikar Catismasi / Tesekkur (varsa) /
Kaynaklar / Tablolar (basliklari ve agiklamalariyla beraber) / Sekil Alt Yazilari.

- Olgu Sunumu: Tiirkge baslik, Oz ve Anahtar Sézciikler / ingilizce baglik, Abstract ve Keywords / Girig
/ Olgu Sunumu / Tartisma / Sonug / Cikar Catismasi / Kaynaklar / Tablo (basliklar ve agiklamalariyla
beraber) / Sekil Alt Yazisi.

- Klinik Gériintii: Tirkge baslik / ingilizce baslik / Olgu / Cikar Catismasi / Tesekkiir (varsa) / Kaynaklar
/ Sekil Alt Yazisi.

- Teknik Not: Tirkge baslik / ingilizce baslik / Teknik not / Cikar Catismasi / Tesekkir (varsa) /
Kaynaklar / Tablo (basliklari ve agiklamalariyla beraber) (varsa) / Sekil Alt Yazisi (varsa).

Yazinin Baghgi

Kisa, kolay anlagilir ve yazinin icerigini tanimlar 6zellikte, kisaltma icermeyecek sekilde Turkce ve
ingilizce olarak yaziimaldir.

Ozler

Turkge (Oz) ve ingilizce (Abstract) bagh@i altinda yazilmalidir. Aragtirma Makalelerinde Amag, Gereg
ve Yoéntem, Bulgular ve Sonu¢ (Aim, Materials and Methods, Results, Conclusion) olmak Uzere doért
bélimden olugmali, en fazla 250 sézcik icermelidir. Aragtirmanin amaci, yapilan iglemler, gézlemsel
ve analitik ydntemler, temel bulgular ve ana sonuglar belirtiimelidir. Oz metninde kaynak numarasi ve
miUmkan oldugunca kisaltma kullanilmamahdir. Olgu Sunumlarinda bdlimlere ayrilmamali ve 200
s6zcugu asmamalidir. Klinik Géruntl, Teknik Not ve Editdre Mektup i¢in 6z gerekmemektedir.

Anahtar Sozciikler

Oz (Abstract) béliminiin sonunda, Anahtar Sézclikler (Keywords) basligi altinda, bilimsel yazinin ana
basliklarini yakalayan, Index Medicus Medical Subject Headings (MeSH)'e uygun olarak yazilmis en
az Ug, en fazla bes anahtar s6zcik olmahdir. Turkge anahtar sdézcuklerin, Turkiye Bilim Terimlerinden
(www.bilimterimleri.com) secilmesine 6zen gosterilmelidir.

Metin
Yazi metni, yazinin tirine gére yukarida tanimlanan bélimlerden olugmalidir.

Kaynaklar

Ege Tip Dergisi, ulusal kaynaklardan yararlanmaya 6zel 6nem verdigini belirtir ve yazarlarin bu
konuda duyarli olmasini bekler.

Kaynaklar metinde, tablo aciklamalari ve sekil alt yazilarinda yer aldiklari sirayla, cimle igcinde atifta
bulunulan ad ya da cumle bitiminde, noktadan 6nce yuvarlak parantez “()” icinde, Arabik rakamlarla
numaralandiriimahdir. Birden fazla kaynak numarasinin belirtiimesi durumunda rakamlar birbirlerinden
virgll ve bir bosluk birakilarak ayrilmali ardisik ikiden fazla rakam olmasi durumunda en kiiglik ve en
biyiik rakamlar arasina tire igareti konarak yaziimalidir. Ornekler: (2, 5, 7); (3-7).

Dergi isimleri, Index Medicus (PUBMED)’de kullanildigi sekilde kisaltilmalidir. Kisaltiimig yazar ve
dergi adlarindan sonra nokta olmamalidir. Yazar sayisi alti veya daha az olan kaynaklarda tim
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yazarlarin adi yazilmali, yedi veya daha fazla olan kaynaklarda ise (¢ yazar adindan sonra “et
al.”veya ‘ve ark.” yazilmalidir. Kaynak gosterilen derginin sayi ve cilt numarasi mutlaka yaziimaldir.
Sayfa numaralari yazilirken baslangic ve bitis sayfa sayilarinin sadece degisen basamaklari
yazilmalidir. Ornekler: 45-48 yerine 45-8, 219-222 yerine 219-22.

Kaynaklar, yazinin alindigi dilde ve asagidaki érneklerde goruldigu sekilde diizenlenmelidir:
Dergilerdeki yazilar

Tkacova R, Toth S, Sin DD. Inhaled corticosteroids and survival in COPD patients receiving long-term
home oxygen therapy. Respir Med 2006;100(3):385-92.

Ek sayi (Supplement)

Solca M. Acute pain management: Unmet needs and new advances in pain management. Eur J
Anaesthesiol 2002;19(Suppl 25):3-10.

Erken gériiniimde (E-pub) makale

Butterly SJ, Pillans P, Horn B, Miles R, Sturtevant J. Off-label use of rituximab in a tertiary Queensland
hospital. Intern Med J doi: 10.1111/j.1445-5994.2009.01988.x

Kitap

Bilgehan H. Klinik Mikrobiyoloji. 2. Baski. izmir: Bilgehan Basimevi; 1986:137-40.

Kitap bolimii

McEwen WK, Goodner IK. Secretion of tears and blinking. In: Davson H (ed). The Eye. Vol. 3, 2" ed.
New York: Academic Press; 1969:34-78.

internet makalesi

Abood S. Quality improvement initiative in nursing homes: The ANA acts in an advisory role. Am J
Nurs [serial on the Internet] 2002 |[cited 12 Aug 2002]. Available from:
www.nursingworld.org/AJN/2002/june/wawatch.htm

Web sitesi

Cancer-pain.org [homepage on the Internet]. New York: Association of Cancer Online Resources
[updated 16 May 2002; cited 9 July 2002]. Available from: www.cancer-pain.org

Tablolar

Tablolar metni tamamlayici olmali, metin icerisinde tekrarlanan bilgiler icermemelidir. Metinde yer alma
siralarina gore Arabik sayilarla numaralandirilip isimlendirilmelidir (6rnek: Tablo-1). Tablonun Ustiine
tablo ismini takip eden kisa ve agiklayici bir baslk yazilmalidir. Tabloda yer alan kisaltmalar, tablonun
hemen altinda agiklanmalidir. Dipnotlarda sirasiyla su semboller kullanilabilir: *, 1, 1, §, 1.

Sekiller

Cizim, resim, grafik ve fotograflarin timua “Sekil” olarak adlandiriimali ve ayri birer dosya olarak (.jpg,
.png, .tif vb., en az 300 dpi ¢ézUnurlikte) sisteme eklenmelidir. Sekil dosyalari yliksek ¢ézunurlikte ve
iyi kalitede olmahdir. Sekiller metin icinde kullanim siralarina gére parantez icinde Arabik rakamla
numaralandiriimahdir (6rnek: Sekil-1).

Sekil Alt Yazilar

Sekil alt yazilari, sekillere karsilik gelen Arabik rakamlarla cift aralikli olarak yazilmalidir. $eklin belirli
bélimlerini isaret eden sembol, ok veya harfler kullanildiginda bunlar alt yazida agiklanmalidir. Baska
yerde yayinlanmis olan sekiller kullanildiginda, yazarin bu konuda izin almis olmasi, bunu belgelemesi
ve alt yazida belirtmesi gerekir.

Olgiimler ve Kisaltmalar
Yazinin hazirlanmasi boliminde “Genel bicim” bagligi altinda agiklanmistir.
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Basvuruda Yiiklenecek Belgeler
- OnYaz
- Ana Metin
- Yayin Hakki Devir Formu
- Yazar Katki Formu
- Gikar Catismasi Formu
- Sekil(ler)

REVIiZYONLAR

Yazarlar makalelerinin revizyon dosyalarini goénderirken ana metin Uzerindeki degisiklikleri
isaretlemeli, ek olarak hakemler tarafindan belirtilen Onerilerle ilgili notlarini “Hakemlere Yanit”
dosyasindan gdondermelidir. Bu dosyada her hakemin yorumunun ardindan yazarin yaniti gelmeli ve
makalede degisikliklerin yapildigi yer de belirtiimelidir. Revize makaleler karar yazisini takip eden 21
gun icinde dergiye génderilmelidir.
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abbreviation should be used throughout the text. Abbreviations should be avoided in the Title and
Abstract and care should be given to prevent unnecessary abbreviations. Sentences should not start
with abbreviations.

e- Products (drug, device, hardware or software etc.) mentioned in the main text should be presented
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Main Text

The title page of the main text (comprising only the Turkish and English titles of the manuscript)
submitted in Microsoft Office Word™ format should not include the names and institutions of the
authors. The main text should have the following sections, according to the type of the manuscript:

- Original Articles: Turkish title, abstract and keywords / English title, abstract and keywords /
Introduction / Materials and Methods / Results / Discussion / Conclusion / Conflict of Interest / (if
present) Acknowledgements / References / Tables (with captions and notes) / Figure captions.

- Case Reports: Turkish title, abstract and keywords / English title, abstract and keywords /
Introduction / Case Report / Discussion / Conclusion / Conflict of Interest / (if present)
Acknowledgements / References / Tables (with captions and notes) / Figure captions.

- Clinical Image: Turkish title / English title / Case / Conflict of Interest / References / Figure captions.

- Technical Note: Turkish title / English title / Technical note / Conflict of Interest / (if present)
Acknowledgements / References / Tables (with captions and notes) / Figure captions.

Title

The title should be short, easy to understand and must define the contents of the article and should be
written both in Turkish and English.

Abstracts

Abstract should be in both English and Turkish and should consist “Aim, Materials and Methods,
Results and Conclusion” in original articles. The purpose of the study, the setting for the study, the
subjects, the treatment or intervention, principal outcomes measured, the type of statistical analysis
and the outcome of the study should be stated in this section (up to 250 words). Abstract should not
include reference. In Case Reports abstracts should not be divided into sections and do not exceed
200 words. Clinical Image, Technical Note and Letter to the Editor are not required abstracts.
Keywords

At least three and at most five keywords in order of importance for indexing purposes should be
supplied below the abstract and should be selected from, Index Medicus Medical Subject Headings
(MeSH), available at https://www.nIm.nih.gov/mesh/MBrowser.htm|

Text

Authors should use subheadings to divide sections regarding the type of the manuscript as described
above.
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In the text, references should be cited using Arabic numerals in parenthesis in the order in which they
appear. If cited only in tables or figure legends, they should be numbered according to the first
identification of the table or figure in the text. Names of the journals should be abbreviated in the style
used in Index Medicus. The names of all authors should be cited when there are six or fewer; when
seven or more, the first three should be followed by et al. The issue and volume numbers of the
referenced journal should be added.
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Journal article

Tkacova R, Toth S, Sin DD. Inhaled corticosteroids and survival in COPD patients receiving long-term
home oxygen therapy. Respir Med 2006;100(3):385-92.

Supplement

Solca M. Acute pain management: Unmet needs and new advances in pain management. Eur J
Anaesthesiol 2002; 19(Suppl 25):3-10.

Online article not yet published in an issue

Butterly SJ, Pillans P, Horn B, Miles R, Sturtevant J. Off-label use of rituximab in a tertiary Queensland
hospital. Intern Med J doi: 10.1111/j.1445-5994.2009.01988.x
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Book

Kaufmann HE, Baron BA, McDonald MB, Waltman SR (eds). The Cornea. New York: Churchill
Livingstone; 1988:115-20.

Chapter in a book

McEwen WK, Goodner IK. Secretion of tears and blinking. In: Davson H (ed). The Eye. Vol. 3, 2nd ed.
New York: Academic Press; 1969:34-78.

Journal article on the Internet
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Cancer-pain.org [homepage on the Internet]. New York: Association of Cancer Online Resources
[updated 16 May 2002; cited 9 Jul 2002]. Available from: www.cancer-pain.org
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Tables

Tables should be complementary, but not duplicate information contained in the text. Tables should be
numbered consecutively in Arabic numbers, with a descriptive, self-explanatory title above the table.
All abbreviations should be explained in a footnote. Footnotes should be designated by symbols in the
following order: *,1, 1, §, 1

Figures

All illustrations (including line drawings and photographs) are classified as figures. Figures must be
added to the system as separate files (.jpg, .png, .tif etc., at least 300 dpi resolution). Figures should
be numbered consecutively in Arabic numbers and should be cited in parenthesis in consecutive order
in the text.

Figure Legends

Legends should be self-explanatory and positioned on a separate page. The legend should
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