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Ozelliklerinin Degerlendirilmesi

ABSTRACT

Aim: This study aimed to synthesize a novel pyrazole acridine derivative (3-ACH) and
evaluate its anticancer properties on SH-SY5Y human neuroblastoma cells.

Material and Methods: The pyrazole-4-carbaldehyde derivative was cyclized with dimedone
and p-nitroaniline to synthesize the 3-ACH. Characterization of the compound was performed
using FT-IR, NMR, HPLC-Q-TOF/MS, and elemental analysis. The cytotoxic impact of the
3-ACH compound on SH-SY5Y human neuroblastoma cells was evaluated using the WST-1
assay in a dose- (50, 100, and 150 pg/mL) and time-dependent (12, 24, and 48 hours)
manner. The impact of 3-ACH on apoptosis was investigated through immunostaining for
Caspase-3, -8, and -9, and BAX proteins.

Results: 3-ACH reduced SH-SY5Y cell viability with the rate of 89.89+7.63% (p=0.002) at
100 pg/mL concentration after 24 hours of treatment. While a higher (150 pg/mL)
concentration showed a similar reduction (90.53+2.88%, p=0.004), the lower (50 pg/mL)
concentration maintained high cell viability (98.37+1.67%, p=0.903) at 24 hours. All doses of
50 pg/mL (94.554+0.65%), 100 pg/mL (95.18+1.41%), and 150 pg/mL (95.28+2.57%)
significantly reduced cell viability rates, at 48 hours (all p<0.001). Immunostaining revealed a
significant upregulation in the synthesis of BAX, Caspase-3, -8, and -9 proteins in cells treated
with 3-ACH (100 pg/mL) for 24 hours compared to the control group.

Conclusion: These results indicate that 3-ACH has the potential to induce apoptosis in SH-
SY5Y cells by activating both the intrinsic and extrinsic pathways, which may contribute to
its cytotoxic effects. This study provides promising evidence supporting the potential of the 3-
ACH compound as an anticancer therapeutic agent.

Keywords: Chemical synthesis; antineoplastic agents; neuroblastoma; pyrazoles; acridines;
cytotoxicity; apoptosis.

0z

Amag: Bu ¢aligmanin amaci yeni bir pirazol akridin tiirevi (3-ACH) sentezlemek ve bu bilesigin
SH-SYS5Y insan noroblastoma hiicreleri tizerindeki antikanser 6zelliklerini degerlendirmektir.
Gereg¢ ve Yontemler: Pirazol-4-karbaldehit tiirevi, 3-ACH sentezlemek igin dimedon ve
p-nitroanilin ile siklize edildi. Bilesigin karakterizasyonu FT-IR, NMR, HPLC-Q-TOF/MS ve
element analizi kullanilarak yapildi. 3-ACH bilesiginin SH-SYS5Y insan noroblastoma
hiicreleri tizerindeki sitotoksik etkisi, doz (50, 100 ve 150 ug/mL) ve zaman (12, 24 ve 48 saat)
bagimli bir sekilde WST-1 testi kullanilarak degerlendirildi. 3-ACH'nin apoptoz tizerindeki
etkisi, Kaspaz-3, -8, -9 ve BAX proteinleri i¢in immiin boyama yolu ile arastirildi.

Bulgular: 3-ACH, 100 pug/mL konsantrasyonda 24 saatlik tedaviden sonra SH-SY5Y hiicre
canlihigini %89,89+7,63 (p=0,002) oraninda azaltmistir. 24 saatte, daha yiiksek (150 pg/mL)
konsantrasyon benzer bir azalma gosterirken (%90,53+2,88, p=0,004), daha diisiik (50 pg/mL)
konsantrasyon hiicre canliligimi korumustur (%98,37+1,67, p=0,903). 50 pg/mL (%94,55+0,65),
100 pg/mL (%95,18+1,41) ve 150 pg/mL (%95,28+2,57) dozlarinin tiimii, 48 saatte hiicre
canlilik oranlarmi 6nemli dlciide azaltmistir (tiim p<0,001). immiin boyama, 24 saat boyunca
3-ACH (100 pg/mL) ile muamele edilen hiicrelerde, BAX, Kaspaz-3, -8 ve -9 proteinlerinin
sentezinde kontrol grubuna kiyasla 6nemli bir artig oldugunu ortaya koymustur.

Sonug: Bu sonuglar, 3-ACH'nin hem intrinsik hem de ekstrinsik yolaklar1 aktive ederek SH-
SYSY hiicrelerinde, sitotoksik etkilerine katkida bulunabilecek olan, apoptozu indiikleme
potansiyeline sahip oldugunu gostermektedir. Bu ¢alisma, 3-ACH bilesiginin antikanser
terapotik ajan olarak potansiyelini destekleyen umut verici kanitlar sunmaktadir.

Anahtar kelimeler: Kimyasal sentez; antineoplastik ajanlar; noéroblastoma; pirazoller;
akridinler; sitotoksisite; apoptoz.
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INTRODUCTION

Pyrazole is a 5-membered organic heterocyclic compound
containing nitrogen and carbon atoms, with the chemical
formula C3HsN2 (1). The pyrazole ring closely resembles
the imidazole compound, but with the substitution of a
nitrogen atom by a carbon atom. Pyrazole and its
derivatives have been reported to be present in various
natural products (2). Due to the chemical diversity of
pyrazoles, they have been extensively investigated and
found to exhibit various pharmacological properties,
including anti-inflammatory, anti-cancer, anti-viral, and
anti-bacterial effects (3). Moreover, certain pyrazoles have
exhibited inhibitory properties against cancer cell
proliferation, positioning them as viable candidates for
anti-tumor agents (4). Additionally, there is a need to
explore innovative strategies to optimize the side effect
profile, pharmacokinetics, and pharmacodynamics of
pyrazoles (5), including enhancing pyrazole activity,
reducing toxicity, and increasing water solubility (6,7).
Acridine is a heterocyclic compound belonging to the class
of organic compounds known as polycyclic aromatic
hydrocarbons (8). Its unique molecular structure has
attracted significant attention, leading to extensive
investigations regarding its potential applications in
various fields. Acridine and its derivatives have been the
subject of numerous studies due to their interactions with
DNA and RNA, notable fluorescence properties, and
enzyme inhibition capabilities, particularly against
topoisomerases (9). The intercalation of acridine with
DNA is believed to underlie its anticancer activity, as it
can disrupt DNA replication and induce cell death (10).
Encouraging results have emerged from preclinical and
clinical trials, demonstrating the efficacy of acridine-based
drugs in inhibiting tumor growth and achieving successful
cancer treatment across various types, including breast,
lung, and colon cancers.

Pyrazoloacridine, a compound that combines acridine with
the pyrazole ring, belongs to the class of anthrapyrazoles,
which have shown antitumor activity similar to
doxorubicin but with reduced cardiotoxicity (11,12). It has
been extensively studied in vitro and in vivo against
various cancer types, particularly leukemia, and has
demonstrated promising effectiveness (12).

While various pyrazole-acridine derivatives have been
investigated for their biological activities, the specific
compound 9-(1-(benzo[d]thiazol-2-yl)-3-(4-chlorophenyl)-
1H-pyrazol-4-yl)-3,3,6,6-tetramethyl-10-(4-nitrophenyl)-
3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione (3-ACH)
represents a novel molecular entity that was first synthesized
by Elmusa et al. (13). Their initial study focused exclusively
on the compound's acetylcholinesterase inhibitory properties
through in vitro and in silico approaches. However, the
potential anticancer properties of 3-ACH, particularly against
neuroblastoma cells, have not been previously investigated.
The unique structural features of 3-ACH, including the
benzothiazole moiety and the specific substitution pattern
of the pyrazole-acridine scaffold, distinguish it from other
previously reported pyrazole-acridine derivatives. This
structural novelty, combined with the unexplored anticancer
potential, presents an opportunity to evaluate 3-ACH as a
potential therapeutic agent against neuroblastoma, thereby
expanding the understanding of structure-activity
relationships in this class of compounds.

Duzce Med J, 2025;27(1)

Pyrazole-Acridine's Anticancer Activity

In this study, the goal was to develop new agents with
improved anticancer activity by integrating pyrazole and
acridine, which individually exhibit anticancer properties,
within a single molecule. To achieve this, hydrazone
synthesis was initially conducted, followed by the synthesis
of the compound referred to as 1-(benzo[d]thiazol-2-yl)-3-
(4-chlorophenyl)-1H-pyrazole-4-carbaldehyde (P4C) using
the hydrazone as a precursor. Subsequently, cyclization of
the synthesized pyrazole-4-carbaldehyde was accomplished
by utilizing dimedone and p-nitroaniline, leading to the
formation of 3-ACH, the pyrazole-acridine derivative.
Following synthesis, the obtained pyrazole-acridine
derivative was subjected to characterization using FT-IR,
NMR, HPLC-Q-TOF/MS, and elemental analysis
techniques. Subsequently, the anticancer activity of the
obtained pyrazole-acridine derivative was tested against
the SH-SY5Y neuroblastoma cell line. Test concentrations
of 50, 100, and 150 pg/mL were employed, and the
assessment was conducted over incubation durations of 12,
24, and 48 hours. The WST-1 assay was employed to
evaluate the cytotoxic impact of the pyrazole-acridine
derivative on the SH-SY5Y cell line. Additionally,
immunostaining techniques were employed to evaluate the
expression levels of proteins associated with the apoptotic
pathway, including Caspase-3, -8, and -9, and BAX. These
investigations aimed to provide insights into the apoptotic
mechanism of 3-ACH on human neuroblastoma cancer
cell lines.

MATERIAL AND METHODS

Chemical Synthesis

The chemicals used in this study were obtained from
Sigma, Aldrich, Fluka, and Merck companies. The
solvents employed were distilled prior to use. All
compounds are >95% pure by HPLC analysis. The
synthesis of the pyrazole-acridine derivative was performed
in two stages. In the first stage, the hydrazone compound
was synthesized by employing 4-chloroacetophenone and
2-hydrazinobenzothiazole as precursors. Subsequently,
the Vilsmeier-Haack reagent was introduced to the
hydrazone compound to facilitate the synthesis of P4C,
which served as the initial compound containing the
benzothiazole moiety. In the second stage, the synthesized
PAC was activated through its reaction with dimedone and
p-nitroaniline, resulting in the conversion to the desired
pyrazole-acridine derivative, 3-ACH.

For the synthesis of 2-(2-(1-(4-chlorophenyl)ethylidine)
hydrazino)benzo[d]thiazole compound, 1 g (6 mmol) of
2-hydrazinobenzothiazole and 0.94 g (6 mmol) of
4-chloroacetophenone were mixed in a flask and dissolved
in 20 mL of ethanol. Subsequently, 0.4 mL of acetic acid
was added to the mixture, which was then refluxed for 3
hours. The resulting beige precipitate was washed with a
2:1 mixture of water and ethanol, followed by purification
through crystallization in butanol.

For the synthesis of P4C, 0.55 mL (6 mmol) of phosphoryl
chloride (POCIs) was kept in an ice bath for 20 minutes,
and then 2 mL of cooled N, N-dimethylformamide (DMF)
was added dropwise. After stirring for a few minutes,
0.301 g (1 mmol) of the compound 2-(2-(1-(4-chlorophenyl)
ethylidine)hydrazino)benzo[d]thiazole was added to the
mixture. The reaction mixture was stirred in an ice bath for
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30 minutes, followed by an additional 30 minutes at room
temperature. It was subsequently refluxed in an oil bath at
80-90 °C for 5 hours. After cooling the mixture to room
temperature, ice water was added, resulting in the
formation of a brown precipitate, which was further
purified by crystallization from toluene.

To synthesize 3-ACH, a solution was prepared by
dissolving 0.340 g (1 mmol) of P4C and 0.019 g (0.1 mmol)
of p-toluenesulfonic acid (TSA) in 10 mL of
tetrahydrofuran (THF). 0.280 g (2 mmol) of dimedone
was added to this solution and stirred for 5 minutes. Next,
0.138 g (1 mmol) of p-nitroaniline was introduced into the
solution, followed by refluxing for 6 hours. The resultant
yellow precipitate was washed with water and further
purified through crystallization from ethanol (13).
Characterization

DC-Alufolien 20x20 cm Kieselgel 60 F254 analytical
thin-layer chromatography (TLC) plates and a Camag UV
lamp (254-366 nm) were utilized to monitor the progress
of the reactions conducted in this study. The melting
points of the synthesized compounds were measured
using the Barnstead Electrothermal 9200 instrument.
Fourier-transform infrared spectroscopy (FT-IR) was
conducted using the Bruker Optics Vertex 70 instrument,
providing valuable information about the functional
groups present in the compounds. High-performance
liquid chromatography quadrupole time-of-flight mass
spectrometry (HPLC-Q-TOF/MS) was performed using
the Agilent 1260 infinity HPLC system coupled with a
6210 time of flight (TOF) LC/MS detector to analyze the
mass of the synthesized compounds. Nuclear magnetic
resonance (NMR) spectroscopy was employed for detailed
structural analysis, with *H-NMR analysis conducted at
600 MHz and C-NMR analysis at 150 MHz. In NMR
analyses, CDCIl; was used as the solvent, providing a
chemical shift reference of 7.26 ppm for *H-NMR and
77.2 ppm for $3C-NMR. Finally, elemental analysis of the
compounds was performed using the Leco CHNS-932
device (13).

Sample Size

Sample size calculation was performed using G*Power
software v.3.1.9.7. For one-way ANOVA comparison
between groups with 0=0.05, power (1-)=0.80, effect
size f=0.6, and four experimental groups (one control and
three treatment groups), the minimum required total
sample size was calculated as 36 (9 samples per group). In
our experimental design, we conducted six independent
biological replicates for each group, with each replicate
consisting of three technical replicates, resulting in a total
of 18 measurements per group. This sample size exceeded
the minimum requirement, achieving an actual statistical
power of 0.82, which ensured robust statistical analysis of
the experimental data.

Cell Culture

The SH-SY5Y human neuroblastoma cell line (ATCC®
CRL-2266™) was cultured in DMEM high glucose
medium (Sigma-D6429-500 ML), supplemented with
10% heat-inactivated fetal bovine serum (Biowest,
S181H-500), 1% L-glutamine (Gibco, 25030081), and
1% penicillin-streptomycin (Gibco, 10378016). The cells
were kept in a 37 °C incubator with 5% CO,, and
observations related to cell viability and growth rates were
conducted using a microscope.
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Study Design and Experimental Groups

The study was designed to evaluate both the dose- and
time-dependent effects of 3-ACH on SH-SY5Y human
neuroblastoma cells. The experimental design consisted of
four groups: a control group (0.1% DMSO) and three
treatment groups receiving different concentrations of
3-ACH (50, 100, and 150 pg/mL). These concentrations
were selected based on our previous study where these
doses showed significant cytotoxic effects against
SKBR-3 human breast cancer cells (14). Time points (12,
24, and 48 hours) were chosen to evaluate both early and
late effects of the compound. Cell viability was assessed
using WST-1 assay and expressed as a percentage of viable
cells relative to control (100%). For apoptosis-related
protein expression studies, the 24-hour time point and
100 pg/mL concentration were selected based on the
optimal cytotoxic response observed in viability assays.
Each experiment was performed with six independent
biological replicates per group.

Cell Viability/Cytotoxicity Assay (WST-1)

The WST-1 assay is used to assess cell viability and
cytotoxicity. In this study, we employed the WST-1 to
evaluate the cytotoxic effects of different doses and
durations of 3-ACH administration on human neuroblastoma
cells. To assess the anticancer potential of 3-ACH, we
conducted cell viability measurements using the WST-1
assay (Takara Premix WST-1 Cell Proliferation Assay
System MK400), following the manufacturer's guidelines.
The assay is based on the conversion of tetrazolium salt
into formazan by mitochondrial dehydrogenases within the
cells. Stock solutions of the tested compounds were diluted
in complete medium to final concentrations of 50, 100, and
150 pg/mL. The cells were exposed to various
concentrations of the compounds or a maximum vehicle
dose (0.1% DMSO). After incubation periods of 12, 24,
and 48 hours, cell viability was assessed. The cells were
treated with the WST-1 reagent and incubated for 4 hours
at 37 °C. Absorbance was then measured at 450 nm using
a microplate reader (Tecan Infinite 200pro) (15).
Immunostaining

Immunostaining is a technique that depends on the creation
of antigen-antibody complexes. In this study, we employed
immunostaining to investigate the apoptotic pathways
activated in SH-SY5Y cells following the administration
of 3-ACH. The aim was to elucidate the process of cell
death associated with apoptosis using this methodology.
Based on cytotoxicity results, SH-SY5Y cells were treated
with 3-ACH at 100 ug/mL for 24 hours. The cells cultured
on coverslips were fixed with a 3.5% paraformaldehyde
solution (Sigma-158127). After fixation, the cells were
rinsed with PBS (Gibco,14190-094) and immersed in PBS
azide (Chemcruz, SC-296028). The fixed cells were
incubated individually with primary antibodies against
BAX (Abcam, ab32503, rabbit), Caspase-3 (Abcam,
ab13847, rabbit), Caspase-8 (Abcam, ab32125, rabbit),
and Caspase-9 (Abcam, ab202068, rabbit) for 24 hours at
+4 °C. Subsequently, the coverslips were washed twice
with PBS to remove unbound antibodies. The cells were
then treated with FITC-labeled secondary antibody (Sigma,
F9887, anti-rabbit) for 2 hours at 37 °C. Following
another round of PBS washing, the cells were stained
with 7-amino actinomycin D (7-AAD), a DNA dye, for
30 minutes at 37 °C (15).
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Cell nuclei were stained with 7-AAD dye, producing a
red signal, while target proteins were labeled with a
FITC-conjugated antibody, emitting a green signal. The
intensity of these signals was analyzed using Imagel
software, and the images of nuclei and cytoplasm were
merged. Immunofluorescence images were qualitatively
evaluated by visually comparing fluorescence signals
between the control and treatment groups.

The immunostained cells were visualized and photographed
using an inverted fluorescence microscope (ZEISS
Axioscope 5) equipped with appropriate filter sets for
FITC (excitation: 495 nm/emission: 519 nm) and 7-AAD
(excitation: 546 nm/emission: 647 nm). Representative
images were captured at 100X magnification. The green
fluorescence (FITC signal) indicated the presence and
relative expression levels of target proteins (BAX,
Caspase-3, -8, and -9), while the red fluorescence (7-AAD)
showed nuclear staining. The relative protein expression
levels were evaluated by comparing the intensity of green
fluorescence between control and treated groups in
representative fields. An increase in green fluorescence
intensity indicated elevated protein expression compared
to control cells.

Ethics Statement

This study utilized commercially available cell lines and
did not involve human subjects or animal experiments.
Therefore, ethics committee approval was not required.
Statistical Analysis

Statistical analysis of cytotoxicity data obtained in the
study was performed using IBM SPSS Statistics Version
27.0 software. Data normality was assessed using the
Shapiro-Wilk test, and homogeneity of variances was
evaluated using the Levene test. One-way ANOVA
followed by Tukey's post-hoc test was used for multiple
comparisons. Results are expressed as meantstandard
deviation. Statistical significance was determined at a
threshold of p<0.05 for all results.

RESULTS

The synthesis of the pyrazole-acridine derivative was
completed in two stages (Figure 1). The yield of the
synthesized P4C compound was 83%, with a melting
point range of 224-225 °C. The yield of the synthesized
3-ACH compound was 62%, with a melting point range
of 280-282 °C.

Cl

(lh
(}l;
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Fourier-Transform Infrared Spectroscopy (FT-IR)
The FTIR spectrum of PAC exhibited a distinctive absorption
at 3066 cm?, indicating aromatic C-H bonds. The identified
peak at 1696 cm™ confirmed the existence of a carbonyl
group associated with the aldehyde moiety in P4C.
Additionally, the peaks in the range of 1600-1450 cm™
corresponded to C=C and C=N bonds, consistent with the
anticipated compound structure (Figure 2).

Similarly, 3-ACH, a derivative of P4C, displayed the
characteristic peak for aromatic C-H bonds at 3066 cm™.
Additional absorptions at 2959 cm? and 2869 cm?
suggested aliphatic C-H bonds. The peak at 1656 cm™
provided confirmation of the carbonyl group’s existence,
which is linked to the ketone group within the compound.
Furthermore, the peaks in the 1600-1450 cm™ range
corresponded to C=C and C=N bonds present within the
compound. Finally, the absorption peaks at 1532 cm™ and
1388 cm* were attributed to the presence of nitro groups
within the molecular structure (Figure 2) (16).

Nuclear Magnetic Resonance (NMR)

The 'H-NMR spectrum of the PAC showed a singlet at
10.08 ppm, indicating the presence of the aldehyde
proton (CHO), while the proton bonded to the carbon
atom in the pyrazole ring (C5H) resonated as a singlet at
9.08 ppm. The aromatic protons exhibited a complex
pattern of absorption, appearing as multiplets within the
range of 7.97-7.42 ppm (Figure 3a). In the H-NMR
spectrum of 3-ACH, the proton attached to the pyrazole
ring's carbon (C5H) appeared as a single signal at 7.99 ppm.
Multiplet signals observed in the 7.98-7.40 ppm range
were assigned to aromatic protons (Ar-H). The singlet at
5.57 ppm originated from the proton associated with the
C9H carbon in the acridine ring. Singular signals at 2.66
and 2.61 ppm were assigned to protons at carbons C2-C7H
and C4-C5H of the acridine ring, respectively. Furthermore,
single peaks at 1.54 ppm and 1.13 ppm corresponded to
methyl protons (CH3) in the molecule (Figure 3b).

The ¥C-NMR spectrum of P4C displayed a signal at
183.73 ppm for the aldehyde carbon atom (C=0). The
peaks at 168.19 ppm and 153.94 ppm were attributed to
carbon 2 and 9 in the benzothiazole ring, respectively. The
12 peaks observed between 150.64 and 121.78 ppm were
assigned to the aromatic carbons (Figure 3c). The 3C-NMR
spectrum of 3-ACH revealed a signal at 197.62 ppm,
indicating the presence of the ketone (C=0) carbonyl within

NH,

P TSA, THF
RdlLl\

NO,

4 NO,
Figure 1. Synthesis of pyrazole-acridine derivative from hydrazone (1: P4AC, 2: dimedone, 3: p-nitroaniline, 4: 3-ACH)
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the acridine ring. Signals at 168.50 ppm and 150.97 ppm
were attributed to carbon 2 and carbon 9 in the
benzothiazole ring, respectively. Furthermore, signals at
158.90 ppm and 158.70 ppm arose from the C4a and C10a
carbons in the acridine ring, while the signal at 150.47 ppm
denoted the carbon linked to the nitro atom (C-NOy).
Aliphatic carbon atoms were represented by signals at
54.07 ppm (C2 and C7), 52.42 ppm (C4 and C5), 31.90
ppm (C9), and 30.01 ppm (C3 and C6), all located in the
acridine ring. Finally, the signal at 28.57 ppm in the
spectrum originated from the methyl carbons within the
molecule (Figure 3d) (17).
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Mass Spectrometry (High-Performance Liquid
Chromatography Quadrupole Time-of-Flight Mass
Spectrometry, HPLC-Q-TOF/MS) Analysis

In the mass spectrum of P4C, the molecular ion peak was
identified at m/z 338.33 [M-1], corresponding to the
molecular formula C17H10CIN3OS and possessing a mass
of 338.02. The close agreement between the experimental
and theoretical molecular ion peaks indicated a high level
of purity for PAC (Figure 4). However, the theoretical mass
of 3-ACH could not be directly confirmed due to its
fragmentation during analysis. Therefore, elemental analysis
was performed to further characterize 3-ACH (13).
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Figure 4. The mass spectrum of P4C and 3-ACH

Elemental Analysis

The results demonstrated close agreement between the
calculated values and the experimental analysis for both
P4C and 3-ACH (Table 1). These findings offer strong
confirmation of the purity of the synthesized compounds
and support the accuracy of their chemical structures.
Upon comprehensive evaluation of the combined FT-IR,
NMR, mass spectra, and elemental analysis data, it can be
concluded that the target compounds were successfully
synthesized, with values consistent with previous research
findings. This thorough analysis provides robust evidence
regarding the successful synthesis and characterization of
the compounds following established scientific knowledge.
Cell Viability

The application of 3-ACH for 12 hours resulted in a
statistically significant decrease in cell viability rates of
94.544+2.50% (p=0.015) and 94.33+1.84% (p=0.011) at
doses of 100 pg/mL and 150 pg/mL, respectively.
However, applying 50 pg/mL of 3-ACH for the same
duration did not result in a significant decrease in cell
viability rates (98.28+4.69%, p=0.718) compared to the
control group. While extending the exposure time to 24
hours, doses of 100 ug/mL (89.89+7.63%, p=0.002) and
150 pg/mL (90.53+2.88%, p=0.004) of 3-ACH continued
to show a statistically significant reduction in cell viability
compared to the control group, there was no statistically
significant decrease observed when 50 pg/mL of 3-ACH

was applied for 24 hours (98.37+1.67%, p=0.903).
Additionally, both 100 pg/mL and 150 pg/mL doses
showed significant decreases compared to the 50 pg/mL
group (p=0.011 and p=0.019, respectively). Comparing
the exposure times, the 24-hour application of 3-ACH at
100 pg/mL and 150 pg/mL resulted in a more substantial
reduction in cell viability compared to the 12-hour
application of 3-ACH at the same doses. After exposing
the cells to 3-ACH for 48 hours, a notable and statistically
significant reduction in cell viability was observed across
all dosage levels when compared to the control group,
94.55+0.65% for 50 pg/mL, 95.18+1.41% for 100 pg/mL,
and 95.28+2.57% for 150 pg/mL (all p<0.001, Figure 5).
The overall effect of the 3-ACH treatment was significant
at all time points (p=0.004 for 12 hours, p<0.001 for both
24 and 48 hours, Table 2).

Table 1. PAC and 3-ACH elemental analysis
P4C (C17H10CIN3OS)  3-ACH (C39H34CIN504S)

Calculated Found Calculated Found
%C 60.09 59.93 66.51 66.32
% H 2.97 3.01 4.87 4.90
% N 12.37 12.42 9.94 10.02
%S 9.44 9.47 4,55 4,61

Table 2. Cell survival rates (%) of SH-SY5Y cells treated with different doses of 3-ACH at different time points

Time Control 3-ACH 50 pg/mL 3-ACH 100 pg/mL 3-ACH 150 pg/mL p

12-hour 100.00+0.00 98.28+4.69 94.54+2.50 "# 94.33+1.84 "# 0.004
24-hour 100.00+0.00 98.37+1.67 89.89+7.63 90.53+2.88 ™ <0.001
48-hour 100.00+0.00 94.55+0.65 ™ 95.18+1.41 ™" 95.28+2.57 ™ <0.001

Values are presented as meanstandard deviation, *: different from control, #: different from 3-ACH 50 ug/mL, 1 symbol p<0.05, 2 symbols p<0.005, and 3 symbols p<0.001

Duzce Med J, 2025;27(1)
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Figure 5. The cytotoxic impact of 3-ACH on SH-SY5Y cells was assessed at a) 12 hours, b) 24 hours, and c) 48 hours

3-ACH Stimulates Cell Death in SH-SY5Y Human
Neuroblastoma Cells by Triggering Apoptosis
Immunofluorescence analysis revealed that BAX protein
expression was significantly elevated in SH-SY5Y cells
treated with 3-ACH (100 pg/mL) for 24 hours compared
to untreated controls. Similarly, the expression levels of
Caspase-3, -8, and -9 were markedly increased in treated
cells compared to the control groups (Figure 6). These
elevated levels of both intrinsic (BAX, Caspase-9) and
extrinsic (Caspase-8) pathway proteins, together with the
executioner caspase (Caspase-3), suggested comprehensive
activation of apoptotic pathways.

DISCUSSION

Cancer is the uncontrolled movement of abnormal cells,
which reduces the standard of living and is an important
cause of death in both developed and developing countries.
The core structure of pyrazole serves as the foundation for
a class of medications employed in addressing various
medical  conditions.  These  conditions include
cardiovascular diseases, neurological disorders, tumors,
respiratory ailments, endocrine disorders, and metabolic
abnormalities.

In recent years, research interest in pyrazole derivatives
has been increasing due to their diverse biological
activities. Currently, there are 34 pyrazole-based
therapeutic drugs under investigation in clinical practice or
clinical trials (18). Pyrazole is a significant heterocyclic
structure with a potent pharmacological profile and can
serve as a crucial pharmacophore in the drug discovery
procedure, particularly for the development of anti-cancer
and anti-inflammatory drugs (19). The pyrazolic analogue
with different pharmacophoric subunits has been tested in
numerous cancer cell lines, including neuroblastoma. The
lethal effect of bis(pyrazolyl)alkanes co-synthesized with
Pd (I) dichloride and diacetate complexes on SH-SY5Y
has been demonstrated using the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) cytotoxicity
test. However, their cytotoxic impact was less pronounced
compared to cisplatin (20). A novel series of 1,2,4-
oxadiazoles incorporating 1,2,3-triazole-pyrazoles was
synthesized, and cytotoxicity tests were performed on
cancer cell lines, including A549 (lung cancer), DU-145 and

Duzce Med J, 2025;27(1)
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PC3 (prostate cancer), and MCF-7 (breast cancer) human
cancer cell lines. Many of the synthesized compounds
showed activity against all cell lines, while some
demonstrated a more potent cytotoxic effect (21). In the
study by Akhtar et al. (22), specific pyrazole-pyrazoline
hybrid derivatives targeting the COX-2 enzyme were
synthesized. They demonstrated strong anticancer
potential against A549, SiHa (cellosaurus cancer cell line),
HepG2 (hepatocellular carcinoma), and COLO205 (colon
cancer) cell lines, as evidenced by the MTT assay (with
IC50 values of approximately 4.94 uM, 4.94 uM, 2.09
uM, and 4.86 uM, respectively). Given the specificity of
these compounds towards the COX-2 enzyme, it can be
inferred that they exerted their anticancer effects through
COX-2 inhibition.

Acridine, a crystalline compound discovered by Graebe
and Caro in 1870 from coal tar, has many uses, including
medicine and industry. Acridine has been the subject of
research with its antibacterial, antiparasitic, antiviral, and
antimalarial properties. The anticancer effect of acridine
derivatives has been investigated due to interactions with
DNA and DNA-related enzymes, topoisomerase I, and
telomerase (23,24). Hybrid compounds of 9-aminoacridine
and artemisinin-acridine were synthesized and the
cytotoxic and apoptotic activity of HepG2 and SH-SY5Y
were evaluated against CHO cells (Chinese hamster ovary
cells), and both acridine and artemisinin pharmacophores
showed hepatotoxicity and neurotoxicity (25).

Recent studies have highlighted the therapeutic potential
of combining the pyrazole and acridine pharmacophores.
Hu et al. (26) demonstrated that pyrazoloacridine exhibits
synergistic cytotoxicity when combined with conventional
anticancer agents like doxorubicin, etoposide, and
topotecan, particularly in drug-resistant tumor cells. Their
research showed that these combinations could effectively
overcome drug resistance mechanisms. Additionally,
Adjei (12) reported that pyrazoloacridine represents a
novel class of anticancer agents with distinct advantages,
including activity against solid tumors, effectiveness in
hypoxic conditions, and ability to target drug-resistant
cells. Notably, pyrazoloacridine maintains its activity against
cells that are resistant to other agents due to P-glycoprotein
overexpression or topoisomerase deficiency. Building on
these promising findings, phase 2 clinical studies have
been conducted evaluating pyrazole-acridine derivatives
in breast and ovarian cancer (27,28). In a pioneering study,
Sugaya et al. (29) demonstrated significant inhibition of
Hela S3 cell proliferation in vitro and remarkable
suppression of P388 leukemia and sarcoma 180 solid
tumors in vivo using novel pyrazole-acridine derivatives.
Notably, these compounds exhibited superior antitumor
activity at lower doses compared to adriamycin.

Our results indicate that 3-ACH holds promise as a
potential anticancer agent for targeting SH-SY5Y human
neuroblastoma cells. The cytotoxic effects of pyrazole
derivatives on neuroblastoma cells have been demonstrated
in the literature. In our study, we similarly confirmed the
anticancer properties of the pyrazole-acridine compounds
that we synthesized on neuroblastoma cells. Furthermore,
we elucidated the underlying apoptotic mechanism of cell
death through immunostaining. Apart from its cytotoxic
impact, we additionally noticed that the administration of
3-ACH activated several apoptosis-associated proteins,
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such as BAX, Caspase-9, -8, and -3. These proteins have
well-established roles in both the intrinsic and extrinsic
apoptotic pathways, which are tightly regulated
mechanisms of programmed cell death frequently
disrupted in cancer cells.

Apoptosis is a complex process with two main pathways:
the intrinsic (mitochondrial) pathway and the extrinsic (cell
surface receptor-mediated) pathway. When these apoptotic
processes work in balance, they contribute to healthy tissue
homeostasis, being a natural part of the cell's life cycle (30).
Compared to the control group, there was an increase in
the synthesis of proteins involved in the intrinsic pathway
components, BAX and Caspase-9. Additionally, the
synthesis of Caspase-8, an extrinsic pathway component,
and Caspase-3, which plays a role in both intrinsic and
extrinsic pathways, significantly increased. These results
indicate that 3-ACH may exert its cytotoxic effect by
activating both intrinsic and extrinsic pathways.

We have synthesized a novel pyrazole-acridine derivative
using a four-step synthetic process and characterized its
structure using FT-IR, NMR, HPLC-Q-TOF/MS, and
elemental analysis techniques. This development is
particularly significant given the current limitations of
chemotherapy, which despite being the prevailing
approach in cancer treatments, suffers from several
drawbacks including high toxicity, side effects, costly
nature, and limited targeting specificity. Our findings
suggest that pyrazole-acridine hybrids may offer a
promising alternative therapeutic approach for cancer
treatment, with the potential for enhanced efficacy and
improved selectivity. However, it is important to
acknowledge certain limitations of our study and address
future research directions. The current investigation
primarily focused on in vitro analyses, and while these
results are promising, they represent only the initial steps
in understanding the therapeutic potential of 3-ACH.
Several critical aspects require further investigation: First,
additional experimental approaches, such as intracellular
calcium imaging and Western blot analysis, are needed to
provide stronger validation of the apoptotic pathways we
observed. Second, the compound's ability to cross the
blood-brain barrier, which is crucial for treating
neuroblastoma, remains to be determined. Third, whether
3-ACH acts as a prodrug requiring metabolic activation or
functions directly in its current form is yet to be
established. To address these questions, comprehensive in
vivo studies will be necessary to assess both the
compound's efficacy and safety profile in animal models.
Additionally, investigating potential synergistic effects
with existing chemotherapeutic agents could provide
valuable insights for combination therapy approaches.
These future investigations would significantly enhance
our understanding of 3-ACH's therapeutic potential and
guide its development as an anticancer agent.

CONCLUSIONS

Our research illustrates that 3-ACH has cytotoxic effects
on SH-SY5Y human neuroblastoma cells, which are
dependent on both the dosage and duration of exposure.
Additionally, we noted activation of apoptosis-associated
proteins, such as BAX, Caspase-3, -8, and -9, upon exposure
to 3-ACH. These proteins are crucial in the intrinsic and
extrinsic apoptotic pathways, which are tightly regulated
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mechanisms of programmed cell death that are often
disrupted in cancerous cells. The stimulation of these
proteins indicates that 3-ACH possesses the capability to
trigger apoptosis, serving as the underlying mechanism
responsible for its cytotoxic impact on SH-SY5Y human
neuroblastoma cells. Further investigations are necessary
to elucidate the precise mechanisms through which 3-ACH
acts on neuroblastoma cancer cells.
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ABSTRACT

Aim: Malnutrition is associated with postoperative morbidity and mortality in geriatric
patients. This study investigated the prognostic value of geriatric nutritional risk index (GNRI)
and prognostic nutritional index (PNI) in geriatric orthopedic trauma patients.

Material and Methods: Geriatric (>65 years old) patients followed in the surgical intensive
care unit after orthopedic trauma surgery between June 2019 and June 2022 were evaluated
retrospectively. Patients were classified into mortality and survivor groups. GNRI was
calculated according to the ratio of serum albumin level and actual body weight to ideal body
weight. PNI was obtained from serum albumin level and blood lymphocyte count.

Results: The study included 371 patients. American Society of Anesthesiologists (ASA) IV
status was significantly higher in the mortality group (p<0.001). Mean BMI, albumin,
lymphocyte levels, PNI, and GNRI were significantly lower in the mortality group (p=0.009,
p=0.008, p=0.030, p=0.001, and p=0.003, respectively). While the median Glasgow coma
scale (GCS) score was significantly lower, the median acute physiology and chronic health
evaluation (APACHE)-II score and median injury severity score (ISS) were significantly
higher in the mortality group (p<0.001 for all). Regression analysis revealed that ASA IV
status, APACHE-II score, and ISS were independent predictors of mortality. In ROC curve
analysis, the area under the curve (AUC) for GNRI was 0.660 (95% ClI, 0.553-0.768), and the
AUC for PNI was 0.654 (95% Cl, 0.566-0.743).

Conclusion: In geriatric orthopedic trauma patients, nutritional scores GNRI and PNI help
predict in-hospital mortality. Although their prognostic values are not high, they are similar.
Keywords: Trauma; malnutrition; geriatric nutritional risk index; prognostic nutritional index;
mortality.

0z

Amag: Malnutrisyon, geriatrik hastalarda postoperatif morbidite ve mortalite ile iliskilidir. Bu
calismada, geriatrik ortopedik travmali hastalarda geriatrik nutrisyonel risk indeksi (GNRI) ve
prognostik nutrisyonel indeksin (PNI) prognostik degeri aragtirilmigtir.

Gere¢ ve Yontemler: Haziran 2019 ile Haziran 2022 tarihleri arasinda ortopedik travma
cerrahisi sonrasinda cerrahi yogun bakim iinitesinde takip edilen geriatrik (=65 yas) hastalar
retrospektif olarak degerlendirildi. Hastalar mortalite ve yasayan gruplari olarak siiflandirildi.
GNRI, serum albiimin diizeyi ile ger¢ek viicut agirliginin ideal viicut agirligina oranina gore
hesaplandi. PNI ise serum albumin diizeyi ve kan lenfosit sayisindan elde edildi.

Bulgular: Calismaya 371 hasta dahil edildi. Mortalite grubunda Amerikan Anestezistler
Dernegi (American Society of Anesthesiologists, ASA) IV statiisii anlamli olarak daha
yiiksekti (p<0,001). Mortalite grubunda ortalama BMI, albumin, lenfosit diizeyleri ile PNI ve
GNRI anlamli sekilde daha diisiiktii (sirasiyla p=0,009, p=0,008, p=0,030, p=0,001 ve
p=0,003). Mortalite grubunda ortanca Glasgow koma skalas1 (GKS) skoru anlamli sekilde
daha diisiikken, ortanca akut fizyoloji ve kronik saglik degerlendirmesi (acute physiology and
chronic health evaluation, APACHE)-II skoru ve ortanca yaralanma siddet skoru (injury
severity score, ISS) anlamli olarak daha yiiksekti (hepsi i¢gin p<0,001). Regresyon analizinde
ASA 1V statiisii, APACHE-II skoru ve 1SS nin mortalitenin bagimsiz prediktorleri oldugu
belirlendi. ROC egrisi analizinde, egri altinda kalan alan (area under the curve, AUC), GNRI
i¢in 0,660 (%95 GA, 0,553-0,768) ve PNI i¢gin 0,654 (%95 GA, 0,566-0,743) saptandi.
Sonug: Geriatrik ortopedik travmalr hastalarda, nutrisyonel skorlardan GNRI ve PNI, hastane
ici mortalitenin Ongoriilmesinde faydalidir. Prognostik degerleri yiiksek olmamakla birlikte
benzer saptanmugtir.

Anahtar kelimeler: Travma; malniitrisyon; geriatrik nutrisyonel risk indeks; prognostik
nutrisyonel indeks; mortalite.
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INTRODUCTION

Trauma is on the rise in the geriatric population, leading to
functional limitations, morbidity, and mortality (1,2).
Visual  impairments,  musculoskeletal  problems,
comorbidities, and polypharmacy are contributing factors
to this trend (3). Low-energy traumas, such as hip
fractures, are a common consequence of osteoporosis in
geriatric patients, while craniofacial traumas carry the
highest mortality rates (4). There is an increased risk of
complications in patients with geriatric trauma. These
patients require intensive care unit (ICU) care and may
have long lengths of stay (5). The treatment and care
process in critical geriatric trauma patients negatively
affects the patient and their relatives physically,
psychologically, and socially.

Malnutrition in geriatric patients occurs due to inadequate
or excessive energy consumption or imbalance in food
consumption. It can cause physical and cognitive
dysfunction, decreased quality of life, postoperative
complications, and increased mortality in elderly
individuals (6). Malnutrition is also associated with
higher levels of frailty. Nutritional deficiencies in
functionally limited geriatric patients with comorbidities
should be prevented. In addition to body mass index,
anthropometric measurements, and biochemical markers,
various nutritional screening tests are used to assess
malnutrition. However, there is yet to be an ideal method
on which there is a consensus to assess malnutrition in
geriatric patients. The lack of consensus on this issue is a
significant challenge that needs to be addressed. The
geriatric nutritional risk index (GNRI) and prognostic
nutritional index (PNI) are associated with poor
prognosis in both trauma patients and critically ill patients,
followed by non-traumatic reasons, and are predictors of
mortality (7,8). PNI helps evaluate preoperative nutritional
status and may help determine the geriatric population's
postoperative delirium and ICU requirements (9,10).
However, there are not enough studies comparing the
prognostic value of GNRI and PNI in geriatric trauma
patients in the postoperative period, further highlighting
the need for more research in this area.

This study aimed to compare the prognostic value of GNRI
and PNI on mortality in critically ill geriatric trauma
patients followed in the surgical ICU (SICU) during the
postoperative period.

MATERIAL AND METHODS

This retrospective observational study complied with the
principles of the Declaration of Helsinki. It was initiated
after the approval of the scientific research ethics
committee of Istanbul Kanuni Sultan Siileyman Training
and Research Hospital (27.03.2024, 55). Patients who
underwent surgery due to geriatric trauma at the University
of Health Sciences, Istanbul Kanuni Sultan Siileyman
Training and Research Hospital between June 2019 and
June 2022 and whose postoperative follow-up and
treatment were performed in the SICU were included in
the study. Study data were obtained from the hospital
information system and patient follow-up forms.
Inclusion criteria were: 1) >65 years of age, 2) orthopedic
trauma patients undergoing surgery. Exclusion criteria
included: 1) preoperative albumin transfusion, 2) undergoing
major surgery within the last month, 3) chronic renal failure,
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4) severe liver dysfunction, 5) not checking albumin level
during SICU admission, 6) viral and bacterial infection
within the last month, and 7) missing data.

Along with demographic data, comorbidities, American
Society of Anesthesiologists (ASA) status, Glasgow coma
scale (GCS) score, acute physiology and chronic health
evaluation (APACHE)-II score, injury severity score (ISS),
hemoglobin, albumin, and lymphocyte levels on admission
to SICU and in-hospital mortality of geriatric patients who
underwent surgery after trauma and were followed in
SICU were recorded. GNRI and PNI were calculated from
the patient's blood results at admission to the SICU. The
patients were classified as survivor and mortality groups,
and the data were compared.

Prognostic Nutritional Index (PNI)

A PNI based on serum albumin and lymphocyte
concentrations is a new inflammation-based risk score that
predicts prognosis in various patient populations. PNI has
also been reported to predict postoperative morbidity and
mortality in geriatric trauma patients (8-10). It is calculated
from the formula PNI = (10 x serum albumin (g/dL) +
0.005 x total lymphocyte count).

Geriatric Nutritional Risk Index (GNRI)

The GNRI, a practical and effective tool, is used to identify
patients at risk of morbidity and mortality due to
malnutrition. Calculated using albumin and ideal body
weight (IBW), this score can be readily applied in daily
practice, providing a valuable tool for patient care.
GNRI=[1.489 x albumin (g/L)] + [41.7 x (weight/IBW)].
GNRI has been shown to have prognostic value in geriatric
trauma patients and patients with malignancy (6,7,11,12).
IBW was calculated using the following formula in male
and female, widely accepted and used in the literature due
to its accuracy and simplicity (7). IBW male= (height-80)
x 0.7, IBW female= (height-70) x 0.6

This was a retrospective observational study aimed to
compare the effectiveness of the GNRI and the PNI in
predicting in-hospital mortality among elderly patients
with orthopedic trauma, and all patients who met the
inclusion and exclusion criteria during three years between
June 2019 and June 2022 were included.

Statistical Analysis

The statistical analyses were performed using IBM SPSS
Statistics, Version 27.0 (IBM Corp., Armonk, NY). The
Kolmogorov-Smirnov test, histogram, skewness, and
kurtosis values assessed the conformity of the data to
normal distribution. Descriptive statistics of the data
according to normality were expressed as mean+standard
deviation, and median (interquartile range) [min-max].
The independent samples t-test was used to analyze
guantitative data showing a normal distribution, and the
Mann-Whitney U test was used to analyze data not
showing a normal distribution. Qualitative data were
expressed as the number of patients, and percentage, and
analyzed using the Pearson chi-square test and Fisher's
exact test. Multivariate logistic regression analysis was
performed to evaluate independent factors of mortality.
Receiver operating characteristics (ROC) curve analysis
was performed to determine the prognostic value of GNRI
and PNI. Youden index was used to determine the cut-off
values of GNRI and PNI. The statistical significance level
for all analyses was set at p<0.05.
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RESULTS

Between June 2019 and June 2022, 371 patients who
underwent surgery for geriatric orthopedic trauma and
were followed up in the SICU postoperatively were
included in the study (Figure 1). The mean age of the
patients was 78.5+£8.4 years, and 61.7% (n=229) were
female. Age and gender did not differ significantly
between the groups (p=0.229 and p=0.607, respectively).
Median BMI was significantly lower in the mortality
group (24.1 vs. 25.7 kg/m?, p=0.009). ASA IV status was
significantly higher in the mortality group than in the
survivor group (18.2% vs. 2.7%, p<0.001). In the mortality

June 2019- June 2022
408 geriatric orthopedic
trauma patients

Excluded (n=37)

Viral or bacterial infection (n=12)
Chronic renal failure (n=8)
Missing data (n=17)

Included in the study (n=371)

Group Survivor (n=338) Group Mortality (n=33)

Analysis

Figure 1. Flow chart of the study
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group, median GCS score were significantly lower, while
APACHE-II score and ISS at admission were significantly
higher (p<0.001 for all). While hemoglobin levels at SICU
admission did not differ significantly (p=0.857) between
the groups, albumin (2.8+0.6 vs. 3.1+0.5 g/dL, p=0.008)
and lymphocyte (1.4£0.6 vs. 1.7+0.6 x10%L, p=0.030)
levels were significantly lower in the mortality group. In
the mortality group, median PNI (27.9 vs. 31.2, p=0.001)
and median GNRI (51.2 vs. 54.4, p=0.003) were found
significantly lower (Table 1).

Hypertension was found in 67.9% (n=252) of the patients,
diabetes mellitus in 34% (n=126), coronary artery
disease/heart failure in 31.5% (n=117), asthma/chronic
obstructive pulmonary disease in 12.9% (n=48),
hemorrhagic and ischemic stroke in 9.7% (n=36), and
chronic renal failure in 7.3% (n=27). No significant
difference was found between the groups regarding
comorbidities (Table 2).

Multivariate regression analysis was performed for ASA
status, GCS, APACHE-II score, and ISS, which are
prognostic scoring systems in trauma patients and show
significant differences in mortality in patients followed in
SICU, and nutritional scores GNRI and PNI. The enter
method was used in regression analysis. ASA IV status,
APACHE-II score, and ISS were found as independent
predictors of mortality (p=0.038, p=0.004, and p<0.001,
respectively). Multicollinearity between GNRI and PNI
was evaluated using the Pearson correlation analysis. A
weak correlation coefficient (r=0.15) was detected between

Table 1. Clinical characteristics of the patients and comparison of groups

Survivor Group (n=338) Mortality Group (n=33) p

Overall (n=371)

Age (year) 78.3+£8.3 80.1+8.8 0.229 78.5+8.4
Gender, n (%)

Female 210 (62.1) 19 (57.6) 0.607 229 (61.7)
Male 128 (37.9) 14 (42.4) ’ 142 (38.3)
BMI (kg/m?) 25.7 (23-28) [16-44] 24.1 (22-24) [21-34] 0.009 25.5 (23-27) [16-44]

Weight (kg) 69.5+12.7 66.1+10.5 0.090 69.2+12.6
IBW (kg) 56.7+5.0 57.6+5.3 0.403 56.8+5.0
ASA Status, n (%)

| 4(1.2) 0 (0.0) 4 (1.1)

1 65 (19.2) 2(6.1) <0.001 67 (18.1)

1l 260 (76.9) 25 (75.7) ’ 285 (76.8)

v 9(2.7) 6(18.2) 15 (4.0)
GCs 15 (12-15) [3-15] 12 (3-12) [3-15] <0.001 15 (12-15) [3-15]
APACHE-II 13 (9-18) [6-37] 29 (22-32) [11-46] <0.001 14 (10-19) [6-46]
ISS 9 (9-9) [4-25] 25 (25-25) [9-25] <0.001 9 (9-9) [4-25]
ISS, n (%)

1-15 292 (86.4) 1(3.0) 293 (79.0)

16-24 44 (13.0) 7(21.2) <0.001 51 (13.7)

>25 2(0.6) 25 (75.8) 27 (7.3)
Duration of ICU (days) 3(1-8) [1-81] 12 (5-17) [2-82] <0.001 3(2-9) [1-82]
Hemoglobin (g/dL) 10.9+1.7 10.8+1.9 0.857 10.9+1.7
Albumin (g/dL) 3.1+0.5 2.840.6 0.008 3.1+0.5
Lymphocyte (x10%L) 1.7+0.6 1.4+0.6 0.030 1.7+0.6
PNI 31.2 (28-35) [14-45] 27.9 (23-32) [16-42] 0.001 30.9 (28-35) [14-45]
GNRI 54.4 (50-59) [33-94] 51.2 (47-53) [45-72] 0.003 54.2 (50-59) [33-94]

BMI: body mass index, IBW: ideal body weight, ASA: American Society of Anesthesiologists, GCS: Glasgow coma scale, APACHE-II: acute physiology and chronic health
evaluation-Il, ISS: injury severity score, ICU: intensive care unit, PNI: prognostic nutritional index, GNRI: geriatric nutritional risk index, data were expressed as number of
patients (percentage), meantstandard deviation, and median (interquartile range) [min-max]

Duzce Med J, 2025;27(1)
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Table 2. Comparison of comorbid diseases between the groups

Survivor Group (n=338) Mortality Group (n=33) p

Overall (n=371)

Comorbidity

Hypertension, n (%) 231 (68.3)
Diabetes, n (%) 112 (33.1)
CAD/HF, n (%) 109 (32.2)
Asthma/COPD, n (%) 47 (13.9)
Stroke, n (%) 34 (10.1)
Chronic renal failure, n (%) 24 (7.1)

21 (63.6) 0.580 252 (67.9)

14 (42.4) 0.282 126 (34.0)
8(24.2) 0.345 117 (31.5)
1(3.0) 0.076 48 (12.9)
2(6.1) 0.459 36 (9.7)
3(9.1) 0.674 27 (7.3)

CVD/HF: coronary artery disease/heart failure, COPD: chronic obstructive pulmonary disease

the two. PNI and GNRI were not independent predictors
of mortality (Table 3). The regression analysis determined
that -2 Log likelihood= 28.992, Nagelkerke R square=0.901.
For the Hosmer and Lemeshow test, p=1.000.

The PNI and GNRI prognostic values used to predict
mortality were evaluated with ROC curve analysis. The
optimal cut-off value for PNI was 26, and the area under
the curve (AUC) was 0.660 (95% CI, 0.553-0.768). The
AUC was 0.654 (95% ClI, 0.566-0.743) and the cut-off
value was 53.1 for GNRI (Table 4, Figure 2). PNI and
GNRI help predict mortality in geriatric orthopedic
patients. Although their prognostic values are not high,
they are close to each other.

DISCUSSION

In this study conducted in a tertiary center, ASA IV status,
GCS, APACHE-II score, and ISS at admission to SICU,
albumin, lymphocyte levels, and PNI and GNRI helped
predict mortality in geriatric trauma patients. ASA 1V
status, APACHE-II score, and 1SS were independent
predictors of mortality, while PNI and GNRI were not
independent predictors of mortality. At the same time,
GNRI and PNI were found to have similar prognostic
values in predicting mortality.

The elderly population is increasing worldwide in parallel
with the increase in average life expectancy, improvement
in quality of life due to significant medical developments,
and the decrease in population growth rate. Falls and
fall-related injuries are common in the elderly geriatric
population. Falls are seen in approximately 30% of adults
aged 60 and over every year (13). It has been reported that
geriatric trauma patients have orthopedic trauma most
frequently and are primarily patients with hip (proximal
femur) fractures (10,14). It has been stated that geriatric
traumas are more common in females, and 60% occur due
to falls (14). The present study included patients with
orthopedic trauma. In line with the literature, the female
gender ratio (61.7%) was found to be higher, but gender
did not show a significant effect on mortality. Hip
fractures affect more than 1 million people annually
globally, with the highest mortality occurring within the
first 30 days (15). Geriatric patients are at high risk for
nutritional deficiencies and malnutrition due to their low
functional capacity, multiple comorbidities, polypharmacy,
inadequate nutrition, and dysphagia (16). Malnutrition is a
serum albumin level of <3.5 g/dL or a peripheral blood
lymphocyte count of <1500 cells per mm? (17). Malnutrition
is associated with increased risk of complications, increased
length of hospital stay, readmission to the ICU, increased
infection rates, and higher mortality rates in hospitalized
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Table 3. Regression analysis for mortality

OR 95% CI p
ASA IV 4.621 1.311-12.188 0.038
GCS 0.951 0.727-1.243 0.713
APACHE-II 1.365 1.103-1.690 0.004
ISS 1.978 1.463-2.673 <0.001
PNI 0.888 0.722-1.093 0.263
GNRI 0.890 0.763-1.039 0.141

OR: odds ratio, CI: confidence interval, ASA: American Society of
Anesthesiologists, GCS: Glasgow coma scale, APACHE-II: acute physiology and
chronic health evaluation-II, ISS: injury severity score, PNI: prognostic nutritional
index, GNRI: geriatric nutritional risk index

Table 4. Mortality prediction performance of PNI and GNRI

Cut-off AUC (95% CI) Sensitivity Specificity
PNI 26.0 0.660(0.553-0.768) 455 85.5
GNRI 531 0.654(0.566-0.743)  75.8 59.5

PNI: prognostic nutritional index, GNRI: geriatric nutritional risk index, AUC: area
under the curve, ClI: confidence interval
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Figure 2. ROC curve analysis of PNI and GNRI

ROC: receiver operating characteristic, PNI: prognostic nutritional index, GNRI:
geriatric nutritional risk index

patients (18-20). While mortality rate is around 13% in
patients with hip fractures within the first month, this rate
can increase to 25% in geriatric hip fracture patients with
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malnutrition (21,22). Low albumin and lymphocyte levels,
essential markers in evaluating malnutrition in patients
with geriatric hip fractures, are prognostic factors in
determining 1-year mortality (23). In the present study, the
in-hospital mortality rate in geriatric orthopedic trauma
patients was found to be 8.9%. In line with the literature,
albumin, and lymphocyte levels at admission to the SICU
were significantly low in the mortality group. However,
their prognostic value is limited due to many factors that
can affect aloumin and lymphocyte levels. Although the
patients had various comorbidities, they did not show a
significant effect on mortality.

Prognostic scoring systems are used to plan treatment and
improve patient care in non-traumatic or trauma patients
monitored in the ICU. In addition to non-trauma-specific
scores (GCS, APACHE-II), various trauma-specific
scores (ISS and revised trauma score) are used to predict
mortality (2,3,10,24). In addition to these scores,
nutritional scores such as PNI and GNRI have recently
been reported to have prognostic value in various clinical
situations in the geriatric population, where malnutrition is
frequently seen (6-10). PNI is a simple measurement used
to assess the patient's nutritional status. It can be easily
calculated using serum albumin and lymphocyte count.
Low PNI values have been reported to be an independent
predictor of 6-month mortality after cancer surgery (8). It
has also been reported that the preoperative PNI value,
which can be easily calculated in geriatric hip fracture
patients, is wvalid in predicting postoperative 1CU
requirements and mortality (10). In another study, low
preoperative PNI values in geriatric hip fracture patients
were associated with increased hospital stay, postoperative
delirium, and increased mortality (25). Another nutritional
indicator with prognostic value in geriatric patients is the
GNRI, calculated using serum albumin level, body weight,
and IBW. It has been reported that GNRI has prognostic
value in heart failure (26), chronic obstructive pulmonary
disease (27), some malignancies (11,28), and trauma
patients (7,29). Su et al. (30) reported that in geriatric
patients with femoral fractures, GNRI helps to classify
malnourished patients and that low GNRI scores lead to a
significant increase in mortality. Kregel et al. (31) reported
that infectious complications are higher, hospital stays are
more extended, and mortality is higher in geriatric trauma
patients with low GNRI scores. To our knowledge, the
prognostic value of GNRI and PNI has not been compared
in geriatric trauma patients. Our study found that GNRI
and PNI calculated at the time of admission to SICU were
helpful in predicting in-hospital mortality, and their
prognostic values were similar. However, it was
determined that both GNRI and GNRI have lower
prognostic value than the APACHE-II and ISS scores
currently used to determine prognosis in the ICU.

The main limitation of the study is that it is retrospective
and single-center design. Secondly, in-hospital mortality
was evaluated to determine the prognosis in the study, and
data over 28 days were not recorded. Thirdly, patients
other than orthopedic trauma patients (such as intracranial
trauma patients) were not included in the study. Fourthly,
serum albumin levels of some patients were not measured
during admission to the SICU. Excluding these patients
may have affected the study results.

Duzce Med J, 2025;27(1)
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CONCLUSION

Orthopedic traumas, especially hip fractures, are primarily
seen in geriatric trauma patients due to falls. Malnutrition
is frequently seen in geriatric patients who undergo
surgery due to orthopedic trauma and is associated with
postoperative complications and mortality. In orthopedic
trauma patients followed in the postoperative SICU,
GNRI, and PNI at admission help predict in-hospital
mortality and have similar predictive values. It should be
remembered that the detection and treatment of nutritional
deficiencies in the geriatric population is not just effective,
but also brings hope and optimism for the patient's
prognosis.
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ABSTRACT

Aim: The coronavirus disease 2019 (COVID-19) pandemic had and continues to directly
impact antibiotic management. This study aimed to evaluate antibiotic use and its impact on
intensive care unit (ICU) admission and mortality in COVID-19 patients.

Material and Methods: The medical records of 324 COVID-19 patients aged >18 years who
had clinical signs of infection and were followed up in the service were retrospectively
evaluated. Patients were divided into two groups, those who received antibiotics and those who
did not. Patients transferred from the ICU to the ward, discharged on the first day, or had
missing data were excluded from the study.

Results: Of the patients, 172 (53.1%) were male, 152 (46.9%) were female, and 212 (65.4%)
received antibiotic treatment. Hospitalization longer than one week (p<0.001), pulse steroid
use (p=0.011), ICU admission (p=0.002) and mortality (p<0.001) were significantly higher in
patients receiving antibiotics. While CRP (p<0.001), PCT (p=0.001), and ferritin (p=0.017)
values obtained at admission and 48-72 hours were also found to be higher in antibiotic-using
patients, there was no difference in CRP value (p=0.052) at discharge. Duration of
hospitalization, antibiotic use, pulse steroid use, and being 60 years and older were found to
be risk factors for mortality and ICU admission.

Conclusion: Overusing antibiotics in COVID-19 patients did not have a positive effect on
mortality and ICU requirements. Considering the harms of excessive antibiotic use,
recommendations and practices that lead to rational antibiotic use are needed. Furthermore,
factors predicting mortality and ICU can be used in clinical practice.

Keywords: Antibiotics; COVID-19; intensive care unit; mortality.

0z

Amag: Koronaviriis hastaligi 2019 (coronavirus disease 2019, COVID-19) pandemisinin
antibiyotik yonetimi tizerinde dogrudan bir etkisi olmustur ve olmaya devam etmektedir. Bu
caligmanimn amaci, COVID-19 hastalarinda antibiyotik kullanimi ve bunun yogun bakim
iinitesine (YBU) yatis ve mortalite iizerindeki etkisini degerlendirmektir.

Gerec ve Yontemler: Enfeksiyonun klinik bulgulari olan ve serviste takip edilen >18 yas 324
COVID-19 hastasinin tibbi kayitlar1 geriye doniik olarak degerlendirildi. Hastalar antibiyotik
tedavisi alanlar ve almayan olmak iizere iki ayr1 gruba ayrildi. YBU'den servise devredilen,
birinci giin taburcu edilen veya eksik verisi olan hastalar ¢calisma dis1 birakildi.

Bulgular: Hastalarin 172’si (%53,1) erkek, 152’si (%46,9) kadin ve 212’si (%65,4)
antibiyotik tedavisi almisti. Bir haftadan uzun hastanede yatis (p<0,001), pulse steroid
kullanimi (p=0,011), yogun bakim yatis1 (p=0,002) ve mortalite (p<0,001) antibiyotik kullanan
hastalarda anlamli olarak daha yiiksekti. Antibiyotik kullanan hastalarda yatista ve 48-72.
saatlerde elde edilen CRP (p<0,001), PCT (p=0,001) ve ferritin (p=0,017) degerleri de daha
yiiksek bulunurken, taburculuktaki CRP degeri (p=0,052) agisindan fark yoktu. Hastanede
yatig stiresi, antibiyotik kullanimi, pulse steroid kullanimi ve 60 yas ve tizeri olmak mortalite
ve YBU yatis icin risk faktorleri olarak bulunmustur.

Sonuc: COVID-19 hastalarinda asir1 antibiyotik kullantmmin, mortalite ve YBU gereksinimi
iizerinde olumlu bir etkisi olmamigtir. Asirt antibiyotik kullaniminin zararlart géz Oniine
alimarak akilci antibiyotik kullanimina yonlendiren Oneri ve uygulamalara ihtiyag vardir.
Bununla birlikte mortalite ve YBU yatis1 yordayan faktorlerin klinik pratikte kullanimi fayda
saglayabilir.

Anahtar kelimeler: Antibiyotik; COVID-19; yogun bakim {initesi; mortalite.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19), which has
caused the deaths of millions of people since the day it was
identified, was removed as an international health
emergency by the World Health Organization (WHO) on
5 May 2023. Although the disease is not an emergency, the
whole world is still experiencing the effects of the
pandemic, both in health systems and economically. In
the process, health systems have been put under
unprecedented stress and have been experimenting with
non-evidence-based practices. Since 2019, much literature
has been published on COVID-19, including treatment
protocols. Antimicrobial drugs were frequently used for
anti-inflammatory effects and to treat secondary bacterial
infections. The new guidelines do not recommend
antibacterial agents for COVID-19 treatment unless there
is strong evidence of super-infection or co-infection (1).
However, in clinical practice, antibacterial drugs are still
used in COVID-19 cases (1). As the rate of antibiotic use
in COVID-19 patients has increased, studies on the
collateral effects of this practice on the health system,
especially antimicrobial resistance, have started to be
published (2-4). Unnecessary antibiotic use was observed
in many patients (5,6). Despite these publications, still
some clinicians have started antibiotics in the treatment of
COVID-19. The fact that super-infection and worsening of
the course of COVID-19 show similar clinical and
laboratory findings and the lack of tests that can be used in
differential diagnosis leads many physicians to unnecessary
antibiotic use. Elevated C-reactive protein (CRP) and
procalcitonin (PCT) levels, which are frequently used in
follow-up, are known to be predictive of bacterial infection
rather than viral infection in clinical practice, but both tests
can reach high levels in COVID-19 patients. Especially
high CRP in COVID-19 patients may be misleading for
antibiotic use (7). This study aimed to determine the
characteristics of antibiotic use in COVID-19 patients and
to investigate the effect of antibiotic use on intensive care
unit (ICU) admission and mortality, which has a high rate
of antibiotic use.

MATERIAL AND METHODS

The study was designed as a retrospective, cross-sectional

study. The medical records of patients aged 18 years and

older who tested positive for severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) polymerase chain

reaction (PCR) and had signs of COVID-19 infection (fever,

fatigue, dyspnea, cough, digestive symptoms) and were

followed up in the service between 01.04.2021 and

01.03.2022 in the 370-bed Fatsa State Hospital, a

secondary care hospital, were retrospectively scanned

from the hospital information system. The inclusion and

exclusion criteria for the study were as follows.

Inclusion criteria:

- 18 years of age or older

- Positive SARS-CoV-2 PCR test

- To be followed up in the pandemic service

Exclusion criteria:

- COVID-19 patients hospitalized in ICU

- Patients admitted to the ward after ICU follow-up

- Patients discharged within the first 24 hours of
admission

- Patients with incomplete treatment and clinical
information in the epicrisis

Duzce Med J, 2025;27(1)
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According to the information obtained from the records
and patient files, the patients were analyzed in two groups:
patients who received antibiotics and patients who did not
receive antibiotics. In patients requiring ICU, only the
treatments and cultures administered in the ward were
evaluated. The culture and blood values of the patients
who were transferred to the ICU after service follow-up
were not analyzed in the study. Since the primary outcome
was determined as ICU requirement and mortality, only
the pre-1CU processes of the patients were analyzed after
transfer to the ICU. Mortality was evaluated as all causes
of mortality regardless of ward and ICU.

Demographic information, comorbidities, treatments
received, whether the patients received pulse steroid
treatment during hospitalization (pulse steroid defined as
methylprednisolone 250 mg or more at least once during
hospitalization), duration of hospitalization, duration of
antibiotic treatment, culture results if any, and clinical
results were recorded. White blood cell (WBC),
lymphocyte, platelet, PCT, CRP, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
ferritin, D-dimer values (taken during the first 48 hours of
admission) were recorded. To evaluate CRP dynamics in
the antibiotic and non-antibiotic group, patients’ CRP
values at 48-72 hours, on the 7% day of admission, and the
last CRP value analyzed (before discharge, before ICU
admission, or as the last value before mortality for cases
with a mortal course during service follow-up) were noted.
The first 28-day mortality in the service or ICU was
analyzed. The duration of antibiotic use was recorded as
the total duration of antibiotic use (e.qg., for a patient who
received ceftriaxone for 3 days and moxifloxacin for 2
days, the duration of antibiotic use was 5 days).

A power analysis was conducted using G*Power v.3.1.
The study's power was calculated to be 98.9% for an
independent samples t-test, conducted post hoc, with an
effect size of 0.5, a type-1 error (o) level of 0.05, and
sample sizes of 212 in the antibiotic-using group and 112
in the non-using group (8).

The study was conducted by the Declaration of Helsinki.
Approval for the study was received from the Ordu
University Ethics Committee (27.10.2022, 21/235).
Statistical Analysis

Data were analyzed using IBM SPSS Statistics for
Windows, v.20.0. Descriptive statistics were presented as
frequency, percentage, mean, standard deviation, median,
quartile, minimum, and maximum values. The conformity
of the variables to the normal distribution was evaluated
by visual (histogram and probability graphs) and analytical
methods (Kolmogorov-Smirnov and Shapiro-Wilk tests).
Group comparisons were done with an independent
samples t-test when data were distributed normally and a
Mann-Whitney U test when data were non-normally
distributed. The chi-square test or Fisher's exact test was
used for categorical variables. A multivariable logistic
regression model was used to assess independent variables.
In logistic regression analysis, two different models were
created by considering the need for ICU and death as the
dependent variables. The multivariate model included
variables found to be statistically significant in univariate
analyses and known to be related to mortality and ICU
admission. Final models were computed with the enter
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procedure. Clinically relevant variables and those with
p<0.05 were incorporated through a backward step-wise
approach. The Hosmer-Lemeshow test was applied to
evaluate the goodness of fit of the model. The results were
evaluated within a 95% confidence interval and the
statistical significance level was accepted as p<0.05.

RESULTS

A total of 324 COVID-19 patients, 172 (53.1%) male and
152 (46.9%) female, were included in the study. Of the
patients, 212 (65.4%) received antibiotic treatment. The
mean age was 65.14+15.91 years in the antibiotic-using
group and 62.99+14.98 years in the non-using group.
Mean age (p=0.239) and gender (p=0.565) were not found
statistically significantly different between the two groups.
Hospitalization longer than one week (p<0.001), pulse
steroid use (p=0.011), ICU admission (p=0.002), and
mortality (p<0.001) were found statistically significantly
higher in the group receiving antibiotics than in the group

Table 1. Comparison of cases according to antibiotic use

Antibiotic Use in COVID-19 Patients

non-using. Demographic and clinical data of the patients
and characteristics of the antibiotic-using and non-using
groups were presented in Table 1.

When the cases were evaluated in terms of comorbidity,
there was no difference between the two groups (p=0.559).
There were patients with more than one comorbid disease.
Hypertension 156 (48.1%), diabetes mellitus 76 (23.5%),
and chronic obstructive pulmonary disease 67 (20.7%)
were the most common comorbidities (Table 2).

When the laboratory parameters of the cases were
compared according to the antibiotic use, it was found
that CRP (p<0.001), PCT (p=0.001), ferritin (p=0.017),
and D-dimer (p=0.018) values obtained at admission and
48-72 hours were statistically significantly higher in the
group receiving antibiotics. No significant difference was
observed in terms of other parameters (Table 3).

When the antibiotics used by the patients were analyzed, it
was found that 212 (65.4%) patients used at least one
antibiotic and 112 (34.6%) patients had received combined

Using (n=212) Non-using (n=112) p
Age (year), mean+SD 65.14£15.91 62.99+14.98 0.239
Age group, n (%)
23-39 years 14 (6.6) 8(7.1)
40-59 years 56 (26.4) 38 (33.9) 0.333
>60 years 142 (67.0) 66 (59.0)
Gender, n (%)

Male 115 (54.2) 57 (50.9) 0.565
Female 97 (45.8) 55 (49.1) '
Duration of hospitalization (day), median (Q1-Q3) [min-max] 7 (5-10) [1-30] 5 (3-6) [1-21] <0.001
Hospitalization >1 week, n (%) 116 (54.7) 27 (24.1) <0.001
Comorbidity, n (%) 156 (73.6) 79 (70.5) 0.559
ICU admission, n (%) 37 (17.5) 6 (5.4) 0.002
Pulse steroid treatment, n (%) 61 (28.8) 18 (16.1) 0.011
Presence of culture, n (%) 73 (34.4) 9 (8.0) <0.001
Blood culture positivity* (n=39 vs n=2), n (%) 6 (20.7) 1 (50.0) 0.406
Urine culture positivity* (n=58 vs n=6), n (%) 16 (27.6) 0 (0.0) 0.323
Mortality, n (%) 37 (17.4) 4 (3.6) <0.001

SD: standard deviation, ICU: intensive care unit, *: there were 29 antibiotic-using and 2 non-using patients with blood culture, and 58 antibiotic-using and 6 non-using
patients with urine culture, percentages for these comparisons were calculated accordingly

antibiotic treatment. The median duration of antibiotic use
was 6 (interquartile range, 4-9) days. The most commonly
used antibiotics were ceftriaxone at 112 (34.6%) patients
and moxifloxacin at 93 (28.7%) patients (Table 4).

When the factors affecting the need for ICU were
analyzed, logistic regression analysis revealed that being
over 60 years of age (p=0.002), hospitalization duration of
more than one week (p<0.001), pulse steroid use (p<0.001),
and history of antibiotic use (p=0.002) were independent
risk factors (Table 5).

When the associated factors with mortality were analyzed
by logistic regression analysis, again being over 60 years
of age (p=0.002), hospitalization duration of more than one
week (p=0.002), pulse steroid use (p<0.001), and history
of antibiotic use (p=0.001) were detected as the factors
affecting mortality (Table 6).

Duzce Med J, 2025;27(1)

Table 2. Comorbid diseases of the cases

Comorbidity n (%)
Hypertension 156 (48.1)
Diabetes Mellitus 76 (23.5)
Chronic Obstructive Pulmonary Disease 67 (20.7)
Coronary Artery Disease 51 (15.7)
Congestive Heart Failure 23 (7.1)
Cerebrovascular Disease 16 (4.9)
Alzheimer 8 (2.5)
Malignancy 6 (1.9)
Epilepsy 5(1.5)
Thyroid Disease 4(1.2)
Other Disease 39 (12.0)
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Table 3. Comparison of laboratory parameters according to antibiotic treatment status

Using (n=212) Non-using (n=112) p

WBC (ul) 7445 (5498-10445) [770-29050] 6800 (5500-8990) [1100-84700] 0.127
Lymphocyte (ul) 1075 (728-1423) [200-22300] 1130 (810-1610) [220-3320] 0.072
Platelet (ul) 198500 (158000-239250) [11000-498000] 196000 (161000-249000) [59000-465000] 0.584
CRP (mg/L)

First arrival 108 (53-171) [2-370] 68 (31-113) [0-239] <0.001

Third day 66 (35-128) [0-320] 29 (13-59) [0-142] <0.001

Seventh day 17 (6-49) [1-233] 5 (2-16) [1-179] 0.006

At discharge 11 (5-36) [0-219] 8 (3-25) [0-343] 0.052
PCT (ng/L) 0.11 (0.06-0.24) [0.01-4.21] 0.06 (0.04-0.14) [0.01-1.62] 0.001
AST (IU/L) 29 (20-41) [8-165] 26 (21-38) [11-133] 0.579
ALT (IU/L) 20 (13-32) [5-201] 20 (15-29) [6-440] 0.771
Ferritin (ng/mL) 331 (166-607) [16-3140] 252 (133-454) [8-1863] 0.017
D-dimer (ng/mL) 548 (293-1067) [84-8858] 420 (256-803) [70-6331] 0.018

WABC: white blood cell, CRP: C-reactive protein, PCT: procalcitonin, AST: aspartate aminotransferase, ALT: alanine aminotransferase, descriptive statistics were presented

as median (25"-75" percentile) [minimum-maximum]

Table 4. Antibiotics used in order of frequency

Table 5. Associated factors with ICU admission

Antibiotics n (%) Independent Variables p OR %95 ClI

Ceftriaxone 112 (34.6) Age >60 years 0.002 5989 1.961-18.286

Moxifloxacin 93 (28.7) Hospitalization >1 week <0.001 5.075 2.130-12.091

Piperacillin-tazobactam 55 (17.0) Pulse steroid treatment <0.001 6.954 3.086-15.672

Levofloxacin 27 (8.3) Antibiotic treatment 0.002 4.650 1.748-12.372

Meropenem 21 (6.5) ICU: intensive care unit, OR: odds ratio, Cl: confidence interval

Ertapenem 16 (4.9)

Clarithromycin 9(2.8)

Amikacin 6(1.9) Table 6. Associated factors with mortality

Vancomycin 5 (1.5) Independent Variables p OR 995 ClI

Azithromycin 5(15) Age >60 years 0.002 5507 1.822-16.643

Ciprofloxacin 5(1.2) Hospitalization >1 week ~ 0.002  3.554  1.569 - 8.051

Metronidazole 4(1.2) Pulse steroid treatment ~ <0.001 4.449  2.014 - 9.829

Other 8 (2.5) Antibiotic treatment 0.001 6.728 2.215-20.434
OR: odds ratio, Cl: confidence interval

DISCUSSION

This study found that mortality did not increase significantly
in the group that did not receive antibiotics, but on the
contrary, antibiotic treatment was found to be 6.728 and
4.650 times higher in terms of mortality and ICU
admission in logistic regression, respectively. In addition
to antibiotic use, pulse steroid use, being 60 years of age
or older, and long hospital stays were found to be other
factors predicting mortality and ICU admission. Although
antibiotics were used in 65.4% (n=212) of all patients,
culture was ordered in only 25.3% (n=82) of patients, and
growth was detected in any culture in only 10.4% (n=22)
of the patients who received antibiotics. These data show
that there is a high rate of inappropriate antibiotic use in
COVID-19 management in the study center.

Similar to this study, studies have shown that antibiotic use
in COVID-19 patients is associated with the severity of the
disease and the need for mechanical ventilation (9-11). In
a study to detect co-infections during hospital admission
for COVID-19, co-infections were detected in less than 4%
of cases. In addition, the efficiency of routine diagnostic
testing for pneumonia was low (12). In the present study,
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the causative agent was detected in the culture of only
10.4% (n=22) of the patients in total (at the time of
admission or during hospitalization). This is an indication
of how low the co-infection rate is in the first presentation
of COVID-19 cases. Although ICU patients were excluded
from the study, it was observed that broad-spectrum
antibiotics such as piperacillin-tazobactam, meropenem,
and vancomycin were preferred at a considerable rate. In
addition, while atypical agents were expected less frequently,
it was observed that quinolone group antibiotics were
preferred at a high rate in the study center despite the
cautions regarding the use of quinolone group antibiotics.
In the COVID-19 patient group, the lack of a clear
indicator to differentiate between bacterial co-infection or
super-infection and deterioration due to COVID-19 results
in a high rate of unnecessary antibiotic use. Incorrect or
unnecessary use of antibiotics may have multifaceted
results. One of these is the increasing antimicrobial
resistance (13-17). Another result is the worsening of the
clinic in COVID-19 patients due to the disruption of the
microbiota (18).
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The long duration of hospitalization, pulse steroid
treatment, and high baseline CRP and PCT values, which
were found to be significantly higher in the group
receiving antibiotics, are factors defined in COVID-19
patients in terms of ICU admission and mortality.
Therefore, mortality was found to be high in this group.
The estimated relative risk of antibiotic treatment in
patients with a mortal course was high. This may be due to
clinicians' suspicion of bacterial infection secondary to
COVID-19 when initiating antibiotics or empirical
antibiotic initiation practices in patients with severe
progression. During the pandemic, due to the disease
burden, many branch physicians have followed primary
COVID-19 patients, and the principles and perspectives of
antibiotic use of each branch physician have been
different. This makes the reasons and patterns of antibiotic
use in COVID-19 patients heterogeneous and makes it
difficult to distinguish whether the high use of antibiotics
in the mortality group is due to inappropriate use or a
genuine need for antibiotics. The independent impact of
antibiotic-related adverse effects on mortality is difficult
to determine in this complicated patient group. In
COVID-19 patients, elevated levels of PCT as well as CRP
without bacterial infection have been reported with clinical
severe progression (19). CRP and PCT may contribute to
the diagnosis of lower respiratory tract infection, but it is
not possible to make a definitive distinction (20,21).
Because inflammation, which is a natural consequence of
COVID-19 pathophysiology, can also increase acute phase
parameters (22). Nevertheless, studies show that PCT
values are particularly useful in shortening the duration of
antibiotic treatment (23-25). A cohort study showed that
PCT-guided antibiotic prescription reduced antibiotic
prescription rates in hospitalized COVID-19 patients (26).
However, baseline and third-day CRP were higher in the
group receiving antibiotics, while there was no difference
in seventh-day and discharge CRP. This supports the
inappropriateness of antibiotic treatment based on CRP.
The similar decline in seventh-day and discharge CRP in
the group not receiving antibiotics indicates that elevated
CRP should not be an indication for antibiotics alone in
COVID-19 patients. It is noticeable that antibiotic use is
higher in the group with high acute-phase reactants.
However, as can be understood from the studies, acute phase
reactants alone are insufficient to diagnose co-infection or
super-infection in COVID-19 cases (19-22). Studies are
showing that CRP trajectory in the first week of hospitalization
is an important factor in predicting microbiology culture
positivity and outcome in patients hospitalized with
COVID-19 (27). For the prediction of clinical outcome and
co-infection, the dynamism of CRP over time as well as
the absolute value of CRP should be interpreted.

The main limitation of the study is that the results represent
more regional data since it is a single-centered study.
Secondly, the study was limited to 324 cases so this reduces
the strength of the study. Thirdly, patients hospitalized in
the ICU and pediatric age group were not included.

CONCLUSION

As a result, the present study center was found to have a
very high rate of antibiotic use during the COVID-19
pandemic. Although the number of cultures gained was
relatively small, it was observed that a considerable
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amount of broad-spectrum antibiotics were used. Since the
COVID-19 pandemic has been managed according to the
guidelines of the Ministry of Health in Tirkiye from the
beginning, we guess that similar results will be obtained
throughout the country. The high acute phase values in
COVID-19 cases contributed to this result. The lack of a
definitive algorithm for antibiotic management in
COVID-19 cases and the limitations in microbiologic
detection of bacterial pneumonia agents are other factors
of this problem. It is possible to predict that the rates of
antibiotic use will be much higher in retrospective studies,
especially in cases followed up in ICUs in Tiirkiye. During
the COVID-19 pandemic, many negative consequences of
high antibiotic use in this patient group in Tiirkiye,
especially resistance, will be revealed more clearly in the
future. These effects should be investigated with further
analyses such as antibiotic resistance, side effects of
treatments, and cost. In addition, the principles of
antibiotic use in the COVID-19 patient group should be
presented in a way to guide clinicians with clear and
applicable recommendation articles based on Tiirkiye.
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Determination of Serum Interleukin-36 Alpha, Beta, Gamma, and Interleukin-17
Levels in Patients with Non-Hodgkin Lymphoma

Non-Hodgkin Lenfoma’li Hastalarin Serum Interlokin-36 Alfa, Beta, Gamma ve Interlokin-17
Diizeylerinin Belirlenmesi

Hatice TERZI! ABSTRACT
0000-0003-3471-1305 Aim: Non-Hodgkin lymphoma (NHL) is a diverse group of hematologic cancers characterized
Ecem DEMIR?

by uncontrolled proliferation of lymphoid cells. This study aimed to evaluate the relationship

00%03001'971(‘;'(9;672 3 between serum concentrations of interleukin-36 alpha (IL-36a), interleukin-36 beta (IL-36p),
Higgoo-olggﬂsl;sB-o%é\l interleukin-36 gamma (IL-36y), and interleukin-17 (IL-17), which play an important role in
Mehmet SENCAN! the immune system, in NHL patients and whether these cytokines can serve as potential

1 ARG biomarkers or therapeutic targets for NHL.

0000-0002-1459-3906 Material and Methods: A total of 88 individuals, including 55 NHL patients diagnosed and
followed up in the Department of Hematology, Sivas Cumhuriyet University Medical Faculty,
and 33 healthy controls, were included in the study. Blood samples were collected from
patients at the time of diagnosis and from individuals in the control group for hemogram and
biochemistry tests and serum IL-17, IL-36a, IL-36[3, and IL-36y levels. Patients were divided
into three groups, complete remission (CR), partial remission (PR), and progression according
to interim positron emission tomography/computed tomography (PET/CT) results.
Results: Serum IL-360 (p<0.001), IL-36B (p=0.022), IL-36y (p<0.001), and IL-17 (p<0.001)

1Department of Internal Medicine, concentrations were statistically significantly higher in NHL patients compared to healthy
Division of Hematology, Sivas controls. Although IL-17, IL-36a, IL-36B, and IL-36y levels were lower in patients with
Cumhuriyet University Faculty of progression compared to the CR and PR groups, these differences were not statistically
Medicine, Sivas, Tiirkiye significant (p=0.065, p=0.186, p=0.151, and p=0.065, respectively).

Conclusion: These cytokines may influence the etiopathogenesis and even the progression of
NHL. However, since NHL constitutes a highly heterogeneous disease group, more extensive
in-vivo and in-vitro studies are needed.

*Department of Medical Biochemistry, Keywords: Interleukin; non-Hodgkin lymphoma; therapeutic targets.
Sivas Cumhuriyet University Faculty

of Medicine, Sivas, Tiirkiye

2Department of Statistics, Sivas
Cumhuriyet University, Sivas, Tiirkiye

(074

Amag: Non-Hodgkin lenfoma (NHL), lenfoid hiicrelerin kontrolsiiz ¢ogalmasiyla tanimlanan
cesitli bir hematolojik kanser grubudur. Bu c¢alismanin amaci, NHL hastalarinda immiin
sistemde onemli bir rol oynayan interlokin-36 alfa (IL-36a), interlokin-36 beta (IL-36p),
interl6kin-36 gama (IL-36y) ve interlokin-17 (IL-17) serum konsantrasyonlar: arasmdaki
iliskiyi ve bu sitokinlerin NHL icin potansiyel biyobelirtegler veya tedavi hedefleri olarak
hizmet edip edemeyecegini degerlendirmektir.

Gerec ve Yontemler: Calismaya Sivas Cumbhuriyet Universitesi Tip Fakiiltesi Hematoloji
boliimiinde tan1 almig ve takip edilmis 55 NHL hastasi ve 33 saglikli kontrol olmak iizere
toplam 88 birey dahil edildi. Hastalarin tan1 anindaki ve kontrol grubundaki bireylerin
hemogram ve biyokimya tetkikleri ile serum IL-17, IL-360, IL-36f ve IL-36y diizeylerinin
calisilmasi i¢in kan 6rnekleri alindi. Hastalar interim pozitron emisyon tomografisi/bilgisayarli
tomografi (PET/BT) sonuglarina gore komplet remisyon (CR), parsiyel remisyon (PR) ve

Corresponding Author progresyon olmak tizere ii¢ gruba ayrildi.

Sorumlu Yazar Bulgular: Serum IL-36a (p<0,001), IL-36p (p=0,022), IL-36y (p<0,001) ve IL-17 (p<0,001)
Hatice TERZI konsantrasyonlar1t NHL hastalarinda saglikli kontrollere kiyasla istatistiksel olarak anlamli
dr.terzi@hotmail.com derecede daha yiiksekti. Progresyon gosteren hastalarda IL-17, IL-36a, IL-36fB ve IL-36y

diizeyleri CR ve PR gruplarma gére daha diisiik olmasina ragmen bu farklar istatistiksel olarak
anlamli degildi (sirastyla p=0,065; p=0,186; p=0,151 ve p=0,065).
Received / Gelis Tarihi : 24.09.2024 Sonug: Bu sitokinler NHL’nin etyopatogenezi ve hatta progresyonu iizerinde etkili olabilir.
Accepted / Kabul Tarihi : 28.01.2025 Ancak, NHL oldukga heterojen bir hastalik grubunu olusturdugundan, daha genis kapsamli
Available Online / in-vivo Ve in-vitro calismalara ihtiya¢ vardir.
Cevrimigi Yaym Tarihi : 24.02.2025 Anahtar kelimeler: Interlokin; non-Hodgkin lenfoma; terapotik hedefler.
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INTRODUCTION

Non-Hodgkin lymphoma (NHL) encompasses diverse
malignancies originating from lymphoid tissues. NHL are
among the most prevalent cancers worldwide and
represent a broad spectrum of malignancies derived from
lymphoid tissue. This category encompasses around 60
subtypes with clinical and biological profiles (1). While
precise classification of NHL subtypes is essential for
accurate diagnosis and effective treatment, conducting risk
assessments specific to each subtype poses significant
difficulties. These challenges arise from the limited
number of cases and the relative rarity of each subtype (2).
Interleukin-36 (IL-36) is a pro-inflammatory cytokine that
is part of the interleukin-1 (IL-1) superfamily, consisting
of three agonists (IL-36a, IL-36fB, IL-36y) and one
antagonist (IL-36Ra) (3). IL-36 activates the MAPK and
NF-kB pathways, essential in innate and adaptive
immunity. It is primarily expressed at barrier sites such as
the bronchial, intestinal, and dermal epithelium, linking
innate and adaptive immune responses. 1L-36 is associated
with various inflammatory conditions and cancer (4).
Interleukin-17 (IL-17), mainly produced by Th17 cells,
has a multifaceted role in cancer progression. It supports
tumor growth by enhancing angiogenesis, cell
proliferation, and metastasis and inhibiting apoptosis (5).
The network of cytokines plays a crucial role in the
development and progression of these lymphomas by
affecting both tumor growth and the immune response (6).
Cytokines such as IL-36a, IL-36p, IL-36y, and IL-17 are
known to be involved in various inflammatory and
autoimmune disorders (7). Despite their significant roles
in these conditions, their specific contributions to NHL are
poorly understood. This study sought to evaluate the serum
levels of IL-36a, IL-36pB, IL-36y, and IL-17 in patients
with NHL and to investigate their potential associations
with disease features and outcomes.

MATERIAL AND METHODS

The single-center, multidisciplinary, and cross-sectional
study project was conducted by the Department of Internal
Medicine, Hematology Division, and the Department of
Medical Biochemistry at Sivas Cumhuriyet University
Medical Faculty Hospital, and commenced following the
approval from Sivas Cumhuriyet University Clinical
Research Ethics Committee, dated September 12, 2023,
with decision number 2023-09/03.

Study Groups

Patients diagnosed with NHL according to the 2016/2022
lymphoma classification of the World Health
Organization (WHO), and histopathologically confirmed,
not receiving any NHL treatment, aged 18 years and over
and admitted to the Hematology Department of the Sivas
Cumhuriyet University, Faculty of Medicine Hospital
between February 6, 2022, and February 6, 2023, were
included in the study as the patient group. As the control
group, healthy individuals had a similar mean age to the
patient group were included. Patients with known
additional hematological malignancies and healthy
individuals with any hematological or rheumatological
diseases were excluded from the study. Also, the presence
of any known acute and/or chronic disease, having a solid
and/or hematological malignancy, regular medication use,
pregnancy, breastfeeding, or smoking were additional
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exclusion criteria for healthy individuals. Based on this
framework, adjustments to the number of patients and
healthy individuals included in the study were deemed
necessary. For the sample calculation, it was decided to
include 56 patients in the NHL group and 34 people in the
control group by taking 0=0.05, p=0.10, (1-p)=0.90, and
R=1.62 with the Epi Info 7.2.6.0 program. One person in
each patient and control group was excluded from the
study due to insufficient data. The study finally involved
88 participants, comprising 55 individuals with NHL and
33 healthy controls. These participants' comprehensive
clinical, laboratory, and imaging data were retrieved from
patient records. For NHL patients, venous blood samples
were collected at the time of diagnosis before initiating
any treatment. Serum levels of IL-36a, IL-36B, IL-36y,
and IL-17 were quantified in both NHL patient and healthy
control groups. The clinical data and performance status of
the patients at the time of diagnosis were recorded during
their first admission, and the routine biochemical test
results were accessed through the automation system.
Patients diagnosed with NHL were grouped according to
histologic subtypes. Patients were classified according to
the Ann-Arbor staging system based on positron emission
tomography/computed tomography (PET/CT) imaging at
the time of diagnosis. According to the treatment response
evaluation based on the Lugano revised response criteria,
patients were categorized into three groups, complete
response (CR), partial response (PR), and progression at
the interim PET evaluation.

Sample Collection and Cytokine Measurement
Peripheral blood was collected from new patients
diagnosed with NHL and healthy controls. Blood samples
were drawn into appropriate tubes for measuring IL-360,
IL-36B, IL-36y, IL-17 levels, and other laboratory
parameters. The collected blood samples were centrifuged
at 4000 G for 10 minutes and stored at -80°C in Eppendorf
tubes for the measurement of 1L-36a, IL-36B, IL-36y, and
IL-17, SunRed brand enzyme-linked immunosorbent
assay (ELISA) kits were used.

Statistical Analysis

Data analysis was conducted using IBM SPSS v.26.0, with
a confidence level set at 95%. The Kolmogorov-Smirnov
test assessed whether the data followed a normal
distribution. Since the data were not normally distributed,
the Mann-Whitney U test was used for two-group
comparisons, and the Kruskal-Wallis H test was used for
more than two-group comparisons. Descriptive statistics
of the median, 25"-75" percentiles, minimum, and
maximum were calculated for the measurements and
frequency and percentages for the categorical variables.

RESULTS

Demographic and Clinical Characteristics

Out of 55 NHL patients, 22 (40%) were female, 33 (60%)
were male. There were 33 individuals in the control group,
of whom 20 (60.6%) were female and 13 (39.4%) were
male. The median age of individuals in the patient group
was 65 (range, 34-88) years, while the median age in the
control group was 53 (range, 37-63) years. While the
gender was homogeneously distributed between the two
groups (p=0.052), the patient group with NHL had a higher
median age (p=0.001).
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Out of 55 patients histologically diagnosed with NHL,
except for one with NK/T-cell lymphoma, the rest were
classified as B-cell lymphomas according to cell origin.
Among these, diffuse large B-cell lymphoma (DLBCL)
was the most common histopathologic subtype with a
frequency of 65.5% (n=36). The other histological subtypes
were follicular lymphoma (FL) with 16.4% (n=9), mantle
cell lymphoma (MCL) with 12.7% (n=7), and marginal
zone lymphoma (MZL) with 3.6% (n=2). The distribution
of histopathological subtypes and the treatment protocols
applied to the patients were presented in Table 1.
Comparison of Cytokine Levels and Laboratory
Parameters

Serum levels of the IL-36a (p<0.001), IL-36f (p=0.022),
IL-36y (p<0.001), and IL-17 (p<0.001) were significantly
elevated in NHL patients compared to healthy controls. In
comparing laboratory data between the patient and control
groups, statistically significant differences were observed
in white blood cells (p=0.005), neutrophils (p=0.001),
lymphocytes (p=0.002), monocytes (p=0.001), and
hemoglobin (p=0.015) values. The comparison results of
the hemogram parameters and IL-17, IL-36a, IL-36p, and
IL-36y levels between the patient and control groups were
presented in Table 2. In the patient group, when laboratory
parameters and 1L-17, IL-36a, IL-36f, and IL-36y levels
were compared by gender, statistically significant
differences were found between the two groups for
hemoglobin and creatinine values. Hemoglobin (p=0.001),
and creatinine (p=0.009) levels were significantly higher
in males compared to females (Table 3).

Comparison Based on Clinical Parameters

Patients were classified into three groups (CR, PR, and
progression) based on the interim PET results during the
first-line treatment. There were 40 patients in the CR
group, 10 in the PR group, and 5 in the progression group.
When IL-17, IL-36a, IL-36B, and IL-36y levels were
compared according to the interim PET/CT responses, no
statistically significant differences were observed. The
comparison of interleukin levels according to interim
PET/CT results was presented in Table 4. The levels of
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IL-17 and IL-36y were found to be considerably lower in
the progression group compared to the other groups,
however, this difference was not statistically significant.

Table 1. Histopathologic subtypes of patients and treatments

n=55
Subtype, n (%)
DLBCL 36 (65.5)
FL 9(16.4)
MCL 7(12.7)
MZL 2(3.6)
TL 1(1.8)
First-Line Treatment, n (%)
CHOP 1(1.8)
R-Bendamustine 3(5.5)
R-Bendamustine + Rituximab Maintenance 5(9.1)
R-CHOP 22 (40.0)
R-CHOP + Intrathecal Methotrexate 9 (16.4)
R-CHOP/R-DHAP Protocol 6 (10.9)
R-CNOP 2(3.6)
R-CVP + Rituximab Maintenance Therapy 1(1.8)
R-EPOCH 1(1.8)
R-EPOCH + Intrathecal Methotrexate 1(1.8)
R-MiniCHOP 3(5.5)
No Therapy 1(1.8)
Second-Line Treatment, n (%)
DeAngelis protocol (8) 1(1.8)
R-DHAP 4 (7.3)
R-ICE 2(3.6)
Rituximab-Ibrutinib 2 (3.6)
R-VCD 1(1.8)
Radiotherapy 1(1.8)
Third-Line Treatment, n (%)
Autologous Stem Cell Transplant 7(12.7)
Lenalidomide + Obinutuzumab 1(1.8)
Fourth-Line and Beyond Treatment, n (%)
R-GemOx 1(1.8)

DLBCL: diffuse large B-cell lymphoma, FL: follicular lymphoma, MCL: mantle cell
lymphoma, MZL: marginal zone lymphoma, TL: T-cell lymphoma, R: rituximab, CHOP:
cyclophosphamide-  doxorubicin- vincristine- prednisone, DHAP: dexamethasone-
cytarabine- cisplatin, CNOP: cyclophosphamide- mitoxantrone- vincristine- prednisone,
CVP: cyclophosphamide- vincristine- prednisone, EPOCH: etoposide- prednisone-
vincristine- cyclophosphamide- doxorubicin, ICE: ifosfamide- carboplatin- etoposide, VCD:
bortezomib- cyclophosphamide- dexamethasone, GemOx: gemcitabine- oxaliplatin

Table 2. Comparison of hemogram and interleukin values between patient and healthy groups

Patient (n=55)

WBC (10%/L) 7.78 (6.29-10.30) [1.87-34.65]
Neu (109/L) 5.39 (3.50-6.84) [0.04-13.11]
Lymp (109/L) 1.48 (0.99-2.25) [0.31-20.44]
Mono (109/L) 0.57 (0.46-0.92) [0.10-1.77]
Hgb (g/dL) 13.2 (11.5-14.6) [7.2-17.0]
PIt (10%/L) 255 (200-327) [34-829]
Cre (mg/dL) 0.83 (0.67-1.03) [0.31-6.88]
LDH (U/L) 240 (185-343) [128-1340]
IL-17 (pg/ml) 111.5 (90.4-138.4) [15.0-819.1]

IL-36a (ng/L)
IL-36p (ng/L)
IL-36y (ng/L)
Age (year)

6.27 (4.94-8.22) [0.17-39.32]
5.57 (4.63-6.80) [0.23-34.51]
65 (52-73) [34-88]

11.99 (9.18-15.77) [0.27-57.77]

Control (n=33) p
6.45 (5.43-7.41) [3.81-10.59] 0.005
3.46 (2.69-4.60) [2.02-6.82] 0.001
2.16 (1.73-2.58) [1.15-3.08] 0.002
0.47 (0.36-0.56) [0.30-0.83] 0.001
13.9 (13.1-15.4) [10.4-16.7] 0.015
291 (245-342) [188-409] 0.115
0.76 (0.64-0.88) [0.50-1.16] 0.063
167 (153-181) [124-242] <0.001
298.3 (136.6-607.7) [70.9-1000.0] <0.001
23.44 (12.57-41.31) [5.36-73.97] <0.001
14.57 (5.42-27.33) [1.92-55.50] 0.022
12.97 (7.31-36.77) [4.30-59.94] <0.001
53 (51-57) [37-63] 0.001

WABC: white blood cell, Neu: neutrophil, Lymp: lymphocyte, Mono: monocyte, Hgb: hemoglobin, Plt: platelet, Cre: creatinine, LDH: lactate dehydrogenase, IL: interleukin,
IL-17: interleukin-17, IL-36a.: interleukin-36 alpha, IL-36B: interleukin-36 beta, IL-36y: interleukin-36 gamma
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Table 3. Comparison of hemogram and interleukin values between genders in the patient group

Female (n=22) Male (n=33) p
WBC (109/L) 8.30 (6.23-11.20) [1.87-16.64] 7.58 (6.22-9.36) [3.22-34.65] 0.437
Neu (10%L) 5.56 (3.22-8.01) [0.04-10.31] 5.30 (3.69-6.35) [2.38-13.11] 0.618
Lymp (10%L) 1.47 (0.66-2.99) [0.31-7.90] 1.51 (1.07-2.09) [0.53-20.44] 0.979
Mono (10%L) 0.52 (0.45-0.74) [0.10-1.77] 0.63 (0.50-0.95) [0.28-1.72] 0.120
Hgb (g/dL) 11.7 (10.0-13.8) [7.2-15.2] 13.8 (12.5-15.3) [8.0-17.0] 0.001
PIt (10°/L) 274 (201-430) [34-543] 245 (192-293) [48-829] 0.213
Cre (mg/dL) 0.64 (0.55-0.96) [0.31-6.88] 0.92 (0.78-1.10) [0.54-1.44] 0.009
LDH (U/L) 259 (183-478) [128-926] 240 (191-326) [143-1340] 0.594
IL-17 (pg/ml) 114.5 (93.2-267.3) [57.4-819.1] 106.5 (84.3-130.4) [15.0-794.1] 0.192
IL-36a (ng/L) 11.87 (10.16-27.95) [6.84-57.77] 12.16 (8.97-15.27) [0.27-53.24] 0.303
IL-36p (ng/L) 6.12 (4.92-13.89) [3.13-37.98] 6.27 (4.74-8.03) [0.17-39.32] 0.718
IL-36y (ng/L) 5.85 (4.57-11.89) [3.05-34.51] 5.37 (4.47-6.57) [0.23-32.57] 0.405
Age (year) 57 (47-71) [34-86] 63 (56-73) [34-88] 0.191

WABC: white blood cell, Neu: neutrophil, Lymp: lymphocyte, Mono: monocyte, Hgb: hemoglobin, Plt: platelet, Cre: creatinine, LDH: lactate dehydrogenase, IL: interleukin,
IL-17: interleukin-17, IL-36a: interleukin-36 alpha, 1L-36p: interleukin-36 beta, IL-36y: interleukin-36 gamma

Table 4. Comparison of hemogram and interleukin values according to the interim PET results in the patient group

CR (n=40)

PR (n=10)

WBC (109/L)
Neu (10%L)
Lymp (10%L)
Mono (10%L)
Hgb (g/dL)
PIt (10°/L)
Cre (mg/dL)
LDH (U/L)
IL-17 (pg/ml)
IL-36a (ng/L)
IL-36p (ng/L)
IL-36y (ng/L)

7.82 (6.34-9.51) [1.87-16.55]
5.55 (3.63-6.82) [0.04-10.31]
1.44 (0.97-2.19) [0.50-7.35]
0.56 (0.46-0.81) [0.25-1.72]
12.8 (11.2-14.6) [7.2-17.0)
264 (224-341) [34-650]
0.82 (0.67-1.02) [0.31-6.88]
230 (186-337) [128-1340]
109.8 (90.4-145.8) [15.0-819.1]
12.07 (9.17-16.01) [0.27-57.77]
6.13 (4.96-8.67) [0.17-39.32]
5.73 (4.32-7.14) [0.23-34.51]

7.45 (4.98-11.02) [3.22-34.65]
3.77 (1.92-6.65) [1.38-13.11]
1.94 (1.26-4.86) [0.83-20.44]
0.61 (0.45-0.97) [0.31-1.51]

13.5 (11.7-14.3) [8.0-15.7]
174 (128-204) [49-829]
0.90 (0.74-1.08) [0.55-1.17]
263 (177-330) [143-380]

120.7 (103.3-201.9) [86.9-521.7]
14.37 (10.19-19.71) [9.08-34.25]

7.01 (5.71-11.87) [4.55-22.05]
6.27 (5.16-12.14) [4.94-15.24]

Progression (n=5) p

7.53 (6.97-13.37) [6.94-16.64]  0.812
5.42 (4.97-9.39) [4.55-9.71] 0.305
1.07 (0.36-3.91) [0.31-5.66] 0.203
0.56 (0.29-1.39) [0.10-1.77] 0.909
12.4 (10.8-15.5) [9.9-16.6] 0.940
279 (221-369) [173-411] 0.010
0.84 (0.69-2.55) [0.59-4.18] 0.842
455 (197-692) [180-926] 0.495
77.7 (60.6-107.1) [57.4-111.5]  0.065
10.33 (6.71-11.85) [6.58-12.76]  0.186
4.33 (3.02-6.55) [1.80-7.28] 0.151
4.67 (2.62-5.30) [2.20-5.72]  0.065

PET: positron emission tomography, CR: complete remission, PR: partial remission, WBC: white blood cell, Neu: neutrophil, Lymp: lymphocyte, Mono: monocyte, Hgb: hemoglobin,
Plt: platelet, Cre: creatinine, LDH: lactate dehydrogenase, IL: interleukin, IL-17: interleukin-17, IL-36a: interleukin-36 alpha, IL-36p: interleukin-36 beta, IL-36y: interleukin-36 gamma

A total of 14 patients received second-line treatment,
including 5 patients who progressed according to interim
PET/CT results and 9 patients who experienced treatment
failure based on PET/CT evaluation at the end of first-line
therapy. Following second-line treatment, 7 (12.7%) patients
underwent autologous stem cell transplantation (Table 1).
Survival Status

When evaluating NHL patients' survival status, 34 (61.8%)
were alive, while 21 (38.2%) had exitus. As of July 2024,
a reassessment of the patients revealed that out of 55
patients, 21 had deceased, while 34 were alive. It was
determined that all 34 surviving patients were in remission.
Among the deceased, 6 patients had achieved a CR
response in the interim PET evaluation. However, 1 patient
died due to pulmonary thromboembolism, 1 due to liver
failure, and 4 due to febrile neutropenia and sepsis. The
remaining 15 deceased patients were found to have died
from non-treatment-related causes such as cerebrovascular
disease, respiratory failure, myocardial infarction, and
traffic accidents.

Duzce Med J, 2025;27(1)

DISCUSSION

Non-Hodgkin lymphomas (NHLs) represent a diverse
collection of malignancies that arise from lymphoid tissue,
consisting of around 60 distinct subtypes, each exhibiting
different clinical and biological characteristics (9). NHL is
a heterogeneous group of tumors caused by the malignant
transformation of mature and immature cells of the
lymphoid  system, primarily originating from B
lymphocytes (in 85-90% of cases) and, to a lesser extent,
from T lymphocytes and natural killer (NK) cells. NHL is
an extremely heterogeneous group of diseases, with the
clinical courses and treatment responses of different
subtypes varying significantly (10).

Recent studies have explored the role of interleukins in
lymphomas and other cancers. IL-36, comprising three
subforms (o, B, y), has been implicated in chronic
inflammation and cancer, activating various immune and
non-immune cells (11). IL-36 cytokines belong to the I1L-1
family and have various roles in inflammatory diseases
and cancer. A meta-analysis indicated that elevated IL-36a.
expression correlates with improved overall survival in
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cancer patients, while the effect of IL-36y differs
depending on the type of cancer. IL-36 signaling promotes
pro-tumorigenic characteristics in colon cancer cells, and
the administration of IL-36R antagonists has been shown
to reduce tumor burden in vivo (12,13). In multiple
myeloma, serum levels of the IL-360, IL-36p, IL-36y, and
IL-17 were significantly lower in patients than in healthy
controls, suggesting a potential role in the disease's
etiopathogenesis (14). In non-small cell lung cancer, IL-36y
expression was higher in tumor tissues than adjacent
normal tissues, with elevated protein levels associated with
higher tumor grade in lung adenocarcinoma (15). IL-17
plays a crucial role in cancer progression, especially in
lung, colorectal, and breast cancers. IL-17 facilitates tumor
angiogenesis, cell proliferation, and metastasis while
suppressing apoptosis through inflammatory signaling
pathways (5,16). The role of IL-17 in cancer is
multifaceted, with some evidence indicating possible
antitumor effects during cancer therapies (17).

Among NHL patients included in the present study,
significant differences were observed in hemoglobin levels
and monocyte counts between those who survived and
those who did not. Based on existing literature, we believe
these hematological parameters may impact the prognosis
of the disease (18,19).

These findings highlight the complex roles of interleukins
in various cancers and their potential as prognostic
markers or therapeutic targets. In the present study, IL-17
and IL-36a, IL-36f, and IL-36y levels were found higher
in NHL patients compared to the control group, suggesting
that these interleukins may play a role in the
etiopathogenesis of NHL. However, during interim
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ABSTRACT

Aim: The aim of this study was to determine the frequency of Mycobacterium tuberculosis
complex (MTBC) and non-tuberculous mycobacteria (NTM) growth among mycobacterial
isolates collected over 18 years from patients suspected of having tuberculosis, and to evaluate
the resistance rates of MTBC strains to first-line anti-tuberculosis drugs.

Material and Methods: A total of 17,199 clinical specimens, sent to the Mycobacteriology
Laboratory, Department of Medical Microbiology, at Diizce University Health Application
and Research Centre between 2004 and 2021 for suspected tuberculosis, were retrospectively
analyzed in this study. To differentiate MTBC from NTM, the TBC Identification Test was
performed to detect the MPT64 antigen of the MTBC. Ehrlich-Ziehl-Neelsen (EZN) staining
method was used to detect the presence of acid-fast bacilli (AFB).

Results: Out of the samples with suspected tuberculosis, mycobacterial growth was detected
in 896 (5.2%) cases. Among these, 824 (91.9%) were identified as MTBC, while 72 (8.1%)
were classified as NTM. EZN staining revealed that 404 (45.1%) out of the 896 isolates were
found AFB positive. Analysis of first-line anti-tuberculosis drug susceptibility in the 824
MTBC isolates revealed that 194 were resistant to at least one first-line anti-tuberculosis drug.
Of these, 135 isolates showed resistance to a single drug, while 59 exhibited resistance to more
than one drug.

Conclusion: Tuberculosis remains a significant public health problem both globally and in
Tirkiye. Regular investigation of local and regional growth patterns and resistance profiles is
crucial for achieving the goals of tuberculosis elimination and eradication.

Keywords: Tuberculosis; non-tuberculous mycobacteria; anti-tuberculosis drug resistance.

0z

Amag: Bu g¢alismanin amaci, tiiberkiiloz siiphesi olan hastalardan 18 yil boyunca toplanan
mikobakteri izolatlarinda Mycobacterium tuberculosis kompleks (MTBK) ve tiiberkiiloz dist
mikobakteri (TDM) tireme sikligini belirlemek ve MTBK olarak izole edilen suslarin birinci
basamak anti-tiiberkiiloz ilaglara direng oranlarini degerlendirmektir.

Gerec ve Yontemler: Bu calismada, Diizce Universitesi Saglik Uygulama ve Arastirma
Merkezi Tibbi Mikrobiyoloji Anabilim Dali Mikobakteriyoloji Laboratuvari'na 2004 ve 2021
yillar1 arasinda tiiberkiiloz siiphesi ile gonderilen toplam 17.199 klinik 6rnek geriye doniik
olarak analiz edildi. MTBK'yi TDM'den ayirt etmek i¢in, MTBK'nin MPT64 antijenini tespit
etmek amaciyla TBC Tanimlama Testi yapildi. Asit-direngli basillerin (ARB) varligini tespit
etmek amaciyla Ehrlich-Ziehl-Neelsen (EZN) boyama yontemi kullanildi.

Bulgular: Tiiberkiiloz siiphesi ile gonderilen 6rneklerden 896 (%5,2) vakada mikobakteri
uremesi tespit edildi. Bunlardan 824'i (%91,9) MTBK olarak tanimlanirken 72'si (%8,1) TDM
olarak smiflandirildi. EZN boyama sonucunda 896 izolatin 404'tinde (%45,1) ARB pozitifligi
saptandi. 824 MTBK izolatinda birinci basamak anti-tiiberkiiloz ila¢ duyarliliginin analizi,
194'tiniin en az bir birinci basamak anti-tiiberkiiloz ilaca direngli oldugunu ortaya koydu.
Bunlardan 135 izolat tek bir ilaca direng gosterirken, 59'u birden fazla ilaca direng
gostermekteydi.

Sonug: Tiiberkiiloz, hem kiiresel olarak hem de Tiirkiye'de dnemli bir halk sagligi sorunu
olmaya devam etmektedir. Tiiberkiilozun ortadan kaldirilmasi ve yok edilmesi hedeflerine
ulagsmak igin yerel ve bolgesel iireme kaliplarinin ve direng¢ profillerinin diizenli olarak
aragtirilmast hayati 6nem tasimaktadir.

Anahtar kelimeler: Tiiberkiiloz; atipik mikobakteri; anti-tiiberkiiloz ilag direnci.
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INTRODUCTION

Tuberculosis (TB) is one of the oldest infectious diseases,
caused by Mycobacterium tuberculosis complex (MTBC),
especially M. tuberculosis (1). Mycobacterial species that
do not belong to this complex are referred to as non-TB
mycobacteria (NTM), which are commonly found in the
environment (2). While most NTM isolates are not
clinically significant, recent studies have reported an
increase in  NTM infections, especially in the
immunocompromised patients (3).

According to the World Health Organization (WHO), TB
is the leading cause of death worldwide. Despite being
both preventable and treatable, it still causes the death of
approximately 1.5 million people every year (4).

The global effort to end the TB epidemic by 2030 was
interrupted by the coronavirus disease 2019 (COVID-19)
pandemic, resulting in a significant reduction in TB data.
The number of newly reported TB cases dropped from 7.1
million in 2019 to 5.8 million in 2020, reverting to levels
last seen in 2012. This reduction in access to TB diagnosis
and treatment has caused an increase in deaths related to
TB. In addition, it is estimated that these negative effects
will worsen in the coming years (4).

Accurate and rapid diagnosis is the most important step in
TB treatment and in preventing its transmission. While
advancements in molecular methods have significantly
improved TB diagnostics, the isolation of M. tuberculosis
through culture remains the gold standard (5).

Delays in the diagnosis of TB and the emergence of drug-
resistant strains pose significant challenges to eradicating
the disease. Resistance to isoniazid and rifampicin, the
most effective first-line treatments, is significantly
concerning. Resistance to these drugs is classified as
multidrug-resistant TB (MDR-TB). According to the
WHO (4), an estimated half a million cases of MDR-TB
have been reported in recent years, with 8.5% of these
classified as extensively drug-resistant TB (XDR-TB).
This study aimed to determine the frequency of MTBC
and NTM isolated from clinical samples with suspected
TB over 18 years. Additionally, it sought to determine the
resistance rates of MTBC species to first-line anti-TB
drugs.

MATERIAL AND METHODS

A total of 17,199 clinical specimens sent to the
Mycobacteriology Laboratory, Department of Medical
Microbiology, at Diizce University Faculty of Medicine
Health Application and Research Centre between 2004
and 2021 from various clinics and outpatient departments
were retrospectively examined.

Lung specimens and non-sterile clinical specimens
underwent homogenization and decontamination using
conventional methods with N-acetyl-L-cysteine and 4%
sodium hydroxide. Sterile samples, on the other hand, did
not require decontamination. The processed samples were
cultured on Lowenstein-Jensen (LJ) (Becton Dickinson,
USA) as solid medium and Mycobacterium Growth
Indicator Tube (BACTEC BD MGIT 320, Sparks, USA)
as liquid medium following the manufacturer's
instructions. Smear preparations were stained using
Ehrlich-Ziehl-Neelsen (EZN) method and evaluated
under a light microscope to detect the presence of acid-fast
bacilli (AFB).
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LJ media inoculated for bacterial growth were monitored
weekly for up to eight weeks, and growth was evaluated
accordingly. Similarly, the samples inoculated in the
BACTEC MGIT BD 320 (Becton Dickinson, USA)
automated system according to the manufacturer's
recommendations were incubated for six weeks. Samples
showing no growth by the end of these periods were
considered negative. To differentiate MTBC from NTM,
the TBC Identification Test (Becton Dickinson, USA) was
performed to detect the MPT64 antigen of the MTBC,
following the manufacturer's instructions (6). Drug
susceptibility of the MTBC isolates, identified through
differentiation against isoniazid (INH), streptomycin (SM),
rifampicin (RIF), and ethambutol (EMB), was conducted
using BACTEC MGIT 320 method with the SIRE kit
containing first-line anti-TB drugs following the
manufacturer's recommendations (5).

Prior to the study, permission was obtained from Diizce
University Non-Interventional Ethics Committee, dated
25.07.2022, with reference number 138.

Statistical Analysis

The statistical analysis of the study was performed using
IBM SPSS v.23.0 (IBM Corp. Released 2015. IBM SPSS
Statistics for Windows, Version 23.0. Armonk, NY: IBM
Corp.) software. Categorical data were summarized as
frequencies and percentages. Chi-square, Fisher's exact
and Fisher-Freeman-Halton tests were used for data
analysis. p<0.05 was considered statistically significant.

RESULTS

In this study, a total of 17,199 clinical samples sent to the
Mycobacteriology Laboratory, Department of Medical
Microbiology, at Diizce University Faculty of Medicine
Health Application and Research Centre between 2004
and 2021, with a preliminary diagnosis of TB, were
analyzed. Only 896 (5.2%) of the clinical samples showed
growth. Of these, 824 (91.9%) were identified as MTBC
and 72 (8.1%) as NTM. Of the 824 MTBC isolates, while
743 (90.2%) were isolated from lung specimens, 81 (9.8%)
from extra-pulmonary specimens. In contrast, 68 (94.4%)
of the NTM strains were isolated from lung specimens and
4 (5.6%) from extra pulmonary specimens (Table 1).
Staining of the samples using EZN method revealed that
404 (45.1%) out of the 896 isolates were found AFB
positive. Among the samples with MTBC, 397 (48.2%)
were AFB positive and seven (9.7%) NTM isolates were
AFB positive (Table 1). The AFB positivity rate in
MTBC-positive samples was statistically significantly
higher than that of NTM isolates (p<0.001).

The distribution of samples with mycobacterial growth
according to patient gender was analyzed (Table 2).
Among the patients with MTBC isolates, 546 (66.3%)
were male and 278 (33.7%) were female, while 51 (70.8%)
male and 21 (29.2%) female patients had NTM isolates.
No statistically significant difference was found between
genders in terms of MTBC and NTM growth in patients
with mycobacterial growth (p=0.430).

Analysis of the distribution of identified MTBC isolates
over the years revealed that the highest number of isolates
was obtained in 2010. Meanwhile, the number of isolates
significantly decreased during the COVID-19 pandemic,
reaching a minimum, especially in 2021.
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Table 1. Distribution of mycobacteria according to sample
type and EZN staining result

MTBC (n=824) NTM (n=72)
Sample N AFB (+) N AFB (+)
Phlegm 577 319 (38.7) 40 4 (5.6)
BAL 140 41 (4.9) 25 1(1.4)
GA 30 11 (1.3) 3 0 (0.0)
Biopsy 22 12 (1.5) 3 1(1.4)
Urine 11 7 (0.9) - -
Body fluid 25 4 (0.5) - -
Wound 18 2(0.2) 1 1(1.4)
CSF 1 1(0.1) - -
Total 824 397 (48.2) 72 7(9.7)

N: number of isolated samples, EZN: Ehrlich-Ziehl-Neelsen, MTBC: mycobacterium
tuberculosis complex, NTM: non-tuberculosis mycobacteria, AFB: acid-fast bacilli,
BAL: bronchoalveolar lavage, GA: gastric aspirat, CSF: cerebrospinal fluid

Table 2. Comparison of patients with MTBC and NTM
isolates according to the gender

MTBC (n=824)

NTM (n=72)  p

Gender, n (%)
Female 278 (33.7) 21 (29.2) 0.430
Male 546 (66.3) 51 (70.8) )

MTBC: mycobacterium tuberculosis complex, NTM: non-tuberculosis mycobacteria

Table 3. Resistance status of MTBC isolates

Isolates with
MTBC at least one
(n=824) resistance
(n=194)
Anti-TB Drugs n % %
INH 119 144 61.3
RIF 24 2.9 12.4
SM 77 9.3 39.7
EMB 54 6.5 27.8
Single Drug 135 16.4 69.6
INH 74 8.9 38.1
RIF 5 0.6 2.6
SM 32 3.9 16.5
EMB 24 29 12.4
Two Drug 40 4.8 20.6
INH+RIF 7 0.8 3.6
INH+SM 18 2.2 9.3
INH+EMB 4 0.5 2.1
RIF+SM 1 0.1 0.5
RIF+EMB 1 0.1 0.5
EMB+SM 9 1.1 4.6
Tree Drug 17 21 8.8
INH+RIF+SM 3 0.3 15
INH+RIF+EMB 2 0.2 1.0
INH+SM+EMB 9 1.1 4.6
RIF+SM+EMB 3 0.3 15
Four Drug 2 0.2 1.0

MTBC: mycobacterium tuberculosis complex, TB: tuberculosis, INH: isoniazid,
RIF: rifampicin, SM: streptomycin, EMB: ethambutol
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Analysis of the first-line anti-TB drug susceptibility of 824
MTBC isolates revealed that 194 of these isolates were
resistant to at least one first-line anti-TB drug. The number
of isolates resistant to INH, RIF, SM, and EMB were 119,
24, 77, and 54, respectively. Among the resistant MTBC
isolates, 135 were resistant to a single drug, while 59 were
resistant to more than one drug. Of the latter group, 14
were found to be MDR-TB due to concurrent resistance to
both INH and RIF (Table 3).

The evaluation of anti-TB resistance over the years
revealed that the resistance rates for years 2016, 2017, and
2021 were not statistically significantly different from one
another (p=0.632), but were significantly higher compared
to the other years (p<0.001). Additionally, 2016 was the
only year in which resistance to all four anti-TB drugs was
detected (Table 4).

DISCUSSION

Tuberculosis (TB) can affect individuals of any age or
gender. According to the WHO Global Tuberculosis
Report 2021, 56% of all TB cases in 2020 were in males,
while 33% were in females. The same report also indicated
that TB is more prevalent among individuals between the
ages of 25-34 (4). In the Turkish Tuberculosis Control
Report, 58.5% of all TB patients were male, and 41.5%
were female (7). Kirui et al. (8) analyzed 120 TB cases in
Nairobi and reported that 73% of the patients were male,
while 27% were female. In Turkiye, Yazisiz et al. (9)
analyzed data from 974 patients and reported that 74.5%
of TB cases were male and 25.5% were female. In this
study, the gender distribution of TB patients revealed that
66.3% were male and 33.7% were female. Therefore, the
findings in this study align with the literature.

TB is a systemic disease that typically affects the lungs but
can also involve other organs and tissues. In 2020, 4.8
million new pulmonary TB cases were diagnosed
worldwide, accounting for nearly half of all TB cases (4).
According to the Tuberculosis Control Report in Tiirkiye,
pulmonary TB cases constituted 60.9% of all TB cases (7).
A study by Yazisiz et al. (9) showed that lung samples
comprised the majority (92.1%) of specimens from which
MTBC was isolated. In this study, 743 (90.2%) out of 824
MTBC strains were isolated from lung samples. When
compared to the data worldwide and in Tirkiye, the
pulmonary TB rates observed in the present study were
found to be similar.

In the diagnosis of TB, searching for AFB using the EZN
staining method is a simple, rapid, and inexpensive method.
Kivihya-Ndugga et al. (10) reported that 332 (59.9%) out
of 554 samples from which MTBC was isolated were
AFB positive. Similarly, Yildiran et al. (11) reported that
1,221 (71.8%) out of 1,701 samples with MTBC isolates
were AFB positive. Tarhan et al. (12) reported 89 (86.4%)
out of 103 MTBC isolates cultured were AFB positive. In
the current study, 397 (48.2%) MTBC isolates and 7 (9.7%)
NTM isolates were found to be AFB positive. Notably, the
low positivity rate of EZN staining in samples with NTM
isolates is remarkable. In the surveyed literature, no data
on EZN staining results for NTM isolates were found. In
this study, the findings revealed a lower AFB positivity
rate compared to existing literature. The reason for this
discrepancy may be attributed to factors such as the type
of sample material, smear thickness, bacilli concentration
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Table 4. Distribution of resistance in MTBC isolates according to years
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Year INH RIF SM EMB Twodrug Threedrug Four drug Total
2004 (n=19) 4(21.1) 2 (10.5) 0(0.0) 1(5.3) 1(5.3) 1(5.3) 0(0.0) 4 (21.1)
2005 (n=41) 1(2.4) 0(0.0) 1(2.4) 3(7.3) 0(0.0) 0(0.0) 0(0.0) 5(12.2)
2006 (n=36) 0 (0.0) 1(2.8) 1(2.8) 3(8.3) 0(0.0) 0(0.0) 0(0.0) 5(13.9)
2007 (n=47) 5 (10.6) 2(4.3) 3(6.4) 4 (8.5) 3(6.4) 0(0.0) 0(0.0) 16 (34.0)
2008 (n=42) 6 (14.3) 1(2.4) 2(4.8) 2 (4.8) 1(2.4) 0 (0.0) 0(0.0) 10 (23.8)
2009 (n=60) 11 (18.3) 4(6.7) 8 (13.3) 4(6.7) 5(8.3) 4(6.7) 0(0.0) 14 (23.3)
2010 (n=102) 6 (5.9) 2(1.9) 9(8.8) 4(3.9) 3(2.9) 2(1.9) 0(0.0) 13 (12.7)
2011 (n=75) 8(10.7) 2(2.7) 8(10.7) 5(6.7) 3(4.0) 2(2.7) 0(0.0) 13 (17.3)
2012 (n=65) 15 (23.1) 2(3.1) 2(3.1) 2(3.1) 4 (6.2) 0(0.0) 0(0.0) 16 (24.6)
2013 (n=37) 2(5.4) 0(0.0) 0 (0.0) 1(2.7) 0(0.0) 0(0.0) 0(0.0) 3(8.1)
2014 (n=48) 6 (12.5) 2(4.2) 8 (16.7) 0 (0.0 3(6.3) 0 (0.0) 0(0.0) 13 (27.1)
2015 (n=37) 6 (16.2) 0 (0.0) 4(10.8) 2(5.4) 2 (5.4) 1(2.7) 0(0.0) 8(21.6)
2016 (n=53) 19 (35.8) 5(9.4) 11 (20.7) 9 (17.0) 5(9.4) 4 (7.5) 2 (3.8) 24 (45.3)
2017 (n=44) 13 (29.5) 0(0.0) 3(6.8) 3(6.8) 3(6.8) 0(0.0) 0(0.0) 18 (40.9)
2018 (n=46) 3(6.5) 0(0.0) 7(15.2) 5(10.9) 2(4.3) 0(0.0) 0(0.0) 13 (28.3)
2019 (n=33) 6(18.2) 0(0.0) 7(21.2) 4(12.1) 2(6.1) 2(6.1) 0(0.0) 10 (30.3)
2020 (n=23) 4(17.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 4 (17.4)
2021 (n=16) 4 (25.0) 1(6.3) 3(18.8) 2(12.5) 3(18.8) 1(6.3) 0(0.0) 5(31.3)
Total (n=824) 119 (14.4) 24 (2.9) 77(9.3) 54 (6.5) 40 (4.9) 17 (2.1) 2(0.2) 194 (23.5)

MTBC: mycobacterium tuberculosis complex, TB: tuberculosis, INH: isoniazid, RIF: rifampicin, SM: streptomycin, EMB: ethambutol

in the sample, and the experience of the person performing
the microscopic examination.

Drug-resistant TB continues to be an important public
health concern in Tiirkiye and many other countries
worldwide. Detecting drug resistance in TB and initiating
appropriate and effective treatment are critical steps in
preventing infections and ensuring clinical recovery (5).
Studies conducted in Tiirkiye and other countries have
reported varying rates of resistance to anti-TB drugs.
Aroraetal. (13) evaluated 4,910 MTBC isolates and found
that 3,941 isolates were resistant to at least one anti-TB
drug. In the same study, resistance rates for INH, RIF, SM
and EMB were reported as 8.3%, 0.44%, 0.16% and 1.9%,
respectively. Similarly, He et al. (14) analyzed 13,486 TB
cases in China and reported that 21.1% of the isolates were
resistant to at least one first-line drug. Resistance rates for
INH, RIF, SM and EMB were reported as 13.4%, 8.4%,
14.7% and 2.6%, respectively. In Turkiye, Yazisiz et al. (9)
investigated MTBC isolates at the Akdeniz University and
reported that 26.7% were resistant to at least one of the
first-line anti-TB drugs. In the aforementioned study,
resistance rates for INH, RIF, SM and EMB were 9.1%,
1.3%, 4.4% and 0.5%, respectively. Yilmaz et al. (15)
conducted a study in Erzurum and found that 19.6% of 419
MTBC strains were resistant to at least one drug. Analysis
of resistance rates revealed that 1.9%, 4.1%, 11.7% and
3.6% for INH, RIF, SM and EMB, respectively. In the
current study, among 824 MTBC strains isolated, 23.5%
demonstrated resistance to at least one anti-TB drug.
Resistance rates for INH, RIF, SM and EMB were 14.4%,
2.9%, 9.3% and 6.5%, respectively. Both in this study and
in the previously mentioned literature, the most common
resistance observed in MTBC isolates worldwide was
against INH. This high resistance rate may be due to the
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frequent use of INH both in treatment and prophylaxis,
poor patient compliance to treatment regimens, and
geographical differences in drug use and access.
MDR-TB is a condition where MTBC is resistant to INH
and RIF, the two most effective first-line anti-TB drugs,
with or without resistance to other anti-TB drugs.
Globally, the prevalence of MDR-TB among newly
diagnosed TB cases ranges from 3-4%, while it increases
to 18-21% among previously treated TB patients (4). In a
meta-analysis conducted in Pakistan, Molla et al. (16)
showed that the prevalence of MDR-TB was 4% in new
TB cases and 21%. Similarly, Yilmaz et al. (15) evaluated
419 MTBC strains in Erzurum, Tirkiye, and found an
MDR-TB prevalence rate of 3.6% which aligns with the
national average in Tiirkiye. In the present study, the
MDR-TB prevalence among MTBC strains was shown to
be 1.6%. Compared to global and regional data, including
data in Turkiye, MDR-TB prevalence rate in the present
study is relatively lower. Moreover, the findings in this
study show variations in TB resistance over the years.
Specifically, resistance rates in 2016, 2017 and 2021 were
statistically significantly higher compared to other years,
while no significant differences were observed among
themselves. These findings are consistent with previous
studies conducted in Tirkiye. This study suggests that
incorporating these resistance rates to anti-TB drugs into
treatment planning for TB patients would be beneficial. In
addition, obtaining epidemiological data and understanding
resistance rates in the laboratory, is necessary for
evaluating regional, national, and international progress in
the battle against TB and reaching potential targets.
Although NTMs are typically acquired from the
environment, with no evidence of person-to-person
transmission, their clinical importance has grown in recent
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years. Moreover, the pathogenic roles of NTMs have been
well established and they are known to cause serious
clinical results, especially in immunocompromised
individuals (17). The incidence, prevalence and strain
distribution of NTM cases are highly variable among
different geographical locations (3). However, accurately
determining the prevalence and incidence of NTM
infections remains challenging, as the microbiological
isolation of these microbes does not always correspond to
clinical infection. Recent guidelines recommend the use of
clinical, radiographic, and microbiological criteria for the
diagnosis of NTM-related lung disease. In a study by
Ozen et al. (5) involving 31,017 samples, 5.1% of the
samples submitted with suspicion of TB were reported as
MTBC, while 1.1% were identified as NTM. Similarly,
Martinez Gonzalez et al. (18) analyzed the distribution of
NTM isolates according to sex and found that isolates were
three times more common in males than females. In
another study conducted in Japan, it was reported that there
was a significant increase in lung disease cases due to
NTM (19). In this study, 4.8% of the mycobacteria isolated
were identified as MTBC and 0.4% as NTM, with 70.8%
of the NTM strains isolated from male patients and 29.2%
from female patients, primarily from respiratory tract
samples. When compared to the existing literature, the
MTBC and NTM rates in this study were found to be
consistent with previously reported findings. The detection
of NTMs in Diizce region emphasizes the clinical
importance and frequency of these isolates. Notably, this
is the first time infections caused by NTMs have been
identified from clinical samples in Diizce region, which
constitutes a strength of this study. However, the lack of
relevant data on whether guidelines for differentiating
NTMs as causative agents or contaminants were applied
by clinics represents a limitation. Therefore, this study
recommends more comprehensive, collaborative studies
with clinical facilities to address this concern.

CONCLUSION

The findings in this study indicate that TB remains a
significant public health concern in Diizce region, which
can be classified as endemic for TB. Notably, resistance
rates in 2016, 2017, and 2021 were significantly higher
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ABSTRACT

Aim: This study aimed to evaluate the prevalence of gastrointestinal (GI) symptoms during
pregnancy and identify hormonal, nutritional, and lifestyle factors contributing to their severity.
Material and Methods: The study was conducted involving 612 pregnant women aged 20 to
40 years, with gestational ages between 5 and 36 weeks. Participants were categorized into
three groups based on their trimester. Gl symptoms were assessed using the gastrointestinal
symptom rating scale (GSRS). A structured questionnaire was used to collect data on
demographic characteristics, obstetric history, prior Gl conditions, and lifestyle factors.
Results: The study found that indigestion (77.6%, n=475), reflux (68.5%, n=419), and
abdominal pain (69.9%, n=428) were the most common Gl symptoms reported. While
indigestion (78.4%, n=171) followed by nausea (76.1%, n=166) was the most common
symptoms in the first trimester, abdominal pain (78.1%, n=171) and reflux (76.3%, n=167)
were most frequent in the second trimester, In the third trimester, indigestion (81.1%, n=142)
was again the most common symptom, followed by reflux (76.6%, n=134). High GSRS
scores were found to be significantly associated with excessive tea consumption (OR: 4.22,
95% Cl: 1.44-12.35, p<0.001), employment status (OR: 2.32, 95% ClI: 1.63-3.32, p<0.001),
and TSH levels (OR: 1.26, 95% CI: 1.13-1.41, p<0.001).

Conclusion: GI symptoms are highly prevalent during pregnancy and are influenced by
modifiable factors such as tea consumption, weight gain, and work-related stress. Monitoring
thyroid function, managing weight, reducing tea intake, and addressing stress may help
alleviate these symptoms, thereby improving the quality of life for pregnant women.
Keywords: Gastrointestinal diseases; pregnancy; risk factors.

0z

Amagc: Bu caligmanin amaci gebelik sirasinda gastrointestinal (GI) semptomlarin yaygimligini
degerlendirmek ve bu semptomlarin siddetine katkida bulunan hormonal, beslenme ve yasam
tarzi faktorlerini belirlemektir.

Gerec ve Yontemler: Bu calisma, 20 ila 40 yaslar1 arasinda, gestasyonel yaslari 5 ila 36 hafta
arasinda olan 612 gebe kadin ile yapilmistir. Katilimcilar, trimesterlerine gore ii¢c gruba
ayrilmustir. GI semptomlar, gastrointestinal semptom derecelendirme 6lgegi (gastrointestinal
symptom rating scale, GSRS) kullanilarak degerlendirilmistir. Demografik 6zellikler, obstetrik
geemis, onceki GI durumlar ve yasam tarzi faktorleri hakkinda veri toplamak amaciyla
yapilandirilmis bir anket uygulanmustir.

Bulgular: Calismada en sik goriilen Gl semptomlarin sindirim bozuklugu (%77,6, n=475),
reflii (%68,5, n=419) ve karin agrisi (%69,9, n=428) oldugu bulundu. ilk trimesterde sindirim
bozuklugu (%78,4, n=171) ve bunu izleyen bulanti (%76,1, n=166) en sik goriilen semptomlar
iken, ikinci trimesterde karin agris1 (%78,1, n=171) ve reflii (%76,3, n=167) en sik idi. Ugiincii
trimesterde ise sindirim bozuklugu (%81,1, n=142) yine en sik goriilen semptomdu ve bunu
reflii (%76,6, n=134) izlemekteydi. Yiiksek GSRS skorlarinin asir1 ¢ay tiiketimi (OR: 4.22,
%95 Cl: 1.44-12.35, p<0.001), calisgma durumu (OR: 2.32, %95 CI: 1.63-3.32, p<0.001) ve TSH
diizeyleri (OR: 1.26, %95 CI: 1.13-1.41, p<0.001) ile anlamli sekilde iliskili oldugu bulundu.
Sonug: Gl semptomlar gebelik sirasinda olduk¢a yaygindir ve cay tiiketimi, kilo artis1 ve is
kaynakli stres gibi degistirilebilir faktdrlerden etkilenmektedir. Tiroid fonksiyonlarinin izlenmesi,
kilo yonetimi, ¢ay tiiketiminin azaltilmas1 ve stresle basa ¢ikma yontemleri, bu semptomlari
hafifletmeye yardimci olabilir ve boylece gebe kadinlarin yagam kalitesini iyilestirebilir.
Anahtar kelimeler: Gastrointestinal hastaliklar; gebelik; risk faktorleri.
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INTRODUCTION

Pregnancy is characterized by a complex physiological
change that can lead to a wide range of symptoms,
including common gastrointestinal (GI) complaints such
as heartburn, nausea, vomiting, and constipation (1).
These Gl disturbances are frequently encountered during
pregnancy, with varying degrees of severity, and are
typically managed by obstetricians (2-4). While many of
these symptoms are considered mild to moderate, they
can significantly impact a pregnant woman’s quality of
life (5,6).

Understanding the mechanisms behind these complaints
is critical for effective management and improving
maternal well-being. Hormonal fluctuations, particularly
elevated levels of progesterone and human chorionic
gonadotropin (hCG), play a central role in the development
of GI symptoms (1,7,8). Progesterone delays gastric
emptying by relaxing smooth muscle, which, combined
with increased gastric acidity due to higher gastrin
production by the placenta, contributes to the onset of
gastroesophageal reflux disease (GERD) and other
conditions (9,10).

GERD affects 40-85% of pregnant women, starting in the
first trimester and often persisting throughout the
pregnancy (9,10). Similarly, constipation, another frequent
complaint, is thought to result from the relaxing effect of
progesterone on intestinal smooth muscle, reduced bowel
motility, and increased colonic water absorption (10,11).
Iron supplementation, commonly prescribed during
pregnancy, can further exacerbate constipation (12).
Nausea and vomiting, which affect 50-80% of pregnant
women, are among the most common medical conditions
during pregnancy, peaking between the 8" and 12" weeks
and generally subsiding by the 20" week (13). Although
the exact mechanism is not fully understood, these symptoms
are believed to result from the combined effects of hormonal
changes, delayed gastric emptying, and psychological
factors such as anxiety or depression (1,3,14). For most
women, these symptoms resolve without the need for
pharmacological intervention and can be managed through
dietary adjustments and lifestyle modifications.

Despite the prevalence of these Gl complaints, the
underlying risk factors that predispose pregnant women to
these conditions remain incompletely understood (1-4,15).
This study aimed to evaluate the prevalence of Gl
symptoms during pregnancy and identify the lifestyle (tea
consumption, employment status, weight gain), as well as
hormonal (thyroid-stimulating hormone, TSH) and
nutritional (iron supplements) factors contributing to their
severity. By gaining a deeper understanding of these risk
factors, the study hoped to inform more effective
prevention and management strategies, ultimately
improving the quality of care for pregnant women.

MATERIAL AND METHODS

This prospective observational study included 612
pregnant women, aged 20 to 40 years, with gestational
ages ranging from 5 to 36 weeks, who attended antepartum
clinics for routine prenatal care at Ankara Etlik City
Hospital. Ethical approval was obtained from the local
ethics committee (numbered AESH-BADEK-2024-016,
dated 10.01.2024). Participants were categorized into three
groups based on their trimester, 218 women in the first,
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219 in the second, and 175 in the third trimester. All
participants provided written informed consent prior to
enrollment, in compliance with ethical standards.

Gl symptoms were assessed using the gastrointestinal
symptom rating scale (GSRS). GSRS is a validated and
reliable instrument designed to evaluate Gl complaints (16)
and validated for use in the Turkish population (17). The
GSRS consists of 15 questions, divided into five symptom
clusters: Reflux (burning and discomfort related to reflux),
Indigestion (gurgling in stomach, bloating), Abdominal
Pain (nausea, pain due to hunger, pain in the upper part of
the abdomen), Diarrhea, and Constipation. Each item is
rated on a seven-point Likert scale, with 1 representing no
symptoms and 7 indicating very troublesome symptoms.
This scoring method allows for a comprehensive
assessment of how GI symptoms affect the quality of life
during pregnancy. The instrument helps to capture both the
frequency and severity of these symptoms, providing a
targeted measure for antepartum care.

In addition to these scales, a structured questionnaire was
administered to collect data on participants' demographic
characteristics (age, body mass index (BMI), educational
status), obstetric history (gravidity, parity, previous
pregnancies), previous Gl conditions (such as peptic
ulcers, irritable bowel syndrome), history of diagnostic
procedures (e.g., gastroscopy, colonoscopy), and daily
habits such as tea, coffee, and tobacco consumption,
exercise routines, and the use of supplements (e.g., iron,
multivitamins, and vitamin D).

Women with pre-existing chronic Gl diseases requiring
ongoing treatment, systemic conditions (e.g., diabetes,
autoimmune diseases), multiple pregnancies, and use of
medications known to affect Gl function were excluded.
Blood samples were collected from all participants during
their first prenatal visit for routine biochemical analysis,
including liver function tests, complete blood count,
thyroid function tests, and serum electrolytes. These data,
along with the GSRS scores and lifestyle information,
were used to analyze the association between Gl
symptoms and potential metabolic and lifestyle factors.
Statistical Analysis

Data were analyzed using IBM SPSS v.26. Continuous
variables were reported as meantstandard deviation, while
categorical variables were expressed as frequencies and
percentages. The normality of the data was assessed using
the Kolmogorov-Smirnov test and the histogram and
skewness-kurtosis values. The equality of variances was
tested using Levene's test. Comparisons between
trimesters were made using one-way ANOVA with post
hoc Tukey analysis. The relationship between GSRS scores
and potential risk factors was assessed using Pearson
correlation coefficients. To identify independent predictors
of higher GSRS scores, binary logistic regression analysis
was conducted. The model included the following
variables: age, BMI, gestational week, excessive tea
consumption, employment status, and TSH levels. These
variables were selected based on prior research and their
theoretical relevance to Gl symptoms during pregnancy.
Age, BMI, and gestational week were included to control
for potential confounders, as they are known to influence
both GI symptoms and other risk factors. Model fit was
evaluated using the Hosmer-Lemeshow test, which tests
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the goodness-of-fit for the logistic regression model. The
p-value for this test indicated whether the model fit the
data well. The Nagelkerke R? statistic was reported to
assess the proportion of variance explained by the model.
The odds ratio (OR) with a 95% confidence interval (CI)
was calculated for each independent variable to assess the
strength and direction of the relationship between the
predictors and GSRS scores. A p-value of less than 0.05
was considered statistically significant for all analyses.

RESULTS

The general characteristics and blood results of the study
group were summarized in Table 1. Of the 612 participants,
29.9% (n=183) reported that they do not consume tea,

Gastrointestinal Symptoms and Risk Factors

43.1% (n=264) of participants reported that they do not
consume coffee, 73.0% (n=447) used antianemic drugs,
70.3% (n=430) took vitamin D supplement, 65.0% (n=398)
did not engage in regular exercise, 6.2% (n=38) were
current smokers, and 66.0% (n=404) were not employed
during pregnancy (Table 2).

The GSRS responses of the participants and the
comparison by trimester were presented in Table 3. The most
frequently reported GI symptoms among the entire study
group were indigestion (77.6%, n=475), reflux (68.5%,
n=419), and abdominal pain (69.9%, n=428), including
nausea. Indigestion (78.4%, n=171) was the most common
symptom among women in the first trimester, followed by
nausea (76.1%, n=166). In the second trimester, abdominal

Table 1. General characteristics and blood results of the study population, and comparison of groups by trimester

15t trimester 2" trimester 3" trimester Study Group
(n=218) (n=219) (n=175) P (n=612)

Age (year) 30.2246.08 30.1345.97 29.89+5.81 0.856 30.09+5.96
Weight gain (kg) 10.54+3.342 15.21+4.26 15.48+3.82°  <0.001 13.62+4.46
Pre-pregnancy weight (kg) 64.72+12.092 59.18+12.39b 59.52+12.06°  <0.001 61.25£12.44
BMI (kg/m?) 28.08+4.78 27.77+4.75 27.88+4.85 0.798 27.91+4.78
Glucose (mg/dL) 92.19+12.11 91.63+12.99 94.53+12.89 0.630 92.66+12.69
BUN (mg/dL) 27.11+6.74 27.15+6.44 26.49+6.93 0.556 26.95+6.69
Creatinine (mg/dL) 0.70+0.14 0.69+0.13 0.69+0.14 0.674 0.69+0.14
ALT (IU/L) 15.774£9.45 16.76+9.60 15.66+8.91 0.416 16.09+9.35
AST (IU/L) 17.2749.93 17.02+9.76 17.10£10.00 0.965 17.13+£10.00
Hb (mg/dL) 9.70+3.21 9.80+3.08 9.71+3.13 0.940 9.74+3.14
TSH (mU/ml) 1.83+1.27¢2 3.11£1.520 3.0241.53 <0.001 3.07£1.57
T4 (ng/dL) 1.21+0.27 1.15£0.26" 1.23+0.26 0.012 1.20+0.26

BMI: body mass index, BUN: blood urea nitrogen, ALT: alanine transaminase, AST: aspartate aminotransferase, Hb: hemoglobin, TSH: thyroid-stimulating
hormone, °: groups with different letters are significantly different from each other

Table 2. Daily lifestyle and nutritional factors study group

n=612
Tea consumption, n (%)
None 183 (29.9)
1-2 cups 257 (42.0)
3-4 cups 157 (25.7)
>5 cups 15 (2.4)
Coffee consumption, n (%)
None 264 (43.1)
1-2 cups 201 (32.8)
3-4 cups 143 (23.4)
>5 cups 4(0.7)
Smoking, n (%)
None 459 (75.0)
Before pregnancy 115 (18.8)
1-2 per day 20 (3.3)
>3 per day 18 (2.9)
Antianemic intake, n (%) 447 (73.0)
Vitamin D intake, n (%) 430 (70.3)
Exercise, n (%) 214 (35.0)
Working status, n (%) 208 (34.0)
Education, n (%)
No 49 (8.0)
Primary school 153 (25.0)
High school 191 (31.2)
University 169 (27.6)
MSc/PhD 50 (8.2)

MSc/PhD: master of science/doctor of philosophy
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pain (78.1%, n=171) and reflux (76.3%, n=167) were the
most  frequently reported symptoms, followed by
indigestion (74.0%, n=162). In the third trimester,
indigestion (81.1%, n=142) was again the most common
symptom, followed by reflux (76.6%, n=134). The mean
total GSRS scores of women in each trimester based on tea
consumption were shown in Figure 1.

13.00
Tea
Consuming
None
I 1-Zcups
12.00 I 3-4 cups
5 and more cups

11.00

10.00

Mean Total GSRS Scores + Standard Error

First (h=218) Second (n=219)

Trimester

Figure 1. Gastrointestinal symptom rating scale scores in
each trimester categorized by tea consumption habits

Third (h=175)
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Table 3. Prevalence of gastrointestinal symptoms in the study group and by trimester, based on the GSRS score

15t trimester 2nd trimester 3™ trimester Study Group
(n=218) (n=219) (n=175) (n=612)

Reflux, n (%)

No discomfort at all 100 (45.9)2 52 (23.7)° 41 (23.4)° 193 (31.5)

Minor discomfort 53 (24.3) 66 (30.1) 49 (28.0) <0001 168 (27.5)

Mild discomfort 56 (25.7) 71 (32.4) 59 (33.7) : 186 (30.4)

Moderate discomfort 9 (4.1 30 (13.7)° 26 (14.9)° 65 (10.6)
Indigestion, n (%)

No discomfort at all 47 (21.6) 57 (26.0) 33(18.9) 137 (22.4)

Minor discomfort 67 (30.7) 58 (26.5) 60 (34.3) 185 (30.2)

Mild discomfort 70 (32.1) 56 (25.6) 47 (26.9) 0.985 173 (28.3)

Moderate discomfort 32 (14.7) 43 (19.6) 31 (17.7) 106 (17.3)

Moderately severe discomfort 2(0.9) 5 (2.3) 4(2.3) 11 (1.8)
Abdominal Pain, n (%)

No discomfort at all 52 (23.9)2 48 (21.9)? 84 (48.0)° 184 (30.1)

Minor discomfort 69 (31.7) 68 (31.1) 49 (28.0) 186 (30.4)

Mild discomfort 55 (25.2)2 61 (27.9)° 3071 <0001 146 (23.9)

Moderate discomfort 42 (19.3)° 42 (19.2)° 12 (6.9)? 96 (15.7)
Diarrhea, n (%)

No discomfort at all 161 (73.9) 168 (76.7) 116 (66.3) 0.065 445 (72.7)

Minor discomfort 57 (26.1) 51 (23.3) 59 (33.7) ' 167 (27.3)
Constipation, n (%)

No discomfort at all 152 (69.7) 143 (65.3) 117 (66.9) 412 (67.3)

Minor discomfort 59 (27.1) 61 (27.9) 41 (23.4) 0.607 161 (26.3)

Mild discomfort 7(3.2) 15 (6.8) 17 (9.7) 39 (6.4)

GSRS: gastrointestinal symptom rating scale

There was a positive and weak correlation between the
total GSRS score and TSH level (r=0.129, p=0.001). Weight
gain (r=0.187, p<0.001), gestational week (r=0.167, p<0.001),
and TSH level (r=0.082, p=0.043) were also found to be
positively and weakly correlated with the reflux score. On
the other hand, weight gain (r=-0.132, p<0.001) and
gestational week (r=-0.206, p<0.001) were found negatively
and weakly correlated with nausea score (Table 4).
Binary logistic regression analyses revealed several factors
significantly associated with high GSRS score (Table 5).
Consuming >5 cups of tea per day was associated with a
high GSRS score (OR: 4.22, 95% CI: 1.44-12.35, p<0.001).
Employment status was also significantly related to high
GSRS score (OR: 2.32, 95% CI: 1.63-3.32, p<0.001), as
were TSH level (OR: 1.26, 95% CI: 1.13-1.41, p<0.001).
Furthermore, in terms of symptom clusters of the GSRS,
weight gain (OR: 1.06, 95% CI: 1.02-1.10, p=0.001),
gestational week (OR: 1.02, 95% CI: 1.01-1.04, p=0.002),
and tea consumption exceeding 5 cups per day (OR: 7.26,
95% CI: 1.97-26.66, p=0.003) were the most strongly
associated factors with higher reflux scores. Gestational
age (OR: 0.965, 95% CI: 0.948-0.983, p<0.001) was
found to be negatively associated with nausea scores.

DISCUSSION

The findings of this study indicate that GI symptoms,
particularly indigestion, reflux, and abdominal pain including
nausea, are highly prevalent during pregnancy, with
notable variations across different trimesters. Additionally,
we identified several key factors associated with increased
severity of Gl symptoms, including TSH levels, tea
consumption, employment status, and weight gain.
Compared to Zielinski et al. (18), which focuses on
common Gl conditions in pregnancy like GERD, diarrhea,
and constipation, the present study specifically highlights
hormonal and lifestyle factors, such as tea consumption and
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Table 4. Correlation analysis between variables and
gastrointestinal symptom scores

A GEE oy

Total GSRS score r 0.056 0.031 0.129
p 0.165 0.448 0.001

| r 0.187 0.167 0.082
Reflux score p <0.001 <0.001 0.043
Indigestion score r 0.031 0.039 0.085
p 0.447 0.336 0.035

Nausea score r -0.132 -0.206 0.020
p 0.001 <0.001 0.628

GSRS: gastrointestinal symptom rating scale, TSH: thyroid-stimulating hormone

stress, influencing these symptoms. While both emphasize
the variability of symptoms, this study offers more
targeted management strategies. Naumann et al. (19)
similarly address heartburn and nausea as common
pregnhancy symptoms but do not identify specific
contributing factors. The present study adds depth by
linking these symptoms to factors like weight gain, TSH
levels, and tea intake, offering practical insights for
symptom relief. In line with Zhang et al. (20), both
studies recognize lifestyle factors in GI symptoms, though
Zhang et al. (20) emphasize sedentary behavior and cold
beverage consumption.

The weak but significant correlation between total GSRS
scores and TSH levels suggests that thyroid function may
play a role in the development of Gl symptoms during
pregnancy. This finding is consistent with previous studies
that have demonstrated an association between altered
thyroid hormone levels and Gl disturbances such as
constipation and reflux (21). Thyroid hormones can
influence gut motility and the relaxation of the lower
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Table 5. Univariate and multivariate logistic regression analysis results of the variables associated with high

gastrointestinal symptom rating scale scores

Univariate Logistic Regression

Multivariate Logistic Regression

Factor

OR (95% CI) p OR (95% CI) p
Age (year) 1.02 (0.99-1.05) 0.108 - -
Weight gain (kg) 0.99 (0.95-1.03) 0.650 - -
BMI (kg/m?) 0.99 (0.96-1.03) 0.966 - -
TSH (mU/ml) 1.26 (1.13-1.41) <0.001 1.20 (1.07-1.35) <0.001
Smoking (Yes) 1.22 (0.79-1.89) 0.352 - -
Tea consumption (>5 cups) 4.22 (1.44-12.35) <0.001 2.84 (0.94-8.63) 0.017
Coffee consumption (Yes) 1.00 (0.74-1.35) 0.987 - -
Exercise (Yes) 0.89 (0.61-1.28) 0.533 - -
Employment status (Yes) 2.32 (1.63-3.32) <0.001 2.15 (1.49-3.10) <0.001

BMI: body mass index, TSH: thyroid-stimulating hormone, OR: odds ratio, Cl: confidence interval

esophageal sphincter, contributing to the onset of
symptoms such as heartburn and nausea (22). While the
correlation was weak, it highlights the importance of
monitoring thyroid function as part of prenatal care,
especially in women presenting with GI complaints.

This study also found that weight gain and gestational
week were positively correlated with reflux scores. As
pregnancy progresses, the enlarging uterus exerts increased
pressure on the stomach, contributing to gastroesophageal
reflux (23). This mechanical factor, coupled with hormonal
changes -particularly elevated progesterone levels- explains
the high prevalence of reflux symptoms, especially in the
third trimester. Weight gain further exacerbates this
condition by increasing intra-abdominal pressure, a
finding supported by prior research showing a similar
association between BMI and reflux in non-pregnant
populations (24,25).

The relationship between tea consumption and Gl
symptoms is a novel finding in this population. Women
who consumed more than five cups of tea daily had
significantly higher GSRS and reflux scores. Tea,
particularly black tea, contains compounds like caffeine
and theobromine, which can relax the lower esophageal
sphincter and increase gastric acidity, contributing to reflux
symptoms (26). While caffeine has been widely studied in
relation to pregnancy outcomes, its impact on GI symptoms,
specifically reflux, has received less attention (27). The
results of the present study suggest that reducing tea
consumption could be a simple and effective intervention
for managing reflux symptoms during pregnancy.
Interestingly, employment status was another significant
factor associated with higher GSRS scores. Women who
were employed during pregnancy reported more severe Gl
symptoms, potentially reflecting the role of stress and time
constraints in exacerbating these conditions. Work-related
stress has been linked to the exacerbation of functional Gl
disorders, such as irritable bowel syndrome (IBS), and
may similarly contribute to increased symptom severity in
pregnant women (28,29). This finding suggests that
managing stress, perhaps through relaxation techniques or
modifications in workload, could help alleviate Gl
complaints during pregnancy.

One of the strengths of this study is its prospective design,
which allowed for the assessment of Gl symptoms
throughout the different trimesters of pregnancy.
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Additionally, the use of the validated GSRS ensured a
comprehensive evaluation of symptom frequency and
severity. However, there are some limitations. The study
population was limited to women attending a tertiary
hospital, which may not be representative of the broader
pregnant population. Furthermore, while we identified
several associations between lifestyle factors and Gl
symptoms, the study was observational, making it difficult
to establish causal relationships.

CONCLUSION

This study highlights the high prevalence of GI symptoms
during pregnancy and identifies several modifiable and
non-modifiable risk factors. Monitoring thyroid function,
managing weight gain, reducing tea consumption, and
addressing work-related stress may help mitigate these
symptoms. Future research should explore the underlying
mechanisms linking these factors to Gl symptoms and
investigate the effectiveness of targeted interventions to
improve maternal well-being during pregnancy.
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Clavicula’nin Kantitatif Degerlendirilmesi

ABSTRACT

Aim: Anatomical reconstruction of the coracoclavicular ligament has recently become popular
in the treatment of acromioclavicular joint injuries. To perform this procedure correctly, the
anatomy of the conoid tubercle and trapezoid line, which are the attachment sites of the
coracoclavicular ligament, should be known accurately. Therefore, this study aimed to evaluate
the distal clavicle along with morphometry of the conoid tubercle and trapezoid line.
Material and Methods: In the present study, 77 human dry clavicles (39 right, 38 left) were
examined using a digital caliper and digital thickness gauge. The clavicle length, thickness and
width of the distal clavicle, morphometric features of the conoid tubercle, and trapezoid line
were examined. Measurements were performed by two researchers independently.

Results: The clavicle length was 138.37+10.69 mm. Supero-inferior thickness of the distal
clavicle was 9.08+1.69 mm, and the antero-posterior width was 17.70+2.37 mm. Medio-lateral
and supero-inferior dimensions of the conoid tubercle were 17.17+3.58 mm and 7.59+1.38
mm, respectively. The distance between the clavicle acromial end and the center of the conoid
tubercle was 34.43+5.41 mm. Medio-lateral dimension of trapezoid line was 16.69+2.73 mm,
and antero-posterior dimension was 9.61+1.80 mm. The distance between the clavicle acromial
end and the center of the trapezoid line was measured as 18.15+2.80 mm.

Conclusion: Accordingly, the tunnels for trapezoid and conoid ligaments should be created 18
mm and 34 mm medial from the clavicle acromial end, respectively. The measurements
obtained in this study can be used as a guide for coracoclavicular ligament reconstruction.
Keywords: Anatomical reconstruction; conoid tubercle; coracoclavicular ligament; distal
clavicle; morphometry; trapezoid line.

(074

Amag: Articulatio acromioclaviculare yaralanmalarinin  tedavisinde, ligamentum
coracoclaviculare’nin anatomik rekonstriiksiyonu son zamanlarda popiiler hale gelmistir. Bu
islemin dogru sekilde yapilabilmesi i¢in ligamentum coracoclaviculare’nin yapigma yerleri
olan tuberculum conoideum ve linea trapezoidea’nin anatomisinin dogru sekilde bilinmesi
gerekir. Bu nedenle, bu c¢alismada tuberculum conoideum ve linea trapezoidea’nin
morfometrisi ile birlikte distal clavicula’nin degerlendirilmesi amaglandi.

Gerec ve Yontemler: Bu calismada, 77 insan kuru clavicula kemigi (39 sag, 38 sol) dijital
kumpas ve dijital kalinlik 6lger kullanilarak incelendi. Clavicula uzunlugu, distal clavicula
kalinligr ve genisligi, tuberculum conoideum ve linea trapezoidea’nin morfometrik 6zellikleri
incelendi. Olgiimler iki aragtirmaci tarafindan bagimsiz olarak gergeklestirildi.

Bulgular: Clavicula uzunlugu 138,37+10,69 mm idi. Distal clavicula’nin supero-inferior
kalmligi 9,08+1,69 mm ve antero-posterior genisligi ise 17,70+2,37 mm bulundu. Tuberculum
conoideum’un medio-lateral ve supero-inferior boyutlari sirastyla 17,17+3,58 mm ve 7,59+1,38 mm
idi. Clavicula extremitas acromialis’i ile tuberculum conoideum’un merkezi arasindaki mesafe
34,43+5,41 mm olarak 6lgiildii. Linea trapezoidea’nin medio-lateral uzunlugu 16,69+2,73 mm
ve antero-posterior uzunlugu ise 9,61+1,80 mm idi. Clavicula extremitas acromialis’i ile linea
trapezoidea’nin merkezi arasindaki mesafe 18,15+2,80 mm olarak olgiildii.

Sonug¢: Bu calismadaki 6lgiimlere gore, ligamentum trapezoideum ve ligamentum conoideum
icin agilacak tiineller clavicula’nin extremitas acromialis’inden sirasiyla 18 mm ve 34 mm
medialde olusturulmalidir. Bu c¢alismadan elde edilen olgtimler, ligamentum
coracoclaviculare’nin anatomik rekonstriitksiyonunda bir kilavuz olarak kullanilabilir.
Anahtar kelimeler: Anatomik rekonstriiksiyon; tuberculum conoideum; ligamentum
coracoclaviculare; distal clavicula; morfometri; linea trapezoidea.
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INTRODUCTION

The acromioclavicular joint is stabilized by the effects of
the coracoclavicular ligaments and the capsule of the
acromioclavicular joint. The coracoclavicular ligament
restricts the distal clavicle's superior translation relative to
the scapula (1,2). The coracoclavicular ligament is used
effectively in various sports, particularly those involving
significant shoulder activity and contacts, such as lacrosse,
weightlifting, hockey, rugby, football, baseball, tennis,
volleyball, and swimming (3,4). The coracoclavicular
ligament is composed of the conoid and trapezoid
ligaments and transmits the weight of the upper limb to the
clavicle (5,6). The conoid ligament courses nearly
vertically and attaches to the conoid tubercle, which is
posteromedial to the trapezoid line. The trapezoid ligament
attaches to the trapezoid line and angles anterolaterally
away from the conoid ligament (7).

Acromioclavicular joint injuries are common among
young athletes who engage in contact and overhead
sports (8,9). Several surgical techniques have been
described in the literature to treat the acromioclavicular
joint (8,10). Recently, there has been a trend toward the
anatomical reconstruction of the coracoclavicular ligament
using free graft (1,10). Anatomical reconstruction has
become popular due to successful clinical outcomes (11).
This technique necessitates drilling clavicular bone
tunnels and passing the graft through the clavicle and
coracoid process of the scapula. The most precise method
to restore the normal anatomy of the coracoclavicular
ligaments involves creating bone tunnels at the residual
stumps of the ruptured ligaments (1,10-12). Creating bone
tunnels necessitates accurate morphometry of the conoid
tubercle and trapezoid line. Therefore, the present study
aimed to evaluate the morphometry of the conoid tubercle
and the trapezoid line in order to create bone tunnels
accurately for anatomical coracoclavicular ligament
reconstructions.

MATERIAL AND METHODS

The present study was performed on 88 human dry
clavicles which were obtained from the Department of
Anatomy, Faculty of Medicine, Hacettepe University.
Eleven clavicles with gross deformities were excluded
from the study. Eventually, 77 human dry clavicles (39
right sides, 38 left sides) were examined. However, the
sex and age of the bones used in the study were not
known.

Measurements were performed using a digital caliper (150
mm, Insize 1195 IP 67 Waterproof Digital Calipers) and
an outside diameter digital thickness gauge. Before
measuring, the caliper and thickness gauge were
calibrated. The boundaries of the conoid tubercle and
trapezoid line were determined by following the rough
footprints of the conoid and trapezoid ligaments. The
measurements were carried out independently by two
different researchers and an inter-rater reliability
coefficient was >0.90 for all the parameters.

This study was performed in line with the principles of the
Declaration of Helsinki. Consent to participate is not
applicable for this study. Ethical approval for this study
was obtained from the Health Sciences Research Ethics
Committee of Hacettepe University (21 May 2024, SBA
24/549, 2024/09-18).
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Quantitative Assessment of the Distal Clavicle

The measurements examined in the study were: i) the
clavicle length: straight distance between the acromial and
sternal ends of the clavicle (Figure 1). ii) supero-inferior
thickness of the distal clavicle, measured from the midpoint
between the conoid tubercle and trapezoid line (Figure 2A).
iii) antero-posterior width of the distal clavicle, measured
from the midpoint between the conoid tubercle and trapezoid
line (Figure 2B). iv) the medio-lateral (Figure 3, EF), and
v) the supero-inferior (Figure 3, GH) dimensions of the
conoid tubercle. vi) distance between the clavicle acromial
end and the center of the conoid tubercle (Figure 4, Z line).
vii) a ratio calculated by dividing the distance from the
clavicle acromial end to the conoid tubercle by the clavicle
length. viii) the medio-lateral (Figure 3, AB) and ix) the
antero-posterior (Figure 3, CD) dimensions of the trapezoid
line, x) distance between the clavicle acromial end and the
center of the trapezoid line (Figure 4, X line). xi) a ratio
calculated by dividing the distance from the clavicle
acromial end to the trapezoid line by the clavicle length.
xii) distance between the center of the conoid tubercle and
the center of the trapezoid line (Figure 4, Y line).
Statistical Analysis

Statistical analysis was performed using IBM SPSS
version 21. The variables were assessed by histogram and
Kolmogorov-Smirnov/Shapiro-Wilk methods for testing
normal distribution. As they were normally distributed, the

Figure 1. Inferior view of the left clavicle. Clavicle length
is a straight distance between the sternal and acromial ends
of the clavicle. The inferior view of the acromial end
includes the conoid tubercle for the conoid ligament and
the trapezoid line for the trapezoid ligament

Figure 2. A) Supero-inferior thickness of the distal
clavicle, measured from the midpoint between the conoid
tubercle and trapezoid line, and B) antero-posterior width
of the distal clavicle, measured from the midpoint between
the conoid tubercle and trapezoid line utilizing an outside
diameter digital thickness gauge
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Figure 3. An inferior view of the left clavicle demonstrates
the measurements of the trapezoid line and conoid
tubercle, AB) medio-lateral and CD) antero-posterior
dimensions of the trapezoid line, EF) medio-lateral and
GH) supero-inferior dimensions of the conoid tubercle

descriptive statistics were reported as meantstandard
deviation. The groups were compared using the Student's
t-test, and correlation analysis was conducted using
Pearson's correlation. A p-value of less than 0.05 was
considered statistically significant, and analyses were
conducted using a 95% confidence interval.

RESULTS

In the present study, 77 human dry clavicles (39 right
sides, 38 left sides) were examined. The mean clavicle
length was found to be 138.37+10.69 mm. The mean
supero-inferior thickness of the distal clavicle was measured
as 9.46+1.36 mm on the right side, 8.69+1.92 mm on the left
side, and 9.08+1.69 mm in general. There was a statistically
significant difference in supero-inferior thickness of the
distal clavicle between sides and right supero-inferior
thickness was 0.77 mm thicker than the left side (p=0.044).
The mean antero-posterior width of the distal clavicle was
found to be 17.70+2.37 mm. Detailed measurements of
these parameters were summarized in Table 1.

The mean value of the medio-lateral dimension of the
conoid tubercle was 17.17+3.58 mm and the supero-inferior
dimension was 7.59+1.38 mm. The mean distance between
the clavicle acromial end and the center of the conoid

Table 1. Morphometric measurements of the distal clavicle

Quantitative Assessment of the Distal Clavicle

Figure 4. The inferior view of the left clavicle shows the
distances between X) the clavicle acromial end and the
center of the trapezoid line, Y) the center of the conoid
tubercle and the center of the trapezoid line, and Z) the
clavicle acromial end and the center of the conoid tubercle

tubercle was found to be 36.70+5.00 mm on the right side,
32.10+4.83 mm on the left side, and 34.43+5.41 mm in
general. There was a statistically significant difference
between sides and the right side was 4.60 mm longer than
the left side (p<0.001). A ratio representing the distance
from the clavicle acromial end to the conoid tubercle
divided by the clavicle length was calculated as 0.26+0.03
on the right side, 0.23+0.03 on the left side, and 0.25+0.03
in general. There was a statistically significant difference
in ratios between sides (p<0.001). Detailed measurements
of these parameters were summarized in Table 2.

The mean value of the medio-lateral dimension of the
trapezoid line was 16.69+2.73 mm and, the antero-posterior
dimension was 9.61+1.80 mm. The mean distance between
the clavicle acromial end and the center of the trapezoid
line was found to be 18.15+2.80 mm. A ratio representing
the distance from the clavicle acromial end to the
trapezoid line divided by the clavicle length was calculated
as 0.13+0.02. There was no statistical difference between
the sides in the measurements of the trapezoid line. The
mean distance between the center of the conoid tubercle
and the center of the trapezoid line was measured as
18.70+3.11 mm. Detailed measurements of these
parameters were summarized in Table 3.

Measurements Right (n=39)

Left (n=38) p General (n=77)

139.44+10.11

137.27+£11.27 138.37+£10.69

Clavicle length (mm) (116.77-156.09) (111.40-160.12) 0.375 (111.40-160.12)
Supero-inferior thickness of the 9.46+1.36 8.69+1.92 0.044 9.08+1.69
distal clavicle (mm) (6.58-12.52) (6.40-17.60) ' (6.40-17.60)
Antero-posterior width of the 18.19+2.25 17.20+2.40 0.065 17.70+£2.37
distal clavicle (mm) (13.50-23.37) (12.63-22.63) ' (12.63-23.37)
Table 2. Morphometric measurements of the conoid tubercle

Measurements Right (n=39) Left (n=38) p General (n=77)
Medio-lateral dimension of the 17.80+3.92 16.52+3.11 0.115 17.1743.58
conoid tubercle (mm) (12.20-30.63) (11.10-23.42) ’ (11.10-30.63)
Supero-inferior dimension of 7.71+1.31 7.47+1.45 0.443 7.59+1.38
the conoid tubercle (mm) (4.36-10.20) (4.74-10.27) ' (4.36-10.27)
aDc'igiggzl gﬁgwaeﬁg ::2 gﬁ]‘&cr'eof 36.70+5.00 32.10+4.83 <0001 34432541
the conoid tubercle (mm) (24.55-48.11) (23.26-41.24) (23.26-48.11)
Distance from acromial end to 0.26+0.03 0.23+0.03 <0.001 0.25+0.03
conoid/clavicle length (0.19-0.32) (0.18-0.29) ' (0.18-0.32)
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Table 3. Morphometric measurements of the trapezoid line

Quantitative Assessment of the Distal Clavicle

Measurements Right (n=39) Left (n=38) p General (n=77)
. . . - 17.29+2.80 16.08+2.54 16.69+2.73
Medio-lateral dimension of the trapezoid line (mm) (12.01-23.41) (10.48-20.45) 0.051 (10.48-23.41)
Antero-posterior dimension of trapezoid line (mm) (fggj?s%;) (gggiﬁgﬁ) 0.292 (386;3;13%%)
Distance between the clavicle acromial end and 18.66+2.41 17.62+3.09 0.101 18.15+2.80
the center of the trapezoid line (mm) (14.13-25.30) (11.93-25.28) ' (11.93-25.30)
Distance from clavicle acromial end to trapezoid 0.13+0.02 0.13+0.02 0.150 0.13+0.02
line/clavicle length (0.11-0.17) (0.09-0.16) ' (0.09-0.17)
Distance between the center of the conoid 18.58+3.05 18.82+3.20 0.738 18.70+3.11

tubercle and the center of the trapezoid line (mm)

(13.32-27.48)

(10.06-25.60) (10.06-27.48)

There was a significant moderate and positive correlation
between the medio-lateral dimension of the conoid
tubercle and the medio-lateral dimension of the trapezoid
line (r=0.447, p<0.001). While no significant correlation
was found between the supero-inferior dimension of the
conoid tubercle and the antero-posterior dimension of the
trapezoid line (r=0.125, p=0.278).

DISCUSSION

Acromioclavicular joint injuries commonly affect young
athletes and are often caused by direct trauma to the lateral
aspect of the shoulder or acromion process with the arm in
adduction (6). Acromioclavicular joint injuries can also be
caused by falling on an outstretched hand or elbow (13).
More than 60 surgical procedures have been identified for
treating acromioclavicular joint injuries, and their
application is supported by hundreds of biomechanical and
anatomical investigations (14). Anatomical reconstruction
of the coracoclavicular ligaments has become popular in
recent years due to successful clinical outcomes. With this
technique, the residual stumps of the ruptured ligaments
are punctured, and synthetic materials or grafts are inserted
through them to restore the coracoclavicular ligaments as
distinct anatomical structures (15).

Traditionally, in the anatomical reconstruction technique,
trapezoid and conoid tunnels are created 25 and 45 mm
medial to the lateral edge of the clavicle, respectively (6,16).
After some failures were reported with this technique, it
was suggested that clavicular tunnels should be placed
according to the “tunnel ratio”. This ratio is calculated by
dividing the distance from the lateral edge of the clavicle
to the center of the conoid tubercle/trapezoid line by the
total clavicular length (1). In this surgical technique, it has
been reported that using a ratio of 0.20-0.25 for the conoid
tunnel and a ratio of 0.13-0.16 for the trapezoid tunnel
provides higher survival (17). Clavicular tunnels placed
outside of these ratios have been related to the failure of
this technique (17,18). Anatomical reconstruction by
creating clavicular tunnels requires accurate knowledge of
the distances and ratios of the conoid tubercle and
trapezoid line, and therefore, in this study, the
morphometry of the conoid tubercle and trapezoid line was
evaluated in detail.

Clavicle Length: The clavicle length was measured as
150 mm by Boehm et al. (19), 141.3 mm by Chahla et al. (20),
139.949.4 mm by Xue et al. (21) on 172 cadaver
shoulders, 149.4+10.3 mm by Bernat et al. (22), 149+9.1 mm
by Rios et al. (1), 148.57+12.63 mm by Ominde et al. (23)
on 180 human dry clavicles, 156.87+9.75 mm on males
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and 145.79+7.95 mm on females by King et al. (24). In the
present study, the clavicle length between the sternal and
acromial ends was measured as 138.37+10.69 mm and no
difference was found between sides. The clavicle length
found in the present study was in accordance with the
previous studies (Table 4).

Supero-Inferior Thickness of Distal Clavicle: The
thickness of the distal clavicle is crucial to predict how
much graft will be in the clavicle tunnels and to design a more
appropriate interference screw for anatomical reconstruction
technique. The supero-inferior thickness of the distal
clavicle was found to be 11.4+1.6 mm by Rios et al. (1),
10.09+2.36 mm by Ominde et al. (23), and 10.31 mm by
Daruwalla et al. (25). King et al. (24) examined 418
clavicles and measured the clavicle height at the middle of
the acromial third as 10.56+1.96 mm on males and
9.74+1.65 mm on females. In the present study, the
supero-inferior thickness at the midpoint between the conoid
tubercle and trapezoid line was measured as 9.08+1.69 mm,
which was consistent with the literature (Table 4). When
determining the graft length and tension, it is needed for
approximately 1 cm of the graft to be positioned within the
distal clavicle tunnel.

Antero-Posterior Width of Distal Clavicle: The lateral
aspect of the distal clavicle is relatively narrow and
rectangular in shape. Renfree et al. (26) evaluated 41
clavicles and measured the antero-posterior width of the
distal clavicle as 26.7+2.7 mm in males and 21.5£2.7 mm
in females. Rios et al. (1) analyzed 120 human dry
clavicles and measured the antero-posterior thickness as
19.2+2.8 mm. Daruwalla et al. (25) evaluated 27 human
clavicles and measured the acromial width as 21.24 mm on
the left and 21.91 mm on the right side. King et al. (24)
examined 418 clavicles using CT imaging and found the
clavicle width at the middle of the acromial third to be
18.26+3.04 mm in males and 15.14+2.53 mm in females.
Antero-posterior width of the distal clavicle was measured
as 17.70+2.37 in the present study, and thus this result was
convenient with the studies performed by Rios et al. (1)
and King et al. (24). Our result was narrower than the
studies done by Daruwalla et al. (25) and Renfree et al. (26).
Differences in distal clavicle width measurements across
studies may be due to differences in geographical regions
and measurements methods.

Conoid Tubercle: The conoid tubercle is the prominent
eminence placed on the lateral part of the clavicle inferior
aspect. It serves as an attachment point for the conoid ligament
and is situated between the trapezoid line and the subclavius
muscle groove (5). Morphometric features of the conoid
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tubercle are important for the anatomical coracoclavicular
reconstruction. Takase (27) dissected 40 shoulders of 20
cadavers and measured the sagittal (medio-lateral)
dimension of the conoid ligament footprint as 17.4 mm and
the coronal (antero-posterior) dimension of the conoid
ligament footprint as 5.4 mm. Harris et al. (28) dissected
24 shoulder specimens and measured the width of the
conoid ligament footprint as 20.6+3.6 mm. Xue et al. (21)
performed a dissection on 172 shoulders and measured the
medio-lateral dimension of the conoid ligament as
13.1+2.2 mm, and antero-posterior dimension 6.0+1.4 mm.
Rios et al. (1) dissected 19 fresh-frozen cadaveric shoulders
and measured the width of the conoid ligament footprint as
25.3+4.9 mm. In the present study, the medio-lateral
dimension of the conoid tubercle was measured as
17.17+3.58, similar to the studies of Xue et al. (21),
Takase (27), and Harris et al. (28). Our result was lower
than Rios et al. (1)’s study. This difference may be due to
the difference in geographical regions and measurement
methods. Cadaveric studies, of course, give more precise
results in the measurements of ligaments, while only the
footprints of the ligaments can be measured in human dry
bone studies. Therefore, we only measured the footprints
of the ligaments in the present study and this is a limitation.
In the present study, the supero-inferior dimension of the
conoid tubercle was found to be 7.59+1.38 mm in
accordance with previous studies (Table 5).

The origins of the coracoclavicular ligaments with respect
to the distal end of the clavicle are crucial for successful
anatomical reconstruction of the coracoclavicular
ligaments. The distance from the clavicle acromial end to
the center of the conoid tubercle has been examined by
several authors. This distance was found to be 35.0+5.9 mm
by Rios et al. (1), 35.7+3.4 mm by Xue et al. (21),
39.52+5.93 mm by Ominde et al. (23), and 36.6+0.9 mm
by Zhu et al. (29). The ratio calculated by dividing the
distance from the clavicle lateral edge to the conoid
tubercle by the length of the clavicle was found 0.24 by
Rios et al. (1), 0.25 by Xue et al. (21), and 0.27 by
Ominde et al. (23). In the present study, this distance was
measured as 34.43+5.41 mm and the ratio was found to be
0.25+0.03, similar to the previous studies (Table 5).
According to the measurements of the present study, for
making reconstruction of the conoid ligament in as an
anatomical position as possible, the conoid tunnel on the
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clavicle should be created 34 mm medial from the acromial
end of the clavicle and at a ratio of 0.25.

Trapezoid Line: The trapezoid line is the narrow ridge
found on the lateral part of the inferior face of the clavicle.
It serves as an attachment point for the trapezoid ligament
and extends anterolaterally from the conoid tubercle (5).
Morphometric properties of the trapezoid line are
important in  performing  successful  anatomical
reconstruction. Medio-lateral dimension of the trapezoid
ligament was found to be 11.8+1.0 mm by Rios et al. (1),
14.7+2.0 mm by Xue et al. (21), 18.5 mm by Takase (27),
and 21.7+4.0 mm by Harris et al. (28). In the present study,
medio-lateral dimension of the trapezoid line was
measured as 16.69+2.73 mm, similar to the studies of
Xue et al. (21) and Takase (27). Our result was wider than
Rios et al. (1)’s study and narrower than the study of
Harris et al. (28). This discrepancy might result from
different measurement techniques and conducting studies
in different geographic locations. Antero-posterior
dimension of the trapezoid ligament was found to be
8.24+2.5 mm by Xue etal. (21), and 15.4 mm by Takase (27).
In the present study, the antero-posterior dimension of the
trapezoid line was found to be 9.61+1.80 mm (Table 6) in
accordance with the study of Xue et al. (21).

Accurate knowledge of the trapezoid ligament attachment
sites is required for successful anatomical coracoclavicular
ligament reconstruction. The distance between the clavicle
acromial end and the center of the trapezoid line was found
to be 24.9+£3.8 mm on dry clavicles and 25.9+£3.9 mm on
cadaveric shoulders by Rios et al. (1), 21.842.7 mm by
Xue et al. (21), 17.96+3.42 mm by Ominde et al. (23), and
21.741.1 mm by Zhu et al. (29). In the present study, this
distance was measured as 18.15+2.80 mm, similar to the
previous studies (Table 6). Our result was lower than the
study of Rios et al. (1). The ratio calculated by dividing the
distance from the clavicle acromial end to the trapezoid
line by the length of the clavicle was found to be 0.17 by
Rios et al. (1), 0.15 by Xue et al. (21), and 0.12 by
Ominde et al. (23). The ratio was found to be 0.13+0.02 in
the present study in accordance with the previous studies.
According to the measurements of the present study, for
making reconstruction of the trapezoid ligament in as an
anatomical position as possible, the trapezoid tunnel on the
clavicle should be created 18 mm medial from the acromial
end of the clavicle and at a ratio of 0.13.

Table 4. Length, thickness, and width of the clavicles in previous studies

Supero-inferior Antero-posterior

n Method Clavicle length (mm)  thickness of the width of the distal
distal clavicle (mm) clavicle (mm)

Rios et al. (1) 120 Dry clavicles 149.0£9.1 11.4+1.6 19.242.8
Boehm et al. (19) 36 Cadaver shoulder 150 - -
Chahla et al. (20) 10 Fresh-frozen shoulder 141.3 - -
Xue et al. (21) 172 Cadaver shoulder 139.9+9 .4 - -
Bernat et al. (22) 68 Cadaver shoulder 149.4+10.3 - -
Ominde et al. (23) 180 Dry clavicles 148.57+12.63 10.09+2.36 -
ingetal.24) g g, Computedtomogrephy 3000 fys 151402.8
Daruwalla et al. (25) 27 Cadaver clavicles - 10.31 21.58
Renfree et al. (26) 41 Cadaver clavicles - - 24.1+2.7
Present study 77 Dry clavicles 138.37+10.69 9.08+1.69 17.70+2.37
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Table 5. Measurements of the conoid tubercle in previous studies

Medio-lateral Supero-inferior Distance between the Distance from
n Method dimension of  dimension of  clavicle acromial end  acromial end to
the conoid the conoid and the center of the conoid/clavicle
tubercle (mm) tubercle (mm)  conoid tubercle (mm) length
Riosetal. (1) 19 Cadaver shoulder 25.3+4.9 - 35.0+5.9 0.24+0.03
Xue etal. (21) 172 Cadaver shoulder 13.1+2.2 6.0+1.4 35.7+3.4 0.25
Ominde et al. (23) 180 Dry clavicles - - 39.5245.93 0.27
Takase (27) 40 Cadaver shoulder 174 54 - -
Harris et al. (28) 24 Cadaver shoulder 20.6+3.6 - - -
Zhu et al. (29) 40 Cadaver shoulder - - 36.6+0.9 -
Present study 77 Dry clavicles 17.17+3.58 7.59+1.38 34.43+5.41 0.25+0.03

Table 6. Measurements of the trapezoid line in previous studies

Medio-lateral Antero-posterior Distance between the Distance from
n Method dimension of  dimension of  clavicle acromial end  acromial end to
the trapezoid  the trapezoid  and the center of the trapezoid/clavicle
line (mm) line (mm) trapezoid line (mm) length
. 120 Dry clavicles - - 24.9+3.8 0.17+0.03
Rios etal. (1) 19 Cadaver shoulder 11.8+1.0 - 25.9+3.9 0.17+0.02
Xue etal. (21) 172 Cadaver shoulder 14.7+2.0 8.2+2.5 21.8+2.7 0.15
Ominde et al. (23) 180 Dry clavicles - - 17.96+3.42 0.12
Takase (27) 40 Cadaver shoulder 18.5 15.4 - -
Harris et al. (28) 24 Cadaver shoulder 21.7+4.0 - - -
Zhu et al. (29) 40 Cadaver shoulder - - 21.7+1.1 -
Present study 77 Dry clavicles 16.69+2.73 9.61+1.80 18.15+2.80 0.13+0.02
CONCLUSION

There is limited knowledge in the literature about the
distance between the conoid tubercle and the trapezoid
line. Chahla et al. (20) dissected 10 fresh-frozen cadaveric
shoulders and measured the distance between the centers
of the trapezoid and conoid ligament attachments as 16.2
mm. In the present study, the distance between the center
of the conoid tubercle and the center of the trapezoid line
was found to be 18.70+3.11 in accordance with the study
of Chahla et al. (20). According to the present study, there
should be a distance of 18 mm between the conoid and
trapezoid tunnels to make an anatomical reconstruction.
Study Limitations

The present study has some limitations inherent to a human
dry bone design. Since the present study was performed on
dry bone, measurements were taken from clavicles devoid
of soft tissue, making it difficult to know exactly where the
ligament was attached. Consequently, the footprints of
ligaments would not be entirely precise in comparison to
cadaveric research. The anatomical structures on the
human dry clavicles may have been eroded because they
are also used in student education. The other limitation is
that this study was conducted with bones of unknown age
and sex. Therefore, the effects of age and sex on the
measured parameters could not be evaluated. Finally, this
sample from a south-Mediterranean population may not be
generalized. Further studies performed on cadavers and
radiologic images should be planned for evaluating these
sex, age, and geographical differences in distal clavicle
morphometry.

Duzce Med J, 2025;27(1)

Morphometric features of the distal clavicle are significant
for anatomical reconstruction of the coracoclavicular
ligament. According to our measurements, the conoid
tunnel should be created 34 mm medial from the lateral
edge and at a ratio of 0.25. The trapezoid tunnel should be
created 18 mm medial from the lateral edge and at a ratio
of 0.13 to achieve a successful anatomical reconstruction
of the coracoclavicular ligaments. The distance between
the tunnels to be created for the conoid and trapezoid
ligaments should be 18 mm. The measurements obtained
in this study can be used as a guide for coracoclavicular
ligament reconstruction.
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Merkez Deneyimi

ABSTRACT

Aim: This study aimed to evaluate neuromuscular damage in the patients affected by the
earthquakes that struck Kahramanmarag, Turkiye.

Material and Methods: Patients referred to the electrodiagnostic (EDx) laboratory between
February and August 2023, who were trapped under rubble, were included in this study.
Demographic data, clinical information (renal failure, serum creatine kinase level, and time
spent under the rubble), and EDx results were analyzed.

Results: Thirty-seven patients were included, while three patients with normal nerve
conduction studies were excluded. Two (5.9%) of the 34 patients exhibited neurogenic and
myogenic changes on EDx performed on days 24 and 25 post-trauma. In the remaining
patients, neurogenic changes were observed, with 18 (52.9%) having peripheral nerve injury,
10 (29.4%) having plexopathy, 1 (2.9%) showing root involvement, and 5 (14.7%) of those
with peripheral nerve injury presenting with complex involvement. Complete axonal damage
was unrelated to the duration spent under the rubble (p=0.294). The presence of regeneration
motor unit action potentials (MUAPS) was found statistically significantly related to the timing
of the electromyography (EMG) performed (p=0.003), with the earliest regeneration findings
observed on day 35. No statistically significant difference was found in the time spent under
the rubble according to the regeneration presence (p=0.129).

Conclusion: This study shows that earthquake injuries primarily result in multiple peripheral
nerve injuries. The regeneration MUAP occurrence was not related to the duration spent under
the rubble. In addition, myogenic and neurogenic MUAPS may appear on EMG in neurogenic
injuries caused by compartment syndrome.

Keywords: Earthquake; electromyography; myogenic; neurogenic; peripheral nerve injury.

0z

Amag: Bu calismanin amaci, Kahramanmarag, Tirkiye’de meydana gelen depremlerden
etkilenen hastalarda ndromiiskiiler hasarin degerlendirmektir.

Gere¢ ve Yontemler: Bu calismaya, Subat ve Agustos 2023 tarihleri arasinda
elektronéromiyografi (ENMGQG) laboratuvarina yonlendirilen ve enkaz altinda kalmis olan
hastalar dahil edilmistir. Demografik veriler, klinik bilgiler (bobrek yetmezligi, serum kreatin
kinaz diizeyi ve enkaz altinda gegirilen siire) ve ENMG sonuglart analiz edilmistir.

Bulgular: Otuz yedi hasta ¢alismaya dahil edilirken, sinir iletim ¢alismalar1 normal olan ti¢
hasta galigma dis1 birakildi. Travma sonrasi 24. ve 25. giinlerde yapilan ENMG’de 34 hastanin
ikisinde (%5,9) norojenik ve miyojenik degisiklikler goriildi. Geri kalan hastalarda ise
norojenik degisiklikler gézlenmis olup, 18 (%52,9)’inde periferik sinir hasari, 10 (%29,4)’unda
pleksopati, 1 (%2,9)’inde kok tutulumu ve periferik sinir hasart olanlarin 5 (%14,7)’inde
kompleks tutulum izlendi. Tam aksonal hasarin enkaz altinda gegirilen siire ile iliskisi
bulunmadi (p=0,294). Rejenerasyon motor tnitesi aksiyon potansiyellerinin (MUAPS)
varliginin yapilan elektromiyografi (EMG) zamanlamast ile istatistiksel olarak anlamlr iligkili
oldugu (p=0,003) ve en erken rejenerasyon bulgularinin 35. giinde gozlendigi bulundu.
Rejenerasyon varligina gore enkaz altinda gecen siirede istatistiksel olarak anlamli bir fark
bulunmad: (p=0,129).

Sonug¢: Bu calisma, deprem yaralanmalariin dncelikle ¢oklu periferik sinir yaralanmalarina
neden oldugunu gostermektedir. Rejenerasyon MUAP olusumu enkaz altinda gegirilen siire ile
iligkili degildir. Ek olarak, kompartiman sendromunun neden oldugu norojenik yaralanmalarda
EMG'de miyojenik ve nérojenik MUAP'lar goriilebilir.

Anahtar kelimeler: Deprem,; elektromiyografi; miyojenik; ndrojenik; periferik sinir hasari.
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INTRODUCTION

On February 6, 2023, two main earthquakes with
magnitudes of 7.8 and 7.6, respectively, occurred nine
hours apart in the Kahramanmaras region of southeastern
Turkey, according to the Kandilli Observatory and
Earthquake Research Institute (1). Besides the two largest
earthquakes, several other earthquakes with magnitudes
between 4.0 and 6.6 occurred throughout the day. Too
many people were trapped under the rubble. Crush
syndrome, loss of extremities, or paralysis occurred due to
the entrapment of limbs or other parts of the body.

The electrodiagnostic studies (EDx), which contain motor
and sensory nerve conduction studies (NCSs) and needle
electromyography (EMG) examination, are one of the
important tools to diagnose nerve injury. In addition, it
gives information about lesion localization, severity of
nerve injury, and occurrence of regeneration according to
the special time spaces (2). If the axonal loss or Wallerian
degeneration has not occurred, the compound muscle
action potential (CMAP) should be normal. The amplitude
of the CMAP occurred by distal stimulation will start to
fall approximately at day three and reach the lowest level
approximately at day nine, and it will disappear by
complete axon loss, however the actual time course
depends on the length of the distal nerve segment between
the lesion and the muscle (3). Wallerian degeneration in
sensory fibers has occurred about 11 days post-injury,
which is longer than motor NCSs due to the earlier failure
of neuromuscular junction transmission (4). The
spontaneous activity in EMG, which includes fibrillation
potentials (FPs) and positive sharp waves (PSWSs) are
occurs according to the length between the injury and the
distal nerve stump. If it is short, the FPs develop in only
10-14 days; if it is longer, 3-4 weeks are required for the
development of FPs and PSWs (5). The motor unit action
potentials (MUAPS) are not recorded in the complete
axonal loss, while reduced or discrete recruitment with
normal MUAPs morphology are recorded in the
incomplete axonal loss at the beginning, and are followed
by the increased percentage of polyphasy, prolonged
duration, and increased amplitude of MUAPs (6). The
regeneration occurs along the distal nerve segment at a rate
of about 1 mm/day (7). The timing of EDx is decided by
considering these pathophysiological and
electrophysiological points. The studies reported that the
peripheral nerve injuries are the most frequent damage due
to an earthquake (8-10).

This study aimed to document findings of patients with
nerve injury who were referred to EDx laboratories.

MATERIAL AND METHODS

Patients and Procedures

Ethics committee approval was obtained from the clinical
research ethics committee of Basaksehir Cam and Sakura
City Hospital (dated 24.05.2023, and numbered 200).
EDx findings were evaluated in patients who had been
trapped under rubble following the earthquake and were
referred between February and August 2023, with
inclusion limited to those demonstrating pathological EDx
results. Patients with a history of polyneuropathy,
rheumatic disease, alcohol consumption, cervical and
lumbar radiculopathy, hereditary pressure-sensitive
neuropathy, myopathy, or any other traumatic sequelae
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were excluded from the study. Sensory and motor NCSs,
along with concentric needle electrode (CNE) findings,
were collected. Sensory NCSs were performed
antidromically, and the peak-to-peak amplitude was
considered. Sensory conduction velocity was evaluated
based on baseline distal latency. Both extremities were
evaluated, and the normal value was determined based on
the contralateral extremity if it was unaffected. If both
sides were affected, Shapiro's normal value was used as
the reference (11). The EDx examination was performed
by two different physicians (DMD, S$D) using three
distinct devices [Keypoint (Dantec, Denmark), Natus
(Nicolet Viking Quest, Synergy), and Cadwell (Sierra
Summit)] in the EMG laboratory of the Neurology Clinic
at Basaksehir Cam and Sakura City Hospital.

The EDx protocols were determined based on the
condition of the extremities. The EMG findings first
evaluated the localization of nerve damage. Lesions were
classified as root, plexus, or peripheral nerve injuries.
Peripheral nerve damage was further classified as
mononeuropathy or multiple peripheral neuropathy. The
frequency of affected peripheral nerves was also noted.
The duration of time spent under the rubble, serum creatine
kinase (CK) levels, history of renal failure, and presence
of fasciotomy history were noted. Patients under the age of
18 years were considered a pediatric age group.
Statistical Analysis

IBM SPSS version 26 was used for the statistical analysis.
Descriptive statistics were conducted to examine the
frequency distribution of nerve injuries. The Shapiro-Wilk
test was used for normality assumption for age, time of
EMG performed after trauma, time lying under rubble, and
serum CK level. Due to the non-normal distribution, the
median, interquartile range (IQR, Q3-Q1), and [min, max]
were presented. The Mann-Whitney U test was used to
compare numerical variables that did not show a normal
distribution, while Fisher's exact test was used to analyze
categorical data. Statistical significance was considered as
a p-value of <0.05.

RESULTS

Of the 2,170 patients affected by the earthquake who
applied to the Basaksehir Cam and Sakura City Hospital,
37 (1.71%) were referred to the EDx laboratory. Three
patients had normal NCSs and were excluded. Median age
of the remaining 34 patients was 25 (range, 6-76) years.
Eleven (32.4%) of the patients were in the pediatric age
group, and 23 (67.6%) of the patients were in the adult age
group (Table 1).

Regarding the localization of the damage, 52.9% (n=18) of
patients had peripheral nerve injury, 29.4% (n=10) of
patients had plexopathy, 2.9% (n=1) had root
involvement, in addition to complex involvement of the
peripheral nerve, plexus, and root in 14.7% (n=5).
Peripheral ~ nerve injuries were classified as
mononeuropathy in 39.1% (n=9) and as multiple nerve
injury in 60.9% (n=14). The most affected peripheral
nerve was the fibular nerve (40.9%, n=9), followed by the
tibial nerve (36.4%, n=8), ulnar nerve (27.3%, n=6), radial
nerve (27.3%, n=6), and median nerve. (22.7%, n=5),
sciatic nerve (18.2%, n=4), femoral nerve (4.5%, n=1), and
musculocutaneous nerves (4.5%, n=1), respectively.
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Table 1. Demographical and electromyographical results
Median (Q1-Q3)

n* -
[min-max]
25 (15-43)
Age (year) 34 [6-76]

. 47 (25-70)
Time of EMG after trauma (day) 34 [8-180]
The time lying under rubble (hour) 32 2[24(%1?)

279.5 (36-432)

Serum CK level (IU/L) 28 [11-10215]
Gender, n (%)

Female 34 20 (58.8)

Male 14 (41.2)
Age group, n (%)

Pediatric, <18 years 34 11 (32.4)

Adult, >18 years 23 (67.6)
Motor NCS, n (%)

Partial 34 14 (41.2)

No response 20 (58.8)
Sensory NCS, n (%)

Normal 1(2.9)

Partial 34 10 (29.4)

No response 23 (67.6)
CNE-spontaneous, n (%)

Normal 33 1(3.0)

Denervation potentials (PSW, FPs) 32 (97.0)
CNE-denervation scale, n (%)

1+ 0 (0.0)

2+ 25 6 (24.0)

3+ 19 (76.0)
CNE-MUAPs, n (%)

Neurogenic 34 32 (94.1)

Myogenic and neurogenic 2(5.9)
With Regeneration, n (%) 29 17 (58.6)
CNE-recruitment pattern, n (%)

No activity 32 28 (84.8)

Decreased 4 (12.2)
Distribution of nerve damage, n (%)

Upper Extremity 34 11 (32.4)

Lower Extremity 23 (67.6)
Fasciotomy, n (%) 34 22 (64.7)
Kidney Failure, n (%) 24 8(33.3)

*: number of patients the statistics were calculated, Q1-Q3: 25™-75" percentile,
EMG: electromyography, CK: creatine kinase, NCS: nerve conduction studies,
CNE: concentric needle electrode, PSW: positive sharp waves, FPs: fibrillation
potentials, MUAPs: motor unit action potentials

Two (5.9%) of 34 exhibited neurogenic and myogenic
changes in EMG that was performed on days 24 and 25 of
trauma. These two patients also had acute kidney failure
and elevated CK levels, which are 23000 and 111000 IU/L,
respectively. Myogenic changes were found in only two
patients with a history of renal failure. However, renal
failure was not statistically significantly related to either
myogenic MUAPs (100% vs 0.0%, p=0.101) or elevated
CKlevels (21.5 vs 13.96, p=0.212). Additionally, myogenic
MUAPs were not statistically significantly related to a
history of fasciotomy (0.0% vs 100%, p=0.212).

The results of motor and sensory NCVs and EMG
findings, as well as whether fasciotomy was performed
and whether kidney dysfunction was present, were
summarized in Table 1.

Distal total axonal damage was more prominent in the
lower extremities (75.0% vs 25.0%, p=0.033) compared to
the upper extremities. Complete axonal injury was not
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statistically significantly related to the duration of time
spent under the rubble (12.10 vs 16.75, p=0.294).

The presence of regeneration MUAPs was related to the
timing of EDx performed (18.94 vs 9.42, p=0.003). The
earliest day for the presence of regeneration was day 35.
Presence of regeneration MUAPs was not differed to the
duration time of underlying the rubble, localization of the
damage in upper or lower extremities, presence of renal
failure, and severity of axonal damage (16.07 vs 11.42,
p=0.129; 77.8 vs 50.0%, p=0.234; 25.0% vs 75.0%,
p=0.133; 100% vs 52.0%, p=0.121, respectively).

The pediatric and adult age groups did not differ in terms
of damage to the upper or lower extremities. Although
regeneration of MUAPs was higher in the pediatric group
compared to the adult group, this difference was not
statistically significant (87.5% vs. 47.6%, p=0.060).

DISCUSSION

The results of the study demonstrated early post-earthquake
neuromuscular damage. We primarily found neurogenic
changes due to peripheral nerve damage on EDx in
earthquake survivors. Complete axonal degeneration was
more prominent in the lower extremities compared to the
upper extremities, and the most affected nerve was the
fibular nerve. The fibular nerve may be more prone to
damage than other nerves due to its anatomical pathway.
On the other hand, one patient had demyelination of the
ulnar nerve at the elbow, possibly due to an inability to
protect the extremity’s position. According to the latest
studies on nerve injury resulting from earthquakes,
peripheral nerve injury is the most frequent type of
damage, which confirms the study results (8-10).

The regeneration MUAPs were recorded in 17 (58.6%)
patients, and was observed on day 35, which is the earliest
time in the study group. The severity of axonal damage,
the presence of kidney comorbidities, and the time spent
under the rubble did not relate to the presence of
regeneration MUAPSs. The timing of regeneration depends
on nerve length, with regeneration speed known to be
approximately 1 mm/day, and the earliest time is 30 days
for evaluating regeneration MUAPS, which is supported by
our results. The significance of regenerative MUAPS lies
in predicting that clinical improvement may begin earlier
than 2-3 months (12). Regeneration was observed at a
higher percentage in the pediatric age group compared to
the adult group (87.5% vs. 47.6%, respectively). However,
this difference was not statistically significant. These
results are similar to those reported after the Marmara
Earthquake (8). In the present study, only 9% of the pediatric
age group was referred for EDx laboratories before the 35t
day post-trauma, whereas 39% of the adult age group was
referred within the same period. The higher percentage of
regeneration in the pediatric group may be related to the
later referral of pediatric patients, as physicians may avoid
performing EMG on younger patients compared to adults.
Another reason may be the shorter nerve length in pediatric
patients compared to adult patients.

Two patients in this study had concomitant myogenic and
neurogenic changes. Other studies have not mentioned
myogenic changes in earthquake survivors. EMG
examinations were performed on the 24™-25" days after
being trapped, which is early for observing regenerative
MUAPs in the two patients who exhibited myogenic
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changes. The myogenic changes may be due to muscle
fiber damage or necrosis caused by insufficient blood
supply as a result of high compartmental pressure (13,14).
The extremities of these two patients were enlarged, with
thin, tense, and swollen skin; unfortunately, we did not
have the opportunity to measure the pressure in the
affected compartments. These two patients had spent eight
hours under the rubble, exhibited high CK levels, and
required hemodialysis due to rhabdomyolysis. Although
other patients whose EMG findings showed only
neurogenic changes had a history of fasciotomy, these two
patients with myogenic changes did not require fasciotomy
during their follow-up. Although it is difficult to draw
definitive conclusions from these two cases alone, we
speculate that the presence of both myogenic and
neurogenic changes does not necessarily indicate a need
for fasciotomy or a poor prognosis for all patients.
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ABSTRACT

Aim: Indirect immunofluorescence (IIF) on HEp-2 cells is the standard method for detecting
anti-nuclear antibodies (ANA) due to its high sensitivity. Recently, several artificial
intelligence-supported automated immunofluorescence systems have been developed to
improve standardization and efficiency in ANA detection using the IIF method. This study
aimed to evaluate the performance of the Concepta automated immunofluorescence system in
routine clinical settings for ANA testing using the I1IF method.

Material and Methods: A total of 1000 patient serum samples were analyzed using the
Concepta automated system after preparation with the iPRO processor. The results were
compared to manual evaluations conducted by two expert clinicians to assess the system's
agreement, sensitivity, specificity, and accuracy in pattern recognition.

Results: The Concepta system demonstrated an overall agreement of 98.11% with manual
evaluations for positive and negative discrimination, corresponding to a k value of 0.958. The
sensitivity and specificity were found to be 99.08% and 97.61%, respectively, with positive
and negative predictive values of 87.96% and 99.83%. High concordance rates were observed
for homogeneous (95.7%), centromere (92.3%), and nucleolar (92.1%) patterns, while lower
rates were noted for speckled (60%) and cytoplasmic (44.4%) patterns.

Conclusion: The Concepta automated system demonstrated very high accuracy in ANA
positive and negative discrimination, comparable to other automated systems. Despite some
limitations in recognizing dense fine speckled and mixed patterns, it proved particularly
effective in distinguishing between positive and negative results. These findings suggest that
the Concepta system is a promising new alternative in the field of ANA testing.

Keywords: Autoantibodies; antinuclear autoantibodies; immunofluorescence microscopy.

0z

Amag: Anti-niikleer antikorlarin (ANA) tanisinda HEp-2 hiicrelerinin kullanildig: indirekt
immiinofloresans (IIF) testi, yliksek duyarliligi nedeniyle standart yontemdir. Son yillarda, ITF
yontemi ile ANA tespitinde standardizasyonu ve verimliligi artirmak amaciyla yapay zeka
destekli birgok otomatik immiinofloresans sistemi gelistirilmistir. Bu c¢alismanin amacit,
otomatik immiinofloresans sistemi olan Concepta’nin, IIF yontemi kullanilarak ANA testinde
rutin klinik ortamlardaki performansini degerlendirmektir.

Gereg ve Yontemler: iPRO islemcisiyle hazirlanan toplam 1000 hasta serum 6rnegi, Concepta
otomatik sistemi kullanilarak analiz edildi. Sonuglar, iki uzman klinisyen tarafindan yapilan
manuel degerlendirmelerle karsilastirilarak sistemin uyumu, duyarliligi, 6zgiilliigli ve patern
tanimlama dogrulugu degerlendirildi.

Bulgular: Concepta sistemi, pozitif ve negatif ayrimda manuel degerlendirmelerle %98,11
genel uyum gosterdi ve k degeri 0,958 olarak hesaplandi. Duyarlilik ve 6zgiilliik sirasiyla
%99,08 ve %97,61 olarak belirlenirken, pozitif prediktif degerleri ve negatif prediktif degerleri
%87,96 ve %99,83 bulundu. Homojen (%95,7), sentromer (%92,3) ve niikleoler (%92,1)
paternlerde yiiksek uyum oranlari gézlemlenirken, benekli (%60) ve sitoplazmik (%44,4)
paternlerde uyum daha diistiktii.

Sonug: Concepta otomatik sistemi, ANA pozitif ve negatif ayriminda diger otomatik sistemlerle
kiyaslanabilir oldukga yiiksek bir dogruluk orani sergiledi. Concepta sisteminin yogun ince
benekli ve mix paternlerin taninmasinda bazi siirliliklar: bulunsa da 6zellikle pozitif ve negatif
sonugclar arasinda ayrim yapmada gosterdigi basar1 dikkat cekmektedir. Bu sonuglar, Concepta
sisteminin ANA testi alaninda umut verici yeni bir alternatif oldugunu géstermektedir.
Anahtar kelimeler: Otoantikorlar; antiniikleer antikor testi; immiinfloressan mikroskobi.
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INTRODUCTION

Autoimmune diseases can occur through various
mechanisms. One of these mechanisms is the production
of autoantibodies, by which the immune system attacks an
individual's structural antigens and creates a pathological
response (1). Autoantibodies that target nuclear and
cytoplasmic antigens, commonly known as anti-nuclear
antibodies (ANA), are crucial diagnostic markers for
systemic autoimmune rheumatic diseases. These diseases

include systemic lupus erythematosus, rheumatoid
arthritis, systemic sclerosis, Sjogren’s syndrome,
idiopathic inflammatory myopathies, and systemic

vasculitis (2,3).

Indirect immunofluorescence (I1F) on HEp-2 cells remains
the favored approach for ANA screening. The remarkable
sensitivity of ANA assessment using IIF enables the
detection of over 50 antibodies. Consequently, this method
is an indispensable tool for identifying systemic
autoantibodies during the initial stages of diagnostic
procedures (4).

In the ANA test, 30 different classes have been defined
based on image differences (5). The International
Consensus on Anti-nuclear Antibody Patterns has a web
portal (www.anapatterns.org) that includes the classification
and image examples (6). Furthermore, the variability of I1F
is significantly influenced by biological factors (such as
sample preparation, antigen expression, and disease
heterogeneity) and non-biological factors (including
laboratory procedures, observer subjectivity, and CAD
system algorithms), which poses a challenge to the
standardization of IIF (7,8). The results may differ when
specialized physicians evaluate IIF images. The specialist
physician can examine the image with manual
microscopes, but commercial automated products that
include a decision support system in their structure can
also perform image analysis in their structure (3).
Advancements in technology have led to the development
of automated IIF systems. These systems utilize artificial
intelligence to process and recognize digitized fluorescent
images automatically. Using a standardized approach,
patterns are classified to facilitate computer-aided
diagnosis, including automatic positive and negative
discrimination and pattern interpretation. In these systems,
high-resolution digital images captured using precision
cameras and integrated automatic microscopes are
analyzed by computer-aided systems. Numerous automated
systems are currently available (9). Computer-aided
systems and artificial intelligence are becoming
increasingly present in our lives. In the IIF evaluation,
automated systems are becoming increasingly crucial in
immunology laboratories.

We evaluated the performance of a system that is an
automatic system recently used in Tiirkiye. In this context,
this study analyzed the performance of the automated
system in ANA IIF testing. The evaluation focused on the
ability of the systems to distinguish between positive and
negative results and to identify various anti-nuclear
antibody patterns.

To achieve this goal, we studied 1000 routine patient
samples that were sent to the laboratory and evaluated the
results. To evaluate the performance of automated systems
in real life, we planned the study on routine patients, not
on a predefined patient group.
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MATERIAL AND METHODS

Between November 2023 and February 2024, 1000 serum
samples that were sent to the laboratory to analyze ANA
patterns using IIF were studied. For ANA detection,
iPRO (BioSystems, Barcelona, Spain) was used for sample
preparation, and Concepta (BioSystems, San Giovanni
Valdarno, Italy) for automated evaluation. iPRO is a fully
automated IIF processor. Samples are loaded to the
processor with racks. The system will scan barcodes
automatically. Test assignments can be programmed
manually or sent by the laboratory information system.
According to the programmed worklist, necessary
dilutions are prepared automatically, samples can be
unloaded from the device, and another group of samples
can be loaded. At the session's end, laboratory
professionals must pick the slides up, dispense mounting
medium, and close coverslips. After closing the coverslips,
slides are placed in the Concepta automated microscope
and evaluation device. Concepta is an automated in vitro
diagnostic system that reads, displays, and archives slides
containing 1IF assays from patient serum or plasma
samples. The system provides positive/uncertain/negative
results for the HEp-2 test that must be confirmed by expert
laboratory personnel or physicians and provides aid for
pattern identification through the automatic recognition of
the HEp-2 patterns: Homogeneous, speckled, centromere,
nuclear dots, nucleolar, cytoplasmic, and cytoplasmic
AMA-like. Concepta only identifies a single pattern. In
mixed patterns, it identifies only one pattern. Although it
provides a value based on fluorescence intensity, it cannot
determine the titer based on this intensity.

All samples finalized with Concepta were evaluated by
two experienced experts separately on the system screen.
Internal quality controls, both positive and negative, were
performed in each study. In addition, our laboratory
participates in two external quality assurance programs
(Institute for Quality Assurance Liibeck and UK NEQAS).
This research was approved by the Ethics Committee of
Bagaksehir Cam and Sakura City Hospital with approval
date/number: 2024-62.

Statistical Analysis

IBM SPSS version 27 statistical program for Mac was used
for statistical evaluation, and descriptive information was
shown using number and percentage distributions. The
percentages of agreement and « coefficients were
calculated to determine the agreement between the
automated system and the manual expert evaluation.

RESULTS

A total of 1000 serum samples sent to the immunology
laboratory for routine ANA testing were analyzed. 47
samples were excluded from the study due to repetition,
dilution requirements, or inter-observer variability in
pattern identification during manual evaluation.

Of the 953 samples analyzed by the expert physicians, 326
were positive, and 627 were negative. The percentage of
agreement between Concepta and the expert assessment in
the positive-negative discrimination is 98%, indicating a
near-perfect match (Table 1).

Concepta's analytical sensitivity and specificity were
99.08% and 97.61%, respectively, while the positive and
negative predictive values were 87.96% and 99.83%,
respectively (Table 2). Of the 326 positive samples, 29 had
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Table 1. Compatibility between Concepta and expert assessment

Concepta
— - Total Agreement (%) K value (95% CI)
Positive (%0) Negative (%0)
E " Positive 323 3 326 (34.21) 323/326 (99.08)
Xper
P Negative 15 612 627 (65.79) 612/627 (97.61) 0.958 (0.939-0.977)
Total 338 (35.47) 615 (64.53) 953 935/953 (98.11)

Table 2. Performance parameters of Concepta

Test Sensitivity (95% CI)

Specificity (95% CI)

PPV (95% CI) NPV (95% ClI)

Concepta 99.08 (97.33-99.81)

97.61 (96.08-98.65)

87.96 (81.59-92.34) 99.83 (99.49-99.95)

PPV: positive predictive value, NPV: negative predictive value, Cl: confidence interval

more than one pattern. The compatibility results of the 326
positive sample results were shown in Table 3.

Concepta identifies seven patterns (homogeneous,
speckled, centromere, nuclear dots, nucleolar, cytoplasmic,
and cytoplasmic AMA-like) but not dense fine speckled
and nuclear membrane. It identified 52 of 63 samples with
dense fine speckled as homogeneous (Figure 1).

Among the patterns that Concepta can identify, the largest
group it fails to recognize is the speckled pattern. Among
the 100 specimens that specialists identified as speckled,
Concepta correctly classified 60, while 40 were
misclassified.

DISCUSSION

Initially, the ANA test was primarily requested by
rheumatologists. Due to its association with various diseases,
the ANA test is in increasing demand from physicians of
different specialties, going beyond rheumatology (10).
Studies conducted with groups diagnosed with
autoimmune diseases do not adequately reflect daily
laboratory practices. When these groups are selected and
studied, a group with higher ANA positivity is selected
compared to the routine patient group. At the same time,
ANA positivity in this group will be at higher titers than in

Table 3. Agreement between expert evaluation and
Concepta in pattern identification

Exper n ncordan
Pattern (g)e t Co (ﬁc;pta Coractg (%2) ce
c -
oAk 12 8 66.7
Homogeneous 47 45 95.7
Speckled 100 60 60
Nucleolare 38 35 92.1
Nuclear dots 5 3 60
Nuclear membrane 3 0 -
Dense fine speckled 63 0 -
Centromere 13 12 92.3
Cytoplasmic 9 4 444
Multiple patterns 29 0 -
Other 7
Total 326 167

Duzce Med J, 2025;27(1)

the routine patient group. Since ANA can also be found in
healthy individuals, this often leads to uncertain results.
Studies involving routine patient groups are likely to yield
more uncertain results. Consequently, research conducted
with routine patient samples more accurately reflects
actual laboratory conditions. 47 samples were excluded
(duplicate samples, requiring dilution, and samples where
two physicians identified different patterns during manual
assessment). There may be differences in judgment
between the experts, so samples where both experts
disagreed were not evaluated (11). Among the studies on
ANA |IF, there were no data on the Concepta system.
However, our study revealed a 98.11% agreement between
Concepta and expert assessment, with a close to perfect

Figure 1. BioSystems ANA IIF pattern image examples,
A) homogeneous, B) dense fine speckled
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match (x value 0.958). In 3 studies conducted with
different commercial automated systems, the k value was
found to be 0.97, 0.932, and 0.860 (12-14). These findings
are significant as they present a new alternative to
automated systems.

The sensitivity and specificity of Concepta were 99.08%
and 97.61%, respectively. In a study by Loock et al (15) in
which two different automated systems were evaluated
with routine samples coming to the laboratory, sensitivity
was satisfying (89%/87% for Aklides/Helios), and the
specificity was relatively low (59%/54% for Aklides/Helios).
In two different studies with another automated system,
EUROPattern, analytical sensitivity and specificity varied,
with sensitivity between 94.3% and 98.95% and
specificity between 88.2% and 98.4% (12-14). In another
study with two different automated systems, Nova
View/Helios's sensitivity was 96.7%/95.8%, and its
specificity was 91%/93.5% (16).

When the pattern identification results are analyzed,
Concepta and conventional IIF pattern recognition results
match 51.2% (167/326) of the samples. Concepta could
identify homogeneous, speckled, centromere, nuclear dots,
nucleolar, cytoplasmic, and cytoplasmic AMA-like
patterns. However, it struggled with mixed patterns as it
could only provide a single result, leading to incomplete
classifications. The Concepta identification algorithm does
not include the dense fine speckled pattern. When the
unidentified specimens were analyzed, it was found that
the majority belonged to the dense fine speckled pattern.
In particular, Concepta was identified as homogeneous in
52 out of 63 dense fine speckled samples. One sample was
classified as nucleolar, two as negative, and two as
speckled. The remaining six specimens could not be
identified. Out of 1,000 patient samples processed by the
device, experts identified 326 positive cases. The
Concepta classification algorithm identifies various
patterns, including homogeneous, speckled, centromere,
nuclear dots, nucleolar, cytoplasmic, and cytoplasmic
AMA-like patterns (Table 4). Concepta was unable to
identify 112 samples due to various patterns such as dense
fine speckled, nuclear membrane, and mixed patterns. As
a result, it could only identify 224 out of the 326 positive
samples. When its success in these patterns was analyzed, it
was found that it correctly identified 167 out of 224 samples.
Concepta concordance rates differed across pattern types
in the following sequence: homogeneous (95.7%),
centromere (92.3%), nucleolar (92.1%), cytoplasmic reticular
IAMA-like (66.7%), nuclear dot (60%), speckled (60%),

Table 4. Patterns identified by automated systems*

Performance of Concepta ANA Detection System

and cytoplasmic (44.4%). As no study was conducted with
Concepta, no comparison could be made.

In the study by Park et al. (13), the EUROPattern
concordance rates varied between different pattern types in
the following order: cytoplasmic and nuclear dot (100%),
centromere (87.5%), speckled (79.3%), homogeneous (62.5%),
nucleolar (60.0%), nuclear membrane and mitotic (0.0%)
patterns. van Beers et al. (11) found the relative sensitivity
as homogenous (93.6%), speckled (87.3%), nucleolar (91.9%),
centromere (93.8%), nuclear spots (80.0%), nuclear
membrane (100%), and cytoplasmic (86.4%). Another
study observed correct pattern recognition in 94.6% of sera
with a single pattern. The effectiveness of automated
recognition for various patterns differed (12): cytoplasmic
pattern, nucleolar pattern (100%), speckled pattern (97.2%),
homogeneous pattern (91.6%), nuclear dots pattern (75%),
centromeres pattern (60.7%). Our study's Concepta results
demonstrated higher concordance rates for centromere,
homogeneous, and nucleolar patterns than others.
However, lower concordance rates were observed for
cytoplasmic, nuclear dot, and speckled patterns. Concepta
identified only 60 out of 100 speckled patterns correctly.
Among the 40 specimens that Concepta failed to identify,
24 were incorrectly classified, while 16 could not be
evaluated at all. Other studies have also shown that
identifying the speckled pattern is complex (17-20).
Therefore, low identification rates in speckled can be
considered normal.

There are automated systems that only distinguish between
positive and negative results, as well as systems that can
identify various patterns. The number and types of patterns
recognized by these systems differ (Table 4). Pattern
recognition algorithms may experience difficulties in
identification as the number of patterns they can recognize
increases. Homogeneous, speckled, and dense fine
speckled patterns share similarities, making them
challenging to distinguish, particularly for Al-enabled
systems (15,21). An algorithm designed to identify only
homogeneous and speckled patterns will classify
homogeneous patterns more accurately, as dense fine
speckles cannot be easily confused with them. However,
as our study shows, this algorithm may mistakenly classify
dense fine speckled patterns as homogeneous. Therefore,
it is advisable to evaluate each system based on its unique
characteristics and limitations.

The present study was conducted using routine patient
samples rather than samples from patients with
autoimmune rheumatologic diseases. ANA positivity is more

System Patterns

EUROPattern Homogene_ous, _speckled, dens_e fine speckled, nqcleolar, centromere, nuclear dots, nuclear membrane,
cytoplasmic reticular / AMA like and cytoplasmic

NOVA View Homogeneous, speckled, fine speckled, coarse speckled, dense fine speckled centromere, nucleolar and nuclear dots

Helios Homogeneous, speckled, centromere, nuclear membrane, nuclear dots, nucleolar, and cytoplasmic

Zenit G-Sight ~ Homogeneous, nucleolar, speckled, centromere, and mitochondrial patterns

Aklides Homogeneous, speckled, nucleolar, centromere, nuclear dots, and cytoplasmic

Image Navigator Positive/negative (no pattern distinction)

Concepta Homogeneous, speckled, nucleolar, centromere, nuclear dots, cytoplasmic reticular / AMA like and cytoplasmic

* Adapted from Bizzaro et al. (3) and Tebo AE (22)

Duzce Med J, 2025;27(1)
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clearly observed in studies that focus on patient groups
with these autoimmune conditions. The design of our
study, which involves routine patient groups, may
influence the performance of the device due to the
presence of more intermediate values.

CONCLUSION

This study highlights the performance and limitations of
the Concepta automated system in the detection and
pattern recognition of ANA using IIF. The system
demonstrated high sensitivity and specificity in
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ABSTRACT

Aim: Nucleos(t)id analogs (NA) used in hepatitis B virus (HBV) treatment may cause rtA181T
and sW172* mutations. SW172* increases progression to hepatocellular carcinoma (HCC).
This study aimed to reveal the rtA181T/sW172* mutation in HCC patients on the background
of chronic hepatitis B (CHB) to determine its association with NA.

Material and Methods: A total of 90 CHB patients, 42 patients with HCC (DNA of 4 patients
could not be analyzed), and 48 patients without HCC as the control group, were included in
this study. Patients in the control group were divided into two groups, those who received NA
treatment (n=21) and those who did not (n=21). Drug resistance analysis was performed by
DNA sequencing.

Results: Among the 42 patients with HCC, the median age was 63 (range, 37-81) years, and
the median HBV DNA level was 6.0x10° (range, 30-1.14x108) IU/ml. In the 48 patients
included as controls, the median age and HBV DNA level were 46 (range, 20-75) years and
1.41x107 (range, 80-1.70x108) IU/ml in the treatment-naive patients, and 36 (range, 21-50)
years and 7.6x10° (range, 15.9x102 - 5.1x107) 1U/ml in the NA-treated patients, respectively.
SW172* mutation, which causes rtA181T mutation to occur, was identified in only 2 (5.3%)
patients in the study group with HCC.

Conclusion: Association between HCC and rtA181T/sW172* mutation suggests that HCC
may develop in patients under NA treatment. The rtA181T/sW172* mutation should be
screened in patients receiving treatment, and when detected, they should be closely monitored
for HCC development.

Keywords: Hepatocellular carcinoma; hepatitis B virus; drug resistance; nucleos(t)id analog.

0z

Amac: Hepatit B viriisii (HBV) tedavisinde kullanilan niikleoz(t)id analoglari1 (NA), rtA181T
ve sW172* mutasyonlarina neden olabilir. sW172* hepatoselliiler karsinoma (hepatocellular
carcinoma, HCC) ilerlemesini artirir. Bu ¢alismanin amaci, kronik hepatit B (chronic hepatitis
B, CHB) zemininde HCC hastalarinda rtA181T/sW172* mutasyonunu ortaya koyarak NA
kullanimu ile iliskisini belirlemektir.

Gerec ve Yontemler: Bu ¢alismaya, 42 HCC'li hasta (4 hastanin DNA's1 analiz edilemedi) ve
kontrol grubu olarak 48 HCC'siz hasta olmak iizere toplam 90 CHB hastas1 dahil edildi.
Kontrol grubundaki hastalar, NA tedavisi alanlar (n=21) ve almayanlar (n=27) olmak tizere iki
gruba ayrildi. Ilag direnci analizi DNA sekanslama yontemi ile gerceklestirildsi.

Bulgular: HCC'li 42 hastada, ortanca yas 63 (aralik, 37-81) yil ve ortanca HBV DNA diizeyi
6,0x106 (aralik, 30-1,14x108) IU/ml idi. Calismaya kontrol olarak dahil edilen 48 hastada,
ortanca yas ve HBV DNA diizeyi, sirasiyla, tedavi naif hastalarda 46 (aralik, 20-75) yil ve
1,41x107 (aralik, 80-1,70x108) IU/ml ve NA tedavisi alan hastalarda 36 (aralik, 21-50) yil ve
7,6x108 (aralik, 15,9x102 - 5,1x107) IU/ml idi. Calisma grubundaki HCC'li hastalarin sadece
2'sinde (%5,3), rtA181T mutasyonunun ortaya ¢ikmasina neden olan sW172* mutasyonu
tespit edildi.

Sonu¢: HCC ile rtA181T/sW172* arasindaki iliski, NA tedavisi alan hastalarda HCC
gelisebilecegini diistindiirmektedir. Tedavi alan hastalarda rtA181T/sW172* mutasyonu
taranmali ve tespit edildiginde hastalar HCC gelisimi agisindan yakin takip edilmelidir.
Anahtar kelimeler: Hepatoselliiler karsinom; hepatit B viriisii; ilag direnci; niikleoz(t)id analogu.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common hepatic malignancies and the sixth most
common cancer worldwide (1). Hepatitis B virus (HBV) is
a risk factor for HCC. 20-30% of adults with chronic
hepatitis B (CHB) will develop cirrhosis and/or HCC (2).
The molecular processes underlying HCC development
are complex and various, either independent of liver
disease etiology or etiology-related. The reciprocal
interlinkage among non-viral and viral risk factors, the
damaged cellular microenvironment, the dysregulation of
the immune system, and the alteration of gut-liver-axis are
known to participate in liver cancer development and
progression (3). HBV genome, due to its ability to
integrate into the host, can cause genomic instability,
disrupting normal regulatory mechanisms (4).

HBV genome is a circular, double-stranded DNA virus
that contains four readable gene regions (ORFs). Gene
regions encode envelope (pre-S/S/S), core (pre-core/core),
pol, and X protein. Pre-S/S/S region synthesizes L, M, and
S surface glycoproteins. The pre-core/core region encodes
nucleocapsid core protein and synthesizes HBeAg. The pol
gene encodes a DNA polymerase, which is reverse
transcriptase (RT) (5). HBx protein is a multifunctional
regulator, and X protein plays an essential role in the
progression of HCC (6).

X protein modulates cellular transcription, protein
degradation, proliferation, and apoptotic signaling
pathways; it does not directly bind to DNA but affects cells
by altering protein-protein interactions and cytoplasmic
signaling pathways (7).

Nucleos(t)id analog (NA) used in CHB treatment causes
point mutations. These mutations may cause drug
resistance (8). Drug resistance is classified into two groups
as primary resistance and compensatory mutations.
Primary drug resistance mutations mainly lead to non-
responsiveness, and compensatory mutations repair
replication ability due to the circular structure of HBV pol
and S gene overlap (9). This overlapping (pol/S) leads to
changes in the region encoding HBsAg protein in
primary/compensatory  drug  resistance  mutations.
According to findings obtained in recent years, it leads to
the formation of potential vaccine escape mutations,
namely antiviral drug-associated potential vaccine escape
mutation (ADAPVEM) (10).

Lamivudine (LMV) and adefovir (ADV) are safe and
inexpensive for long-term use in the treatment of CHB. For
this reason, it is used widely and for a long time.
Resistance to these drugs develops as a result of long-term
use (11). Due to the circular structure of HBV, gene loci
overlap each other. As a result of this overlap, point
mutations occur. The main one is rtA181T (major drug
resistance mutation) on the pol gene, causing sW172*
mutation on the S gene (9). The stop codon (SW172%)
mutation causes large pieces from the C-terminal
hydrophobic area to be cut off and these pieces to
accumulate in the cell. L, M surface proteins accumulating
within the cell cause stress in the endoplasmic reticulum,
leading to progression to HCC (12).

The goal of this study was to indicate the presence of the
rtA181T/sW172* mutation in patients who developed
HCC at the CHB level and reveal the relationship of these
mutations with NA use.

Duzce Med J, 2025;27(1)
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MATERIAL AND METHODS

Forty-two patients over 18 years with HCC and who were
admitted to the Gastroenterology Department of the
Kocaeli University Faculty of Medicine between 2012 and
2014 were included in the study. Patients were diagnosed
by the combination of serologic markers, imaging
techniques, and/or biopsy. Serum from 19 patients and
biopsy material from 23 patients were used. HBV, hepatitis
C virus (HCV), human immunodeficiency virus (HIV),
hepatitis D virus (HDV) markers, and HBV DNA were
analyzed. Patients with positive HBV DNA levels were
included (n=38). Biopsy materials constituting the other
part of the study group were obtained from the Pathology
Department of the Kocaeli University Faculty of
Medicine. As the control group, 48 patients with CHB
were divided into two groups as treatment naive (n=27)
and patients receiving NA treatment (n=21). The study
was conducted with the decision of the Kocaeli University
Clinical Research Ethics Committee (2012/67).

Patient history was obtained, including their age, gender,
smoking and alcohol use, as well as whether they were
receiving antiviral treatment and the duration of the
treatment. The presence and staging of cirrhosis were
assessed, and the classification of HCC was determined
based on clinical conditions and imaging methods. A 5 cc
blood sample was collected and serum was separated by
centrifugation and stored at -20 °C. Patient files with
pathologic materials were scanned, and information
regarding age, gender, alcohol use, antiviral treatment,
cirrhosis status, HCC staging, and clinical status was
examined. Serum and pathology materials were analyzed
using the HBV DNA sequencing method.

Hepatitis B Virus DNA Isolation

HBV DNA was isolated on the QIAsymphony SP
magnetic particle isolation platform (QIAGEN GmbH,
Hilden, Germany). Paraffin block sections were analyzed
using the DNA spin column isolation technique (DNA
MiniElute, QIAGEN GmbH, Hilden, Germany).
Real-Time Polymerase Chain Reaction

HBYV DNA was analyzed by real-time polymerase chain
reaction (PCR) using an RGQ kit on the Rotor-GENE
platform (QIAGEN GmbH, Hilden, Germany) (13). HBV
genotype detection, all known primary/compensatory NA
resistance mutations, S gene (HBsAg protein; amino acids
111 to 227) mutations overlapping with pol gene were
analyzed by sequencing HBV pol gene (RT region, amino
acids 80 to 250), removal of paraffin with xylol (14).
HBYV DNA was isolated from the serum sample (Anatolia
Geneworks, Bosphore® Viral DNA Extraction Spin Kit,
and Magnesia® 16 Magnetic Bead Extraction System,
Istanbul, Tiirkiye). For HBV pol gene (742 bp)
amplification, forward (F:5'-tcgtggtggacttctctctcaatt-3'),
reverse (R:5'-cgttgacagactttccaatcaat-3") primers were
used. PCR conditions were pre-denaturation at 95 °C for
10 minutes, followed by 35 cycles of 95 °C for 45 seconds,
60 °C for 45 seconds, and 72 °C for 45 seconds. PCR
products were purified with a High Pure PCR Product
Purification Kit (Roche Diagnostics, Germany). Phire Hot
Start DNA polymerase (Finnzymes Oy, Finland) was used
in the sequencing protocol. Sequencing was performed on
the ABI PRISM 3130 (Applied Biosystems Inc, USA)
platform using BigDye Terminator v3.1 Cycle Sequencing
Kit (Amersham Pharmacia Biotech Inc, USA), 36 cm
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capillary and POP-7 TM polymer (Applied Biosystems
Inc, USA) according to manufacturer's recommendations.
PCR protocol used for direct sequencing was 35 cycles of
95 °C for 20 seconds, 50 °C for 25 seconds, and 60 °C for
2 minutes. Electropherograms were obtained using Vector
NTI v5.1 (InforMax, Invitrogen, Life Science Software,
USA). Sequences were analyzed in the Geno2pheno Drug
Resistance program (Center of Advanced European
Studies and Research, Germany).

The Geno2pheno program compares unknown nucleic
acid sequences in FASTA format with reference
sequences found in the database. After comparison, 80",
84t 85t 91t 169", 173, 180%™, 181%, 184%™ 191%, 194,
202", 204t 214% 215% 2339 236"-238", and 2501
amino acid positions in HBV pol gene RT coil were
analyzed for primary drug resistance and compensatory
mutations. In addition, 121%, 135", 137", 139"-149™,
151-1539, 155"-157% 161%, 164", 172", 173", 175M,
176%™, 182", and 193"-196™ amino acid positions in the S
gene region overlapping with the HBV RT strand were
analyzed for mutations (15).

Statistical Analysis

For statistical analysis, IBM SPSS version 20.0 was used.
Following the normal distribution assumption, the student
t test was used to compare groups as a parametric test, and

Association of Gene Mutations in HBV with HCC

the Mann-Whitney U test was used as a non-parametric
one. Chi-square test was used to analyze categorical data.
A p-value of <0.05 was considered statistically significant.

RESULTS

A total of 90 patients were divided into three groups.
Patients with HCC (n=42) were included in the study
group, and patients with CHB without HCC (n=48) were
included in the control group. The control group was
further divided into two groups as those receiving NA
treatment (n=21) and those not receiving (n=27).
Diagnosis of HCC was made by biopsy in 23 patients by
combining alpha fetoprotein (AFP) value and HCC typical
appearance in 2 imaging modalities in 19 patients. HBV
DNA sequencing analysis could be performed in 38 (90.5%)
patients in the study group. The majority of patients in the
study groups were male, the mean age was higher in the
HCC group compared to other groups (Table 1). When the
HbeAg status of these patients was compared, no
significant difference was found (p=0.478). Patients did
not have superinfection/co-infection.

Information on AFP values, the presence of cirrhosis, and
the alcohol intake status of patients with HCC was shown
in Table 1. The majority of patients with cirrhosis and
HCC were found to be C in Child-Pugh staging.

Table 1. Demographic information of the patients included in the study

Study Group (n=42)

No Treatment (n=27) NA Treatment (n=21)

Gender, n (%)

Male 38(90.5) 17 (63.0) 14 (66.7)

Female 4(9.5) 10 (37.0) 7(33.3)
Age (years), median (range) 63 (37 -81) 46 (20 - 75) 36 (21 - 50)
AST (U/L), median (range) 142 (20 - 968) 41 (18 - 41) 135 (11 - 1042)
ALT (U/L), median (range) 179 (20 - 1021) 48 (18 - 48) 182 (17 - 1315)
HBeAg™ (+), n (%) 10 (25.0) 3(11.1) 6 (28.6)
HBYV DNA (1U/ml), median (range) 6.0x10° (30 - 1.14x108) 1.41x107 (80 - 1.70x108) 7.6x108 (15.9x10? - 5.1x107)
HBYV genotype™ (D), n (%) 38 (100) 27 (100) 21 (100)
HBV sub genotype™, n (%)

D1 35 (92.1) 26 (96.3) 17 (81.0)

D2 - 1(3.7) 2 (9.5)

D3 3(7.9) - 2 (9.5)
AFP (ng/ml), median range 20025 (1-521300) - -
Cirrhosis™ (+), n (%) 32(82.1) - -
Child-Pugh Staging, n (%)

A 3(9.4) ) )

B 9(28.1)

C 20 (62.5)
Treatment™, n (%) 18 (42.9) - 21 (100)
Treatment™, n (%)

LAM 11 (61.0) 12 (57.1)

ADV 1(5.6) i 5(23.8)

LdT 1(5.6) i 1(4.8)

ETV 1(5.6) 3(14.3)

LAM+ADV 2 (11.1) ) -

LAM+TDF 2(11.2) ) -
Duration (month), median (range)

LAM 43 (1 - 96) - 26 (12 - 48)

ADV 32 (12 - 60) - 20 (8 - 36)

LdT 1 - 9

ETV 12 - 18 (12 - 24)

TDF 90 (84 - 96) - -

NA: nucleos(t)id analog, AST: aspartate aminotransferase, ALT: alanine aminotransferase, HBeAg: hepatitis B e antigen, HBV: hepatitis B virus, DNA: deoxyribonucleic acid,
AFP: alpha fetoprotein, LAM: lamivudine, ADV: adefovir; LdT: telbivudine; ETV: entecavir; TDF: tenofovir, **: no information on HBeAg status in two patients, 2 HBV
DNA sequencing analysis could be performed in 38 patients, “*: no information on cirrhosis status in three patients, ": no information on medication use in three patients
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Patients were classified according to drug use. The HBV
pol gene region was analyzed for drug resistance mutations
in the study and the control group. Primary drug resistance,
partial drug resistance, and compensatory mutations were
analyzed. Primary drug resistance mutations (rtM2041/V,
rtA181T, rtA184V, rtT184A/S) were detected in the study
group and the NA control group, and were frequently
associated with NA. No primary drug resistance mutations
were detected in the treatment-naive control group.
Mutations causing primary drug resistance (rtM2041,
rtA181T, rtA184V, rtT184S) were detected in 8/38 (21.1%)
of the HCC group. In the control group, drug resistance
mutations (rtM2041, rtM204V, rtT184A) were detected in
6/21 (28.6%) of the NA-treated group. No primary drug
resistance was found in the treatment-naive group. When
the groups were compared in terms of the primary drug
resistance, no significant difference was found (p=0.833).
In the control group, partial drug resistance mutations were
associated with NA. In contrast to primary drug resistance
mutations, partial resistance mutations were found in the
treatment-naive control group. Replication capacity
restoring, viral load increasing mutations, and
compensatory mutations (L911, Q215H/S, Q149K) were
detected in the study and control groups (Table 2).

The potential of oral antivirals used in the treatment of
CHB to create vaccine escape mutations (ADAPVEM)
was analyzed (Table 3). While no ADAPVEM patterns
were detected in the treatment-naive control group,
ADAPVEM patterns were detected in the study group and
the control group under NA treatment. While sS143L,
sW196L, and sW172* were detected in the study group,
s1195M and W196L patterns were detected in the control
group under treatment. The sSW172* ADAPVEM detected
in the study group is also the mutation that causes HBsAg
to accumulate in the cell after truncation (Table 3). The
W172* development rate between patients in the study
group and the control group was not statistically
significant (p=0.192). When the duration of drug use in
both groups (HCC and NA treatment groups) was
compared, no statistically significant difference was found
between them (p=128 for LAM, p=0.252 for ADV).

DISCUSSION

Global distribution of HCC depends on regions, incidence
rate, gender, age, and etiology (16). The prevalence of
HBV RT mutations prior to treatment varies. The ratio of
HCC incidence in the non-cirrhotic and cirrhotic stages in
HBV-related liver disease is 0.3-3.23% (17). These
controversial mutations depend on geographic factors,
HBYV genotypes, HBeAg serostatus, HBV viral loads, and
disease progression (18).

The median age of 42 HCC patients included in the present
study was found to be higher compared to the control
group. Studies have reported that 80-90% of patients with
HCC have cirrhosis. A cohort study conducted in Italy
showed that patients with stages B and C, according to
Child-Pugh staging, had a higher risk of developing HCC
compared to stage A (19). In the present study, the rate of
cirrhosis in patients with HCC was similarly high (82.1%).
When HCC patients with cirrhosis, a high proportion of
patients were found to be in the Child C stage (62.5%).
Studies have shown that basal loads of HBV DNA are
important in progression to HCC (20). In the present study,
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Table 2. HBV polymerase gene mutations and drug
resistance status in study and control groups

Study No NA
Mutation Pattern Group”™  Treatment Treatment
(n=42) (n=27) (n=21)
Primary Drug
Resistance, n (%)
M2041 4 (10.5) - 3(14.3)
M204V - - 2(9.5)
A181T 2 (5.3) - -
Al184V 1(2.6) - -
T184A - - 1(4.8)
T184S 1(2.6) - -
Partial Drug
Resistance, n (%)
A194S 1(2.6) - -
A194X - 1(3.7) -
C233F 1(2.6) - -
P236T 1(2.6) - -
L180M 1(2.6) - 5 (23.8)
Compensatory
Mutation, n (%)
La1lI 2 (5.3) - 4(19.1)
Q215H/S 9(23.7) - 5(23.8)
Q149K 1(2.6) 1(3.7) 3(14.3)

HBV: hepatitis B virus, NA: nucleos(t)id analog, “: HBV DNA sequencing analysis
could be performed in 38 patients

Table 3. Potential vaccine escape mutations associated
with oral antivirals in the study and control groups

Study No NA
Mutation Pattern Group” Treatment Treatment
(n=42) (n=27) (n=21)
ADAPVEM, n (%)
1195M - - 2(9.5)
S143L 3(7.9 - -
W196L 4 (10.5) - 3(14.3)
W172* 2 (5.3) - -

NA: nucleos(t)id analog, ADAPVEM: antiviral drug-associated potential vaccine
escape mutation, ": HBV DNA sequencing analysis could be performed in 38 patients

the median HBV DNA load was found to be higher in the
treatment-naive group. This finding may be due to the
suppression of HBV DNA loads after antiviral drug use in
the study group and the group receiving NA.

The long-term use of NA therapy can result in drug
resistance, which can lead to treatment failure (21). It has
been shown that primary drug resistance developed in
CHB treatment increases the risk of HCC (8). One study
reported that HCC developed in 8 of 141 HCC patients
with sL21*, sW156*, and sW172* mutations. This study
may be important in showing that HCC develops after the
use of LAM (8,20).

In another study conducted in South Korea between
January 2004 and December 2012, it was reported that the
risk of HCC development increased in patients who
developed drug resistance. Cumulative risk of HCC
development in cirrhotic patients who developed drug
resistance in years 1, 2, 3, and 5 was found to be 3.93%,
5.55%, 6.71%, and 9.02% (22).

In a study involving 1948 CHB patients, 917 patients were
found to have a drug-resistance gene mutation in the RT
region (47.07%). HBV-related cirrhosis rate and HBV
DNA load were higher in the group with drug resistance
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than in the group without mutation. In patients with drug
resistance, 53 gene mutation patterns were found. Among
these patterns, rtL180M+rtM204V+rtS202G (9.70%) was
the most dominant pattern. Five types of drug resistance
were detected, the highest being LAM+Ldt (21.25%).
Among 18 regions associated with LAM, ADV, ETV, and
Ldt resistance in HBV RT regions, 14 regions were found
to be mutated, and the most common mutation regions
were rtL180M, rtM204V, rtM204, and rtS202G (23).

In the present study, mutations causing primary drug
resistance (rtM2041, rtA181T, rtA184V, rtT184S) were
identified in 8/38 (21.1%) of HCC patients. Mutations
causing drug resistance (rtM2041, rtM204V, rtT184A)
were identified in 6/21 (28.6%) of the group receiving NA.
When groups using NA were compared, no statistically
significant difference was found in terms of prevalence of
primary resistance. However, the A181T mutation was
identified in the HCC patient group (2/38, 5.3%), which
was not found in the NA-treated control group. In HCC
patients with the A181T mutation, the W172* mutation in
the S gene. The median duration of LAM and ADV
treatments, which are known to be responsible for the
development of the rtA181T mutation, was 43 and 32
months in the HCC patient group and 26 and 20 months in
the NA-treated group. The rate of W172* development
between the study and control group was not statistically
significant. When the duration of drug use was compared
in HCC and NA groups, the difference was not statistically
significant. Development of the A181T mutation may be
independent of the duration of LAM and ADV use. This data
shows that HBsAg escape mutations with epidemiologic
and clinical significance can develop due to NA.

In another study, 100 patients who had been undergoing
NA therapy for one year or more were included. 84
patients that could be sequenced with HBV pol gene HBV,
53 (63.09%) were males and 31 (36.91%) were females,
and the mean age was 47+£14.99 (range, 20-67) years.
Primary/secondary drug mutations (rtM2041/V, rt1169S,
rtL180M, rtT184L, rtA194V, rtM2041/rtL91l, rtQ149K,
rtQ215H/S, rtN238D) were detected in 38 (45.2%) of the
patients. Because of the HBV pol/S gene overlapping, in
27 patients immune-selected amino acid substitutions (s1110L,
sT127P, sS114A, sT123A), in nine patients HBIg selected
escape mutants (SP120R, sT123N, sE164D, sY134F,
sQ129H, sT118A, sP127K), in seven patients vaccine escape
mutants (sT1261, sP120S, sG145A, sS193L), and in one
patient misdiagnosis of HBsAg (sT131I) were detected. In
addition, ADAPVEM in 13 (15.4%) patients (20).

In a study, 6 types of ADAPVEM (sE164D, sl195M,
SW196L, sW172L, sL175F, s176V) were identified in
10/94 (10.6%) patients (24). In another study, seven
different ADAPVEM (rtM204V/s1195M, rtM2041/sW196S,
rtM2041/sw196L, rtV173L/sE164D, rtA181T/sW172*,
rtA181T/sW172L, and rtA181V/sL173F) mutations were
found in 46/442 (10.4%). In this study, the rate of
ADAPVEM in NA-treated and treatment-naive patients
was found to be 44/186 (23.7%) and 2/256 (0.78%),
respectively, and was reported statistically significant (24).
The present study identified four different ADAPVEM.
While 7/38 (18.4%) ADAPVEM were detected in the
study group (sS143L, sW196L, sW172%*), 5/21 (23.8%)
were detected in the NA-treated control group (SW196L,
s1195M). No ADAPVEM was found in the treatment naive
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control group. As in similar studies, ADAPVEM was
observed only in NA-treated patients in this study. These
findings suggest that NA treatment plays a role in the
occurrence of ADAPVEM. sW172* causes accumulation
of HBsAg in hepatocytes was detected only in 2/38 (5.3%)
patients in the HCC group. In these patients, HBsAg
accumulation in hepatocytes may be effective in HCC
progression.

In another study, it was reported that drug resistance was
detected in 36/198 (18.2%) of patients in whom NA was
initiated in 320 decompensated cirrhotic patients. Among
these patients, HCC was detected in 5 patients who did not
respond to salvage therapy, and it was reported that the
rtA181T mutation was associated with salvage therapy
failure. However, since S gene analysis was not performed
in this study, it was not stated whether the rtA181T leads
to sW172*. However, according to the study, NA drug
resistance plays a role in the cumulative incidence of
HCC (24). Results of both studies indicate that patients
should be followed up in the long term.

Major limitations of this study include a relatively small
sample size, lack of follow-up from the initiation of the
treatment, and lack of timing of HCC diagnosis.

CONCLUSION

The rtM2041, rtA181T, rtA184V, and rtT184S mutations
causing primary drug resistance were found in 21.1% of
HCC patients. In the control group, rtM2041, rtM204V,
and rtT184A mutations were found in 28.6% of patients
receiving NA. The relationship between HCC
development and the rtA181T/sW172* mutation duo in
CHB patients under NA treatment may be assessed in a
larger study group with longer patient follow-up for more
certain findings.
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ABSTRACT

Aim: Vitamin D is an important factor for the hair follicle cycle. Alopecia areata (AA),
androgenetic alopecia (AGA), and telogen effluvium (TE) are the most common forms of non-
scarring alopecia. This study aimed to define vitamin D levels and hemogram parameters in
children and adolescents with non-cicatricial alopecia.

Material and Methods: A total of 157 patients under the age of 18 and diagnosed with AA,
AGA, and TE were included in this retrospective study. Vitamin D levels, and
neutrophil/lymphocyte (neu/lym) and platelet/lymphocyte (plt/lym) ratios were evaluated.
Vitamin D levels were examined in four different groups according to the admission period as
autumn, winter, spring, and summer.

Results: Of the patients, 30 were diagnosed with AA, 11 with AGA, and 116 with TE. Vitamin
D deficiency was detected in 128 of 153 patients, of whom vitamin D levels were examined,
insufficiency in 20, and sufficiency in 5. There was no statistically significant difference in
vitamin D levels between groups (p=0.114). Also, no statistically significant difference was
found between the groups in terms of vitamin D deficiency and insufficiency (p=0.403).
Vitamin D levels were significantly higher in males than in females (p<0.001), and in autumn
than in winter (p=0.043). The ratio of neu/lym in patients with TE was significantly higher
than the patients in the AA group (p=0.005).

Conclusion: Vitamin D deficiency was seen in a very high percentage of all non-cicatricial
alopecia. Neu/lym ratio may be a more appropriate inflammatory marker for patients with TE
than the other nonscarring alopecia.

Keywords: Alopecia; alopecia areata; androgenetic alopecia; vitamin D.

0z

Amag: D vitamini sa¢ folikiilii dongiisii i¢in onemli bir faktordiir. Alopesi areata (AA),
androgenetik alopesi (AGA) ve telogen effluvium (TE) skarsiz alopesilerin en sik goriilen
formlaridir. Bu ¢aligmada non-skatrisyel alopesisi olan ¢ocuk ve addlesanlarda D vitamini
diizeylerinin ve hemogram parametrelerininin belirlenmesi amaglanmustir.

Gerec ve Yontemler: Bu geriye doniik calismaya AA, AGA ve TE tanisi almig ve 18 yas alt1
olan toplam 157 hasta dahil edildi. D vitamini diizeyleri ile nétrofil/lenfosit (neu/lym) ve
platelet/lenfosit (plt/lym) oranlar1 degerlendirildi. D vitamini diizeyleri bagvuru donemine gore
sonbahar, kis, ilkbahar ve yaz olmak iizere dort farkli grupta incelendi.

Bulgular: Tiim hastalarin 30'u AA, 11'i AGA ve 116's1 TE tanisi aldi. D vitamini diizeylerine
bakilmis olan 153 hastanin 128'inde D vitamini eksikligi, 20'sinde yetersizlik, S'inde ise
yeterlilik saptandi. Gruplar arasinda D vitamini diizeyleri acisindan istatistiksel olarak anlaml1
bir farklilik yoktu (p=0,114). Ayrica, gruplar arasinda D vitamini eksikligi ve yetersizligi
agisindan da istatistiksel olarak anlamli bir fark bulunmadi (p=0,403). D vitamini diizeyleri
erkeklerde kadilara gore (p<0,001) ve sonbaharda kisa gore (p=0,043) anlaml olarak daha
yiiksekti. Neu/lym orani, TE hastalarinda AA grubundaki hastalara gore anlamli olarak daha
yiiksekti (p=0,005).

Sonug: Tiim non-skatrisyel alopesilerin ¢ok yiiksek bir yiizdesinde D vitamini eksikligi
goriildii. Neu/lym oran1 TE'li hastalar i¢cin diger non-skatrisyel alopesilerden daha uygun bir
inflamatuar belirteg olabilir.

Anahtar kelimeler: Alopesi; alopesi areata; androgenetik alopesi; D vitamini.
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INTRODUCTION

Hair loss is a clinical condition that is frequently seen in
dermatology clinics and affects the quality of life of
patients. There are two major categories of hair loss:
scarring alopecia and non-scarring alopecia. Alopecia
areata (AA), androgenetic alopecia (AGA), and telogen
effluvium (TE) exemplify the three most commaon patterns
of non-scarring alopecia (1,2).

Vitamin D is a fat resolvable vitamin and plays a
considerable role in bone metabolism, adjustment of the
immune system, keratinocyte differentiation, and hair
follicle cycle. Vitamin D is generated in the skin and
involved in the etiopathogenesis of various diseases,
including hair loss (3).

Low vitamin D levels have been shown in patients with
non-cicatricial alopecia in several studies (4). However,
there are not enough studies in the pediatric age group to
understand the effects of vitamin D on non-cicatricial
alopecia in childhood.

Neutrophils (neu), lymphocytes (lym), and platelets (plt)
play a role in the inflammatory response of the body, and
their levels vary depending on the severity of systemic
inflammation. Recent studies have shown that the
plt/lym and neu/lym ratios can be used as new
inflammatory  parameters associated with  many
inflammatory diseases, cardiovascular system diseases,
and malignancies (5). AA, AGA, and TE may result from
inflammatory conditions (6-8).

The objective of this study was to investigate the levels of
vitamin D in patients with AA, AGA, and TE, as well as
to evaluate the plt/lym and neu/lym ratios in these patient
groups.

MATERIAL AND METHODS

The study included patients under the age of 18 who were
referred to the dermatology outpatient clinic of Bolu Abant
Izzet Baysal University izzet Baysal Training and
Research Hospital between January 2012 and December
2019 and were diagnosed with AA, AGA, and TE.

In this retrospective study, laboratory information of the
patients was evaluated based on their first admission to the
dermatology outpatient clinic. Vitamin D levels, plt, lym,
and neu counts in the complete blood examination were
recorded based on the laboratory values of the patients.
Vitamin D values were examined in four different groups
according to the admission period: autumn, winter, spring,
and summer.

Following the Endocrine Society Clinical Practice
Guideline, serum 25 (OH) vitamin D levels >30 ng/ml

Vitamin D in Pediatric Alopecia

were considered adequate, levels of 20-29 ng/ml indicate
vitamin D insufficiency, and levels below 20 ng/ml
indicate vitamin D deficiency (9).

The study was approved by the Bolu Abant izzet Baysal
University Faculty of Medicine Ethics Committee with the
decision dated 19.12.2023 and humbered 2023/459.
Statistical Analysis

R v.4.3.0 software was used in statistical analyses. Prior to
undertaking any statistical analysis, the Shapiro-Wilk test
was employed to ascertain whether the data exhibited a
normal distribution. For variables not showing normal
distribution, median, 25"-75" percentiles, minimum, and
maximum were used as descriptive statistics. Comparison
between groups was made with the Kruskal-Wallis test.
Mann-Whitney U test with Bonferroni correction was
utilized as a post-hoc test to detect the significantly
different groups. Cross-tabulations containing absolute
frequencies were created for categorical variables, and a
chi-squared test was used for statistical analysis, but
Fisher’s exact test was used where the expected count was
less than 5 in a cell. A p-value of <0.05 was determined as
the statistical significance level.

RESULTS

Data for 157 patients were obtained. The median age of all
patients was 15 (range, 1-17) years. Of the patients, 129
were female and 28 were male. There were 17 females and
13 males in patients with AA, 3 females and 8 males in
patients with AGA, and 109 females and 7 males in
patients with TE. The details for demographic data and
hemogram values according to patient groups were
presented in Table 1.

The distribution of plt/lym and neu/lym ratios according to
patient groups was shown in Table 1. No significant
difference was found in the plt/lym ratios between the
groups (p=0.271). A significant difference was observed
in neu/lym ratios between the patient groups (p=0.006).
The ratio of neu/lym in patients with TE was found to be
significantly higher than in the AA group (p=0.005)
according to the post hoc test results.

Vitamin D levels were examined in 153 patients, of whom
127 were female and 26 were male. Among them, 29
patients were diagnosed with AA, 10 with AGA, and 114
with TE. While 57 of these patients applied in the autumn,
34 in the winter, 26 in the spring, and 36 in the summer.
Vitamin D deficiency was detected in 128 of these
patients, insufficiency in 20 patients, and sufficiency in 5
patients. The median vitamin D levels of the patients were

Table 1. Demographic data and hemogram values according to patient groups

AA (n=30) AGA (n=11) TE (n=116) p
Age (years) 9.5 (5-15) [1-17] 16 (15-17) [12-17] 16 (14-17) [2-17] <0.001
PIt (K/uL) 299 (252-358) [118-573] 254 (225-268) [178-306] 270 (234-318) [162-415] 0.060
Lym (K/uL) 2.5 (2.0-3.4) [1.1-8.7] 2.2 (2.0-3.0) [1.9-3.3] 2.3 (1.9-2.8) [1.0-6.0] 0.227
Neu (K/uL) 3.6 (2.8-4.3) [1.8-8.0] 3.8 (3.2-5.2) [2.7-6.8] 4.2 (3.5-5.5) [1.3-10.3] 0.087
PIt/Lym 115.3 (88.9-146.8) [31.2-301.9]  104.6 (77.6-127.6) [68.6-145.6]  120.4 (95.0-144.6) [38.7-240.9]  0.271
Neu/Lym 1.4 (1.0-1.7) [0.4-4.0]¢ 1.7 (1.5-2.0) [1.0-3.0]° 1.9 (1.3-2.6) [0.4-5.5] 0.006

AA: alopecia areata, AGA: androgenetic alopecia, TE: telogen effluvium, Plt: platelet, Lym: lymphocyte, Neu: neutrophil, values not sharing a common superscript within
each row are significantly different as determined by Bonferroni corrected Mann-Whitney U test, values were presented as median (25"-75" percentile) [minimum-maximum]

Duzce Med J, 2025;27(1)

65



Sereflican et al.

found to be 13.4 (range, 4.1-29.2) ng/ml in AA patients,
while 15.9 (range, 6.3-25.1) ng/ml in AGA patients, and
11.3 (range, 3.1-35.3) ng/ml in TE patients (Figure 1). No
significant difference was observed in vitamin D levels
between the groups (p=0.114).

Median vitamin D levels were found significantly higher
in males at 17.6 (range, 7.7-29.2) ng/ml, compared to
females at 10.5 (range, 3.1-35.3) ng/ml (p<0.001).

The vitamin D levels of the patient groups according to
seasons were presented in Table 2. Vitamin D levels
showed a significant difference across seasons (p=0.043).
Post hoc test with Bonferroni correction showed that
vitamin D levels in autumn were significantly higher than
those observed in winter.

Table 2. The vitamin D levels according to the seasons”

Vitamin D in Pediatric Alopecia
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AA AGA TE
Figure 1. Vitamin D levels in patient groups

Autumn (n=57) Winter (n=34)

Spring (n=26) Summer (n=36) p

VitD (ng/ml)

13.9 (9.3-18.6) [3.1-32.6]* 9.6 (5.5-14.2) [3.3-31.9]" 11.3 (6.3-18.2) [4.1-29.2]% 10.7 (6.9-19.2) [3.4-35.3] 0.043

VitD: vitamin D, *: vitamin D levels were examined in 153 patients, values not sharing a common superscript within each row are significantly different as determined by
Bonferroni corrected Mann-Whitney U test, values were presented as median (25"-75" percentile) [minimum-maximum)]

The distribution of vitamin D status according to patient
groups was as indicated in Table 3. There was no
significant difference between the groups in terms of
vitamin D deficiency and insufficiency (p=0.403).

The distribution of patient groups according to the season
of admission to the hospital was presented in Table 4. No
statistically significant difference was found between the
patient groups according to the seasons admitted to the
hospital (p=0.582).

DISCUSSION

Vitamin D levels were shown to be linked to different
dermatological diseases, such as atopic dermatitis,
psoriasis, vitiligo, and systemic sclerosis (10).

In the study of Gade et al. (11), significant systemic
inflammation and vitamin D deficiency were found in
patients with AA compared to healthy controls. In the
study of Bhat et al. (12), levels of 25(OH)D were lower in
AA patients than in the controls. A few studies have failed
to identify a significant association between AA and
vitamin D (13,14). In a meta-analysis by Liu et al. (15) on
1585 AA patients, a deficiency of serum 25(OH)D level
was found. So a relationship between vitamin D and AA
can be mentioned (16). In the present study, 79.3% of
patients with AA exhibited vitamin D deficiency, with no
patients demonstrating sufficient vitamin D levels within
this patient group.

Although there are studies examining the relationship
between AA and vitamin D levels in adults, there are few
studies examining this relationship in the pediatric patient
group.

In pediatric AA cases evaluated by Siddappe et al. (17) and
Kundak et al. (18), 25(0OH)D levels were determined to be
lower, and vitamin D deficiency incidence was higher than
the controls. In the study conducted by Lim et al. (19), to
determine the predictors of vitamin D insufficiency in
child and adolescent AA patients, insufficiency was found
in 60.4%, and deficiency was found in 38.2% of the patients.

Duzce Med J, 2025;27(1)

Table 3. Vitamin D status according to patient groups
AA (n=29) AGA (n=10) TE (n=114) p

VitD, n (%)
Deficiency 23 (79.3%) 9 (90.0%) 96 (84.2%)
Insufficient 6 (20.7%) 1 (10.0%) 13 (11.4%) 0.403
Sufficient  0(0.0%)  0(0.0%) 5 (4.4%)

VitD: vitamin D, AA: alopecia areata, AGA: androgenetic alopecia, TE: telogen
effluvium, *: vitamin D levels were examined in 153 patients

Table 4. Patient groups by seasons
AA (n=30) AGA (n=11) TE (n=116) p

Season, n (%)

Autumn  7(23.3%) 4 (36.4%) 47 (40.5%)

Spring 8(26.7%) 2(182%) 17 (147%) oo,
Summer  7(23.3%) 3 (27.3%) 28 (24.1%)
Winter 8(26.7%) 2 (18.2%) 24 (20.7%)

AA: alopecia areata, AGA: androgenetic alopecia, TE: telogen effluvium

In the study of Unal et al. (20), lower serum 25(0OH)D
levels in the pediatric AA patients than the controls were
detected, but there was no significant difference.

The present study represents low vitamin D levels in AA
in the pediatric age group, parallel to the few studies
conducted on pediatric AA patients in the literature.

In the study of Tran et al. (21), AA patients had a
significantly lower mean vitamin D level than the other
alopecias, including cicatricial and noncicatricial. In the
study of Oner et al. (22), vitamin D levels in nonscarring
alopecia, including AA, TE, and AGA in the pediatric age
group and adults, were evaluated. The mean vitamin D
levels in all groups indicate vitamin D deficiency. The
incidence of patients with vitamin D deficiency was higher
in the TE group. In the present study, there was no
significant difference in median vitamin D levels between
the patient groups.
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AGA in pediatric patients is rarely reported in the
literature (23). In one study by Losoya-Jaquez et al. (24),
145 AGA patients in the pediatric age group were
analyzed, and vitamin D deficiency was found in 84% of
the patients. In the present study, vitamin D deficiency was
detected in 90% of the patients in a smaller group.

There are studies in the literature showing low levels of
vitamin D regarding TE, as well as studies stating the
opposite (25-27). In a study conducted on pediatric TE
patients, it was reported that the vitamin D deficiency seen
in this group of patients was similar to the general pediatric
population (28).

The study of Conic et al. (3) evaluated the prevalence of
vitamin D deficiency in scarring and nonscarring alopecia.
They found vitamin D deficiency in 64.8% of all the
patients. TE patients were 3.7 times more likely to have
severe vitamin D deficiency than those with AA.

In a recent meta-analysis assessing serum 25(OH)D levels
in non-scarring alopecia, decreased serum 25(OH)D levels
and increased incidence of vitamin D deficiency were
found (4). So, we can say that although there are a few
opposite results, in general, low vitamin D levels can be
expected in non-cicatricial alopecia.

In the study of Lim et al. (19), children and adolescents
with AA showed significantly increased odds of vitamin D
insufficiency in the non-summer season. In a meta-analysis
by Chen et al. (4) examining non-scarring alopecia in all
age groups, there is a study in which vitamin D deficiency
was observed in AA patients, particularly in winter and
autumn, and one study in which deficiency was observed
in almost all seasons. In the present study, vitamin D levels
in patients were found to be higher in autumn than in
winter. This result can be explained as the result of
exposure to sunlight throughout summer and continuing
sun exposure in autumn.

Neu/lym ratio and plt/lym ratio are strong predictors of
inflammation used in a great deal of diseases (29).
However, there are few studies investigating the
relationship of these markers with hair diseases. In two
studies examining neu/lym ratio and plt/lym ratio in
patients with AA and control groups, no significant
difference was found (30,31). In one study, the plt/lym
ratio was higher in patients with AA than in controls, but
there was no difference in the neu/lym ratio (32). In the
study of El-Taweel et al. (33), neu/lym and plt/lym ratios
were found to be significantly higher in AGA patients
compared to controls. To our knowledge, there was no
study in patients with TE regarding the relationship with
these inflammatory markers.

In the study of Oner et al. (22), the number of patients with
the highest differences in all laboratory parameters,
including vitamin D, vitamin B12, ferritin, hemoglobin
deficiency, and thyroid dysfunction, was observed in TE
compared to AA and AGA. In the present study, the
neu/lym ratio was highest in the TE group, and the ratio of
neu/lym in patients with TE was significantly higher than
that of patients in AA, but there was no difference in the
plt/lym ratios between patient groups.

Limitations of this study were that a control group could
not be formed as there was no homogeneous distribution
in the groups, the study was conducted in one center, and
the relatively small number of patients.
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CONCLUSION

Vitamin D deficiency was seen in a very high percentage
of all non-cicatricial alopecia in our study. But no
subgroup stands out in terms of low vitamin D levels.
Neu/lym ratio is one of the constantly used markers to
determine inflammation in many diseases, including
dermatological ones. It can be considered that the neu/lym
ratio may be a more appropriate inflammatory marker for
patients with TE than other nonscarring alopecias.
Multicenter studies conducted with control groups will
contribute more objective results.
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Risk Faktorlerinin Dagilimi

ABSTRACT

Aim: This study aimed to investigate the distribution of hereditary risk factors in patients with
pulmonary thromboembolism (PTE) who have no acquired risk factors and to explore the
relationship between genetic factors and the early mortality risk of embolism.

Material and Methods: Data from 295 patients diagnosed with PTE were examined
retrospectively. Of these, 44 patients who had no acquired risk factors and were screened for
hereditary risk factors, including factor V Leiden (FVL), prothrombin (PT) G20210A,
methylenetetrahydrofolate reductase (MTHFR) C677T, MTHFR A1298C, plasminogen
activator inhibitor (PAI) 4G/5G, factor XIII, antithrombin (AT) 11, protein C, protein S, and
activated protein C resistance (APCR), were included in the study.

Results: Of the patients, 14 (31.8%) were female and 30 (68.2%) were male, with a mean age
0f46.5+17.3 years. Among the hereditary risk factors, the most common homozygous mutations
were MTHFR A1298C (n=10, 22.7%), PAIl 4G/5G (n=9, 20.5%), and FVL (n=5, 11.4%),
while the most common heterozygous mutations were PAI 4G/5G (n=26, 59.1%), MTHFR
A1298C (n=19, 43.2%), and MTHFR C677T (n=16, 36.4%). The heterozygous MTHFR
A1298C mutation was detected in 10 (52.6%) patients with a history of recurrent PTE.
Conclusion: This study highlights the presence of genetic mutations such as PAI 4G/5G,
MTHFR A1298C, MTHFR C677T, FVL, factor XIII, and PT G20210A in patients with PTE.
The results show a high prevalence of genetic causes, especially in patients under 50 years of
age with no acquired risk factors, no history of recurrent PTE or thrombophilia in any family
member.

Keywords: Pulmonary thromboembolism; acquired risk factors; hereditary risk factors.

0z

Amac: Bu calismada edinilmis risk faktorii olmayan pulmoner tromboemboli (PTE)
hastalarinda kalitsal risk faktorlerinin dagiliminin arastirilmasi ve genetik faktorler ile emboli
kaynakl1 erken mortalite riski arasindaki iligkinin arastirilmasi amaglanmgtir.

Gerec ve Yontemler: PTE tanisi almig 295 hastanin verileri geriye doniik olarak incelendi.
Bunlardan edinilmis risk faktorii olmayan ve faktéor V Leiden (FVL), protrombin (PT)
G20210A, metilentetrahidrofolat rediiktaz (MTHFR) C677T, MTHFR A1298C, plazminojen
aktivator inhibitorii (PAI) 4G/5G, faktor XIII, antitrombin (AT) III, protein C, protein S ve
aktive protein C direnci (APCR) dahil olmak tizere kalitsal risk faktorleri agisindan taranan 44
hasta ¢aligmaya dahil edildi.

Bulgular: Hastalarin 14'd (%3 1,8) kadin ve 30'u (%68,2) erkek olup, yas ortalamasi 46,5+17,3
yil idi. Kalitsal risk faktorleri arasinda en sik goriillen homozigot mutasyonlar MTHFR
A1298C (n=10, %22,7), PAI 4G/5G (n=9, %20,5) ve FVL (n=5, %11,4) iken, en sik goriilen
heterozigot mutasyonlar PAI 4G/5G (n=26, %59,1), MTHFR A1298C (n=19, %43,2) ve
MTHFR C677T (n=16, %36,4) idi. Tekrarlayan PTE Oykiisii olan 10 (%52,6) hastada
heterozigot MTHFR A1298C mutasyonu tespit edildi.

Sonug: Bu c¢alisma, PTE'li hastalarda PAI 4G/5G, MTHFR A1298C, MTHFR C677T, FVL,
faktor XIII ve PT G20210A gibi genetik mutasyonlarin varligini vurgulamaktadir. Sonuglar,
ozellikle edinilmis risk faktorii olmayan, tekrarlayan PTE &ykiisii olmayan veya herhangi bir
aile iiyesinde trombofili olmayan 50 yas alt1 hastalarda genetik nedenlerin yiiksek prevalansta
oldugunu gostermektedir.

Anahtar kelimeler: Pulmoner tromboemboli; edinilmis risk faktorleri; kalitsal risk faktorleri.
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INTRODUCTION

Pulmonary thromboembolism (PTE) has a multifactorial
pathogenesis and, with its increasing incidence and
decreasing mortality rate, is currently a common cause of
cardiovascular mortality. It typically presents as a
complication of deep vein thrombosis (DVT). In addition
to acquired factors such as, active cancer, advanced age,
major trauma, surgery, pregnancy, and immobilization,
genetic factors like factor V Leiden (FVL), prothrombin (PT)
G20210A, antithrombin (AT) Ill, protein C, and protein S
deficiencies play a significant role in the development of
PTE (1). The coexistence of multiple prothrombotic
disorders increases the risk of developing PTE, both in the
presence and absence of acquired risk factors (2). Although
the true prevalence of hereditary factors in the development
of PTE is not clearly known, studies have shown that the
rate of thrombophilia detection varies between 10%-50%,
depending on the characteristics of the selected
population. In studies conducted in Tiirkiye on hereditary
thrombophilia, the frequency of thrombophilia was found
to be 15.1% in healthy populations, while it was 41.6% in
patients with PTE. Frequently, commonly identified
mutations include FVL, PT G20210A, factor VIII
elevation, AT Ill, protein C, and protein S deficiency (3).

Understanding the distribution of hereditary thrombophilias
in PTE patients and their impact on the disease plays a
crucial role in disease management, risk classification, and
determining personalized treatment options. Therefore, it
is recommended to investigate hereditary thrombophilia in
patients under 50 years old who develop PTE without
acquired risk factors, patients who develop PTE for the
first time with a family history of PTE or thrombophilia,
those with a history of recurrent PTE, patients with PTE in
atypical locations, those with a history of warfarin-induced
skin necrosis, patients with unexplained multiple
miscarriages, those with a history of neonatal thrombosis,
and young patients with arterial ischemia caused by
paradoxical embolism (right-to-left shunt) (4).

This study aimed to investigate the distribution of
hereditary risk factors in patients with PTE without
identifiable acquired risk factors and to explore the
relationship between genetic factors and the risk of PTE.

MATERIALS AND METHODS

The data of 295 patients diagnosed with PTE through
pulmonary  angiography  or  ventilation-perfusion
scintigraphy at Samsun Education and Research Hospital
Chest Diseases Clinic between July 2021 and July 2024
were retrospectively analyzed. Genetic screening for

Early mortality nsk

Haemodynamic
instability®

Clinical parameters of PE
severity and/or comorbidity:
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hereditary risk factors was performed in 51 patients who
had no acquired risk factors and for whom genetic testing
was recommended according to the PTE diagnosis and
treatment consensus report (3). The data of 7 patients were
unavailable, thus, 44 patients were included in the study.
Screening for hereditary risk factors was conducted in
patients under 50 years of age who developed PTE without
acquired risk factors (n=24), patients with a history of
recurrent PTE (n=19), and patients with a family history of
PTE or thrombophilia who developed PTE for the first
time (n=1). Patients with incomplete data were excluded
from the study (n=7).

Demographic data, comorbid conditions, PTE risk status,
and hereditary risk factors of the patients were recorded.
Acquired risk factors were questioned as advanced age,
nephrotic syndrome, obesity, long-term travel, major
surgery (pelvic abdominal), immobility due to sitting (e.g.
prolonged car or air travel), cancer, congestive heart
failure, myocardial infarction, stroke, oral contraceptive
use, hormone replacement therapy, chemotherapy, central
venous catheter, spinal cord injury, polycythemia vera,
pregnancy/puerperium, and trauma. PTE risk classification
was performed according to the 2019 European Society of
Cardiology (ESC) Guidelines (5), categorizing patients
into low, intermediate (intermediate-low, intermediate-high),
and high risk groups (Figure 1). The hereditary risk
factors examined included FVL, PT G20210A,
methylenetetrahydrofolate reductase (MTHFR) C677T,
MTHFR A1298C, plasminogen activator inhibitor (PAI)
4G/5G, factor XIII, AT I, protein C, protein S, and
activated protein C resistance (APCR).

The levels of protein C, protein S, and AT Il were
measured after the acute phase of pulmonary embolism.
The levels of protein C and protein S were measured two
weeks after discontinuing warfarin treatment, while the
levels of AT Il were measured 48 hours after the
initiation or discontinuation of low-molecular-weight
heparin/heparin therapy (3).

Ethical approval for the study was obtained from the
Samsun University Non-Interventional Clinical Research
Ethics Committee (Date: 10.07.2024, No: 2024/13/7).
Statistical Analysis

All data were analyzed using the IBM SPSS v.23 for
Windows program. Frequencies and percentages of
categorical variables, as well as means and standard
deviations of numerical variables, were calculated. The
assumption of normal distribution was made using the
Kolmogorov-Smirnov test.
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troponin levels<
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Intermediate

4 + +
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: ' [ . I if assessed, negative
Figure 1. Pulmonary thromboembolism risk classification
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RESULTS

Of the 44 patients included in the study, 14 (31.8%) were
female and 30 (68.2%) were male, with a mean age of
46.5+17.3 years. Comorbidity was detected in 28 (63.6%)
of the patients. The most common comorbidities were
DVT (n=16, 36.4%) and hypertension (n=8, 18.2%).
Nineteen patients (43.2%) were classified as low-risk,
while 6 (13.6%) were classified as high-risk (Table 1).
The most common homozygous mutations among the
hereditary risk factors were MTHFR A1298C (n=10, 22.7%),
PAI 4G/5G (n=9, 20.5%), and FVL (n=5, 11.4%), while
the most common heterozygous mutations were PAI
4G/5G (n=26, 59.1%), MTHFR A1298C (n=19, 43.2%),
and MTHFR C677T (n=16, 36.4%). The distribution of
mutations was shown in Table 2 and Figure 2.

In PTE patients under 50 years old without acquired risk
factors, the most common heterozygous mutation identified
was PAI 4G/5G (n=17, 70.8%), while in patients with a
history of recurrent PTE, the most common heterozygous
mutation was MTHFR A1298C (n=10, 52.6%, Table 3).
Protein C and protein S levels were assessed in 26
patients, while AT IlIl and APCR were assessed in 16
patients. The mean AT III level was 103.3+£20.2%, with one

Table 1. Demographic features (n=44)
Age (years), mean+SD

Overall 46.5+17.3
Female 56.7+18.7
Male 41.8+€14.7
Gender, n (%)
Female 14 (31.8)
Male 30 (68.2)
Comorbidity and Risk Factors, n (%)
Deep vein thrombosis 16 (36.4)
Hypertension 8 (18.2)
Ischemic heart disease 4(9.1)
Diabetes 3(6.8)
COPD 3(6.8)
Asthma 2 (4.5)
Cerebrovascular disease 1(2.3)
Pulmonary Thromboembolism Risk, n (%)
Low Risk 19 (43.2)
Intermediate Risk 19 (43.2)
intermediate-low risk 12 (27.3)
intermediate-high risk 7 (15.9)
High Risk 6 (13.6)

SD: standard deviation, COPD: chronic obstructive pulmonary disease

Hereditary Risks in Pulmonary Embolism

patient having a low level of 78%. The mean protein S
level was 80.2+40.6%, and it was found to be low in 4
patients. The mean protein C level was 102.2+26.3%, and
it was found to be low in 2 patients. The mean APCR was
0.88+0.1. APCR deficiency was not observed (Table 4).
In PTE patients with low risk, the most common mutations
were MTHFR A1298C and PAI 4G/5G (n=15, 78.9%).
The most common mutation was PAI 4G/5G both in
intermediate-low risk patients (n=11, 91.7%) and in
intermediate-high risk patients (n=5, 71.4%), while
MTHFR A1298C (n=5, 83.3%) was the most common
mutation in high-risk patients (Table 5).

Table 2. Distribution of hereditary risk factors (n=44)
Factor V Leiden, n (%)

Heterozygous 11 (25.0)

Homozygous 5(11.4)

No mutation 28 (63.6)
Prothrombin G20210A, n (%)

Heterozygous 7 (15.9)

Homozygous 3(6.8)

No mutation 34 (77.3)
MTHFR C677T, n (%)

Heterozygous 16 (36.4)

Homozygous 3(6.8)

No mutation 25 (56.8)
MTHFR A1298C, n (%)

Heterozygous 19 (43.2)

Homozygous 10 (22.7)

No mutation 15 (34.1)
PAI 4G/5G, n (%)

Heterozygous 26 (59.1)

Homozygous 9 (20.5)

No mutation 9 (20.5)
Factor X111, n (%)

Heterozygous 12 (27.3)

Homozygous 0 (0.0)

No mutation 32 (72.7)

Distribution of Hereditary Risk Factors in PTE Patients
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- Hom
o M

Percentage (%)
=
&

MTHFR: methylenetetrahydrofolate reductase, PAI: plasminogen activator inhibitor

Table 3. Distribution of mutations according to clinical features
Age <50 Recurrent Familial

Years PTE PTE
(n=24) (n=19) (n=1)

Factor V Leiden, n (%)

Homozygous 1(4.2) 4(211) 0(0.0)

Heterozygous 8(33.3) 3(158) 0(0.0)
Prothrombin G20210A, n (%)

Homozygous 0(0.0) 3(15.8) 0(0.0)

Heterozygous 5(20.8) 2(10.5) 0(0.0)
MTHFR C677T, n (%)

Homozygous 8(333) 1(5.3) 0(0.0)

Heterozygous 2(83) 8(421) 0(0.0)
MTHFR A1298C, n (%)

Homozygous 5(20.8) 4(21.1) 0(0.0)

Heterozygous 9(375) 10(52.6) 0(0.0)
PAI 4G/5G, n (%)

Homozygous 4(16.7) 4(21.1) 1(100)

Heterozygous 17 (70.8) 9(47.4) 0(0.0)
Factor X111, n (%)

Homozygous 0(0.0)0 0(0.0) 0(0.0)

Heterozygous 8(333) 4(211) 0(0.0)

Figure 2. Distribution of hereditary risk factors in patients
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MTHFR: methylenetetrahydrofolate reductase, PAI: plasminogen activator
inhibitor, PTE: pulmonary thromboembolism
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DISCUSSION

As aresult of this study, a significant number of hereditary
risk factors were identified in PTE patients without
acquired risk factors. In particular, homozygous mutations
were found as follows: MTHFR A1298C in 10 (22.7%)
patients, PAI 4G/5G in 9 (20.5%) patients, FVL in 5 (11.4%)
patients, and PT G20210A in 3 (6.8%) patients; while
heterozygous mutations were most commonly observed in
PAI 4G/5G (n=26, 59.1%), MTHFR A1298C (n=19, 43.2%),
MTHFR C677T (n=16, 36.4%), Factor XII1 (n=12, 27.3%),
FVL (n=11, 25%), and PT G20210A (n=7, 15.9%). In the
present study, the causes of hereditary thrombophilia were
detected in 4 (15%) patients with protein S deficiency and
2 (7.6%) patients with protein C deficiency. Furthermore,
it has been reported that genetic polymorphisms such as
MTHFR (C677T, A1298C), FVL, and PT G20210A are
considered risk factors for thromboembolism. However,
certain genetic mutations like F13 V34L polymorphism
may provide a protective role against thrombosis (6).
Many studies have been conducted on hereditary risk
factors in patients with PTE. Rossi et al. (7) found that
different types of hereditary thrombophilia significantly
affected the incidence of symptomatic PTE, with AT Il
deficiency increasing the PTE risk when combined with
the PT G20210A gene mutation, while it decreased the risk
when combined with FVL. Similarly, Turan et al. (4)
observed a high prevalence of genetic mutations such as
FVL and protein S deficiency in patients with recurrent
pulmonary embolism episodes, emphasizing the need for
comprehensive screening of at-risk populations to conduct

Table 4. Hereditary thrombophilia blood level

Hereditary Thrombophilia Available
Protein C Deficiency, n (%) (n=26) 2 (7.6)
Protein S Deficiency, n (%) (n=26) 4 (15.0)
AT 111 Deficiency, n (%) (n=16) 1(6.3)
APCR, n (%) (n=16) 0(0.0)

AT: antithrombin, APCR: activated protein C resistance

Hereditary Risks in Pulmonary Embolism

careful genetic testing. Komsa-Penkova et al. (8) highlighted
that hereditary thrombophilias, such as FVL and PT
G20210A, make individuals more susceptible to developing
pulmonary embolism. Similarly, Brandimarti et al. (9)
demonstrated the presence of multiple genetic mutations
involved in the development of pulmonary embolism by
examining thrombophilia-related specific genes in the
post-mortem tissues of individuals who died from PTE.
Many studies with varying results have been conducted
using retrospective and case-control designs to determine
the frequency of genetic risk factors in identifying
etiological causes. Most of these studies focused on
screening for genetic risk factors in patients with acquired
risk factors. In the present study, however, genetic risk
factors were screened in patients with PTE who did not
have identified acquired risk factors.

In the study by Turan et al. (4) evaluating hereditary
thrombophilias in patients with PTE, FVL was identified
in 19.1% of patients (18% heterozygous, 1.1% homozygous);
PT G20210A in 3.4% (all heterozygous); MTHFR C677T
in 58.4% (51.7% heterozygous, 6.7% homozygous);
MTHFR A1298C in 53.3% (52.8% heterozygous, 0.9%
homozygous); AT Il deficiency in 1.1%; protein C
deficiency in 5.7%; protein S deficiency in 13.6%; and
APCR in 34.2%. In the study by Gurgey et al. (10)
investigating FVL and PT G20210A mutations in 146
patients with thrombosis, FVL was identified in 30.8% of
patients (26% heterozygous, 4.8% homozygous), PT
G20210A in 6.8% (all heterozygous), and both FVL and
PT G20210A mutations in 4.1% of patients. In the study
by Kalkanl et al. (11) evaluating FVL mutations in 61
patients with venous thrombosis, the FVL mutation was
identified in 24.6% of patients (22.9% heterozygous, 1.6%
homozygous). Results of the present study demonstrated,
as observed in previous studies, that these mutations have
a high prevalence. Notably, FVL and PT G20210A
homozygous mutations were detected at a higher rate
compared to the studies by Turan etal. (4), Gurgey et al. (10),
and Kalkanli et al. (11), whereas heterozygous mutations
were identified at rates similar to those reported.

Table 5. Distribution of mutations according to pulmonary thromboembolism risk

Low (n=19) Intermediate-Low (n=12) Intermediate-High (n=7) High (n=6)

Factor V Leiden, n (%)

Homozygous 3(15.8) 2 (16.7) 0(0.0) 0 (0.0)

Heterozygous 4(21.1) 3(25.0) 2 (28.6) 2 (33.3)
Prothrombin G20210A, n (%)

Homozygous 1(5.3) 2 (16.7) 0(0.0) 0 (0.0)

Heterozygous 2 (10.5) 3(25.0) 2 (28.6) 0 (0.0)
MTHFR C677T, n (%)

Homozygous 2 (10.5) 0(0.0) 1(14.3) 0 (0.0)

Heterozygous 6 (31.6) 6 (50) 2 (28.6) 2 (33.3)
MTHFR A1298C, n (%)

Homozygous 3(15.8) 3(25.0) 2 (28.6) 2 (33.3)

Heterozygous 12 (63.2) 2 (16.7) 2 (28.6) 3(50.0)
PAI 4G/5G, n (%)

Homozygous 5 (26.3) 2 (16.7) 1(14.3) 1(16.7)

Heterozygous 10 (52.6) 9 (75.0) 4 (57.1) 3(50.0)
Factor XI11, n (%)

Homozygous 0(0.0) 0(0.0) 0(0.0) 0 (0.0)

Heterozygous 7 (36.8) 2 (16.7) 1(14.3) 2 (33.3)

MTHFR: methylenetetrahydrofolate reductase, PAI: plasminogen activator inhibitor, PTE: pulmonary thromboembolism
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In their case-control study, Kupeli et al. (12) evaluated
genetic risk factors for PTE in the Turkish population,
including 80 PTE patients and 104 healthy individuals, and
found no association between the presence or absence of
acquired risk factors and genetic risk factors.
Heterozygous FVL (14.2%), heterozygous PT G20210A
mutation (15.2%), and homozygous MTHFR C677T (23.8%)
were significantly higher among the patients. In a
subgroup analysis comparing patients with and without
acquired risk factors, the homozygous MTHFR C677T
gene mutation (46.3%) was significantly higher in those
without acquired risk factors, while the PAI 4G/5G gene
mutation was high in both groups. In a case-control study
by Oguzulgen et al. (13) with 143 PTE patients and 200
controls, it was found that the FVL mutation was
significantly higher in the patient group (21%) compared
to the control group (7.7%). However, no significant
differences were observed between the patient and control
groups for PT G20210A and PAI 4G/5G, leading to the
conclusion that PAI is not a risk factor for PTE. In the
subgroup analysis of 33 patients without acquired risk
factors, no FVL or PT G20210A mutations were detected:;
in this subgroup, PAI was detected in 45.5% of patients,
compared to 51.5% in the control group. In a case-control
study conducted by Okumus et al. (14) with 191 PTE
patients and 191 controls, FVL and protein C deficiency
were found to be significantly higher in PTE patients
compared to the control group, while no significant
differences were found regarding protein S, AT activities,
homocysteine levels, and PT G20210A mutations. In a
case-control study conducted by Délek et al. (15) with 270
DVT patients and 114 controls, FVL (DVT: 28.3%,
control: 3.5%) and PT G20210A (DVT: 8.6%, control:
1.8%) were significantly higher in patients compared to the
control group. Although MTHFR C677T (DVT: 49.8%,
control: 39.5%) and MTHFR A1298C (DVT: 63.2%,
control: 56.1%) gene mutations were higher in both
groups, no significant difference was observed. In another
case-control study conducted by Erkekol et al. (16) with
64 PTE patients and 64 controls, the FVL mutation was
significantly higher in the patient group (26.9%), while no
significant difference was observed for the PT G20210A
mutation between the two groups. In the present study,
heterozygous mutations of FVL, PT G20210A, MTHFR,
and PAI 4G/5G were found at a high rate, similar to the
case-control studies. However, unlike other studies,
homozygous mutations, except for Factor XIlII, were
detected at a higher rate. This suggests that excluding
acquired risk factors in this study to create a more isolated
group for assessing genetic risk factors may have
contributed to this difference, and that homozygous
mutations, in addition to heterozygous mutations, could
increase the risk of PTE.

In the literature review, no studies were found regarding
the frequency of genetic risk factors stratified by the early
mortality risk level of PTE. In Oguzulgen et al.'s (13)
study, no acquired risk factors were found in 7 out of 32
high-risk patients, and genetic analysis in these patients
revealed FVL in 6 cases and PT G20210A in 2 cases. In
this study, unlike others, genetic risk factors were also
evaluated based on the early mortality risk level of PTE.
No correlation was observed between pulmonary
embolism risk classes of 2019 ESC Guidelines and genetic
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factors. In low-risk patients, homozygous PAI 4G/5G was
found in 26.3%, and heterozygous MTHFR A1298C was
found in 63.2%. In intermediate-low risk patients,
homozygous MTHFR A1298C was found in 25%, and
heterozygous PAIl 4G/5G was found in 75%. In
intermediate-high risk patients, homozygous MTHFR
A1298C was detected, and heterozygous PAI 4G/5G was
found in 57.1%. In high-risk patients, homozygous
MTHFR A1298C was found in 33.3%, and heterozygous
PAI 4G/5G was found in 50%. It was thought that the
reason why homozygous mutation was less common than
homozygous mutation in high-risk patients was that the
synergistic effect of heterozygous mutations was
unknown.

The limitations of the study include a small sample size, a
single-center and retrospective design, and the lack of a
case-control design. Additionally, not all genetic factors
were fully evaluated in PTE, and protein C, protein S, AT
111, and APCR were not tested in all patients. This may
have affected the results, preventing a full representation
of the true picture. Another limitation is the failure to
assess the combined effects of multiple genetic mutations
or their interactions with acquired risk factors.

CONCLUSION

This study highlights the presence of genetic mutations
such as PAI 4G/5G, MTHFR A1298C, MTHFR C677T,
FVL, Factor XIII, and PT G20210A in patients with PTE.
The results show a high prevalence of genetic causes,
especially in patients under 50 years of age with no
acquired risk factors, no history of recurrent PTE or
thrombophilia in any family member. Future studies that
integrate genetic screening into clinical practice, involve
larger sample sizes in multicenter research, include a
broader range of genetic tests, and examine the combined
effects of multiple genetic mutations or their interactions
with acquired risk factors could help identify high-risk
individuals, facilitate targeted prevention measures,
reduce disease incidence, and improve patient outcomes.
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ABSTRACT

Aim: Brucellosis is a significant public health problem with high morbidity. Its most frequent
complication is osteoarticular involvement. The study aimed to evaluate the relationship of
osteoarticular involvement with clinical features and prognosis in children with brucellosis.
Material and Methods: This retrospective study included pediatric patients between the ages
of 1 and 18 years who were hospitalized and diagnosed with brucellosis between 2015 and
2020, and were regularly followed up. and all their findings and osteoarticular involvement
data within the last two years were recorded. Clinical features, laboratory findings,
osteoarticular involvement, and relapse rates of the patients were evaluated.

Results: A total of 80 patients were included study. During the follow-up period, relapse
developed in 14 (17.5%) patients. The most commonly affected joints were right (40%, n=32)
and left (26.3%, n=21) hips, then right (27.5%, n=22) and left (23.8%, n=19) knees. Shoulder
joint involvement rates and C-reactive protein (CRP), erythrocyte sedimentation rate (ESR),
alanine transaminase (ALT), and aspartate aminotransferase (AST) levels were statistically
significantly higher in the relapse group (p=0.016, p=0.003, p=0.001, p<0.001, p<0.001,
respectively). There was no significant difference in demographic characteristics, clinical
features, and treatment responses of the patients between age groups, except weakness and
sweating complaints that were high among older children (p=0.036).

Conclusion: High admission ALT, AST, CRP, and ESR levels in brucellosis cases with
osteoarticular involvement and the presence of shoulder joint involvement, albeit rarely, can
be a warning sign in terms of relapse. Patients should be closely followed up in terms of
brucellosis complications.

Keywords: Brucellosis; osteoarthritis; sacroiliac joint; shoulder joint; relapse.

0z

Amag: Bruselloz, yiiksek morbiditeye sahip 6nemli bir halk saglig1 sorunudur. En sik goriilen
komplikasyonu osteoartikiiler tutulumdur. Bu ¢aligmanin amaci, bruselloz tanili ¢ocuklarda
osteoartikiiler tutulumun klinik 6zellikler ve prognoz ile iliskisini degerlendirmektir.

Gerec ve Yontemler: Geriye doniik bu ¢alismaya, 2015 ve 2020 yillar1 arasinda bruselloz
tanisiyla hastaneye yatirilan ve diizenli takipleri yapilan 1 ile 18 yas araligindaki pediatrik
hastalar dahil edildi. Son iki yildaki tiim bulgular1 ve osteoartikiiler tutulum verileri kaydedildi.
Hastalarin klinik 6zellikleri, laboratuvar bulgulari, osteoartikiiler tutulum ve niiks oranlari
degerlendirildi.

Bulgular: Calismaya toplam 80 hasta dahil edildi. Takip siiresinde hastalarin 14 (%17,5)
hastada relaps gelisti. En sik etkilenen eklemler sag (%40, n=32) ve sol (%26,3, n=21) kalgalar,
ardindan sag (%27,5, n=22) ve sol (%23,8, n=19) dizlerdi. Omuz eklem tutulum oranlari ile
C-reaktif protein (CRP), eritrosit sedimantasyon hizi (ESH), alanin transaminaz (ALT) ve
aspartat aminotransferaz (AST) diizeyleri relaps grubunda istatistiksel olarak anlamli sekilde
daha yiiksekti (sirastyla p=0,016, p=0,003, p=0,001, p<0,001, p<0,001). Sadece yas1 biiyiik
cocuklarda daha yiiksek olan giigsiizliik ve terleme sikayetleri disinda (p=0,036), hastalarin
demografik 6zellikleri, klinik &zellikleri ve tedavi yanitlar1 bakimindan yas gruplari arasinda
anlamli bir farklilik yoktu.

Sonug: Osteoartikiiler tutulumu olan bruselloz olgularinda yiiksek basvuru ALT, AST, CRP
ve ESR diizeyleri ve nadir de olsa omuz eklem tutulumunun varlig: relaps agisindan uyarici
olabilir. Hastalar bruselloz komplikasyonlari agisindan yakindan takip edilmelidir.

Anahtar kelimeler: Bruselloz; osteoartrit; sakroiliak eklem; omuz eklemi; relaps.
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INTRODUCTION

Brucellosis is a zoonotic disease caused by gram-negative
Brucella species bacteria (1). Its incidence rate varies
between 0.3-100/100.000 and from region to region, and
the incidence rate of osteoarticular involvement varies
between 10-85% all around the world (2). This disease is
more frequently seen in developing countries, infects
humans through direct contact with infected animals,
inhalation, and consumption of non-pasteurized milk or
dairy products, and leads to severe problems, especially
in children (1-3). It is endemic in certain regions of
Tirkiye (3). The disease affects mostly hematological,
gastrointestinal, cardiorespiratory, and musculoskeletal
systems (1,4). It has a low mortality, but delayed or
inappropriate/inadequate treatment increases its morbidity
risk (4,5). This disease puts patients at risk in terms of
severe complications and relapse (5).

The most frequent complication seen in brucellosis is
osteoarticular involvement, which can cause severe
morbidity (6,7). Osteoarticular brucellosis covers arthritis,
tenosynovitis, bursitis, sacroiliitis, spondylitis, and
osteomyelitis. Detailed physical examination and history
are necessary for correct diagnosis and treatment
management in order not to overlook cases of brucellosis
with osteoarticular involvement. Data on the effect of joint
involvement sites on the rate of relapse are limited.

The study aimed to evaluate osteoarticular involvement in
cases with brucellosis, along with patient characteristics
and in line with the literature, and to reveal its relationship
with the clinical features and the prognosis in terms of
demonstrating their quality of life.

MATERIAL AND METHODS

Eighty cases between the ages of 1 and 18 years who were
hospitalized and diagnosed with brucellosis in the
pediatric clinic of our hospital between 2015 and 2020
were regularly followed up, and all their findings and
osteoarticular involvement data within the last two years
were recorded. Those having joint dysplasia, arthritis,
chronic arthritis, and trauma before the diagnosis were
excluded from the study.

A form was developed to record the patients’ age, gender,
admission duration, complaints, intra-family infection,
physical examination findings, and detailed joint findings,
as well as admission whole blood count, acute phase
reactants (erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP) value), liver function tests, serum creatinine
values, Brucella standard tube agglutination test, Coombs
test, blood culture results, if any, radiological examination
results, if any, and all information covering treatment
approaches, duration, and results. An increase in the
Brucella tube agglutination test values of the patients
within six months of the follow-up and/or the development
of clinical findings (any of them: fever, hepatomegaly,
splenomegaly, weakness, and/or arthralgia or arthritis) was
defined as relapse.

In addition to clinical symptoms and findings, brucellosis
was diagnosed when the Brucella standard tube agglutination
test was positive (1/160 titer), or there was at least a four-
fold increase in the titer in serum samples collected with
an interval of 2-3 weeks, and/or Brucella spp. bacteria
developed in the blood or sterile body fluid culture. If the
patient's complaints lasted less than 2 months, it was

Duzce Med J, 2025;27(1)

Osteoarticular Brucellosis in Children

considered acute, if between 2 months and 1 year, it was
considered subacute, and if it continued for more than 1
year, it was considered chronic brucellosis (5,6). All cases
were examined with abdominal ultrasonography (USG).
Osteoarticular involvement means arthralgia and arthritis.
For determining arthritis, in addition to arthralgia,
movement limitation, increased interarticular fluid, and
edema were evaluated. Only leg pain or joint pain was not
evaluated as joint involvement. Joint USG was performed
on patients for whom clinical osteoarticular involvement
was detected. Abdominal USG was performed on every
patient with brucellosis diagnosis admitted to the service
in order to screen for the presence of hepatosplenomegaly
that could not be detected during examination. Joint USG
was performed on all patients. Magnetic resonance
imaging (MRI) was performed on only 3 patients. The
standard treatment approach in children older than 8 years
is a combination of doxycycline with rifampin and/or
gentamicin. Doxycycline is not used in children younger
than 8 years because it causes discoloration of the teeth. In
this age group, gentamicin, streptomycin, or rifampicin
treatments are added to trimethoprim-sulfamethoxazole
treatment (5,6).

Patients were divided into three groups according to their
ages as 1-5 years, 6-11 years, and >12 years. Patients who
did not show complete clinical recovery within 4 weeks,
and especially those with slow regression of joint findings,
were considered to have a partial response. All results were
recorded from patient files.

The study was approved by the local ethics committee of
the Kafkas University (26.02.2020, 06/22).

Statistical Analysis

The data was evaluated using the IBM SPSS v.26.0
software. The Shapiro-Wilk and Kolmogorov-Smirnov
normality tests were used to determine the distribution
patterns of the variables. Continuous data are presented as
mean and standard deviation, or median, accompanied by
the interquartile range, minimum-maximum values. The
Mann-Whitney U test and Student’s t-test were used for
comparisons between two groups of continuous variables,
and the Kruskal-Wallis test and One-Way ANOVA tests
were used for comparisons between more than two groups,
respectively. The chi-squared test, Fisher's exact test, and
Fisher-Freeman-Halton test were used to analyze
categorical variables. Statistical significance will be
accepted at the level of p<0.05.

RESULTS

Of the 80 patients with osteoarticular involvement
included in the study, 54 (67.5%) were male and 26 (32.5%)
were female. The median age was 12 (range, 1-17) years.
52.5% (n=42) of the cases were admitted in the summer,
and 95% (n=76) of the patients had a history of
livestock/domestic transmission, while 70% (n=56) had a
history of raw milk/dairy products consumption.

All patients had arthralgia. While 57.5% (n=46) of the
patients were admitted with monoarthritis/arthralgia,
42.5% (n=34) presented with at least 2 joint involvements.
Weakness and sweating complaints were significantly
higher in older children (p=0.036). Among the most
frequently involved joints, the right hip was involved by
40% (n=32), the left hip by 26.3% (n=21), the right knee
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by 27.5% (n=22), and the left knee by 23.8% (n=19).
93.7% (n=75) of the patients presented with an acute
clinic, while 6.3% (n=5) had a subacute clinic. Rose
Bengal and agglutination test positivity was 93.8% (n=75)
and 96.3% (n=77), respectively, and the growth rate in
blood/joint aspirate culture was 6.3% (n=5). Demographic
and clinical characteristics of the patients were presented
in Table 1.

Blood cultures were taken from 42 patients, but positivity
was detected in 3 patients. Joint fluid cultures were taken
from 2 patients, and positivity was detected. Kx result
information could not be accessed from the file or the
system. The file contained information that a growth signal
was received.

Relapse developed in 14 (17.5%) patients within six
months. Septic arthritis developed only in two patients, a
13-year-old female and a 14-year-old male. Response to
non-complication treatment was taken, and they
recovered. No headache was seen in patients with relapse,
while there were 19 (28.8%) patients with headache in
those without (p=0.003). ESR (p=0.001), CRP (p=0.003),

Osteoarticular Brucellosis in Children

ALT (p<0.001), and AST (p<0.001) values at admission
were found statistically significantly higher in the relapse
group. There was no other significant difference between
the patients with and without relapse (Table 2).

The rate of sacroiliac joint was higher in the relapse group,
but the difference was not at the level of statistical
significance (p=0.068). On the other hand, shoulder joint
involvement both for left and right shoulders was found
significantly higher in the patients with relapse (p=0.016).
No other significant difference was found in joint
involvement sites between the patients with and without
relapse (Table 3).

DISCUSSION

In the present study, relapse developed in 14 out of the 80
children diagnosed with brucellosis, accompanied by
active osteoarticular involvement. The most frequent
involvement was the hip, and the upper extremity joints
were rarely involved. Admission ALT, AST, CRP, and
ESR values were higher, and shoulder joint involvement
was more frequent in the patients with relapse.

Table 1. Demographic characteristics, clinical features, and treatment responses of the patients

1-5 years 6-11 years 12-18 years Total
(n=9) (n=23) (n=48) (n=80)
Gender, n (%)
Male 5 (55.6) 14 (60.9) 35 (72.9) 0.430 54 (67.5)
Female 4 (44.4) 9 (39.1) 13 (27.1) ' 26 (32.5)
Follow-up period (months) 28.33+12.91 21.98+2.49 22.55+1.81 0.941 22.28+1.37
Admission Season, n (%)
Spring 3(33.3) 2(8.7) 6 (12.5) 11 (13.8)
Summer 4 (44.4) 10 (43.5) 28 (58.3) 42 (52.5)
Autumn 1(11.1) 4 (17.4) 7 (14.6) 0.427 12 (15.0)
Winter 1(11.1) 7(30.4) 7 (14.6) 15 (18.8)
Livestock/Domestic Transmission, n (%) 8 (88.9) 21 (91.3) 47 (97.9) 0.199 76 (95.0)
Raw Milk/Dairy Product Consumption, n (%) 4 (44.4) 15 (65.2) 37 (77.1) 0.123 56 (70.0)
Fever, n (%) 8(88.9) 17 (73.9) 38 (79.2) 0.723 63 (78.8)
Weakness/Sweating, n (%) 0(0.0) 7(30.4) 21 (43.8) 0.036 28 (35.0)
Stomachache, n (%) 3(33.3) 4 (17.4) 7 (14.6) 0.360 14 (17.5)
Headache, n (%) 5 (55.6) 4 (17.4) 10 (20.8) 0.056 19 (23.8)
Joint Involvement, n (%)
Monoarthritis/arthralgia 8 (89.9) 12 (52.2) 26 (54.2) 0.128 46 (57.5)
Polyarthritis/arthralgia 1(11.1) 11 (47.8) 22 (45.8) ' 34 (42.5)
Joint Involvement, n (%)
Monoarthritis/arthralgia 8 (88.9) 12 (52.2) 26 (54.2) 46 (57.5)
2 1(11.1) 7(30.4) 14 (29.2) 0.791 22 (27.5)
3 0(0.0) 2(8.7) 4 (8.3) ' 6 (7.5)
>4 0 (0.0 2(8.7) 4 (8.3) 6 (7.5)
Hepatosplenomegaly, n (%) 1(11.1) 4(17.4) 10 (20.8) 0.919 15 (18.9)
Neurological Involvement, n (%) 0 (0.0 0(0.0) 2(4.2) >0.999 2(2.5)
Rose Bengal (+), n (%) 8(88.9) 22 (95.6) 45(93.7) 0.632 75 (93.8)
Agglutination test (+), n (%) 9 (100) 22 (95.6) 46 (95.8) >0.999 77 (96.3)
Blood/Joint Aspirate Culture (+), n (%) 1(11.1) 1(4.3) 3(6.3) 0.632 5(6.3)
Treatment, n (%)
TMP-STX + Genta 9 (100) 10 (43.5) - 19 (23.8)
Dox + RIF + Genta - 13 (56.5) 48 (100) 61 (76.2)
Treatment Response, n (%)
Full Response 7 (10.6) 20 (30.3) 39 (59.1) 0.756 66 (82.5)
Partial Response 2 (14.3) 3(21.4) 9 (64.3) ) 14 (17.5)

TMP-STX: trimethoprim sulfamethoxazole, Genta: gentamicin, Dox: doxycycline, RIF: rifampicin, patients who did not show complete clinical recovery within 4 weeks,
and especially those with slow regression of joint findings, were considered to have a partial response
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Table 2. Evaluation of patients with and without relapse in terms of demographic characteristics and laboratory results at
admission

Relapse (+) (n=14) Relapse (-) (n=66) p

Age Group, n (%)

1-5 years 2(14.3) 7 (10.6)

6-11 years 3(21.4) 20 (30.3) 0.756

12-18 years 9 (64.3) 39 (59.1)
Gender, n (%)

Male 9 (64.3) 45 (68.2) 0763

Female 5 (35.7) 21 (31.8) '
Admission Season, n (%)

Spring 3(21.4) 8(12.1)

Summer 9 (64.3) 33 (50.0) 0435

Autumn 1(7.1) 11 (16.7) '

Winter 1(7.1) 14 (21.2)
Fever, n (%) 12 (85.7) 51 (77.3) 0.722
Weakness/Sweating, n (%) 7 (50.0) 21 (31.8) 0.226
Stomachache, n (%) 0(0.0) 14 (21.2) 0.114
Headache, n (%) 0 (0.0 19 (28.8) 0.033
Joint Involvement, n (%)

Monoarthritis/arthralgia 9 (64.3) 37 (56.1) 0572

Polyarthritis/arthralgia 5 (35.7) 29 (43.9) '
Joint Involvement, n (%)

Monoarthritis/arthralgia 9 (64.3) 37 (56.1)

2 3(21.4) 19 (28.8)

3 1(7.) 5 (7.6) 0.954

>4 1(7.1) 5(7.6)
Hepatosplenomegaly, n (%) 3(21.4) 12 (18.2) 0.720
Neurological Involvement, n (%) 1(7.1) 1(1.7) 0.321
WBC (/mm3) 6.1 (5.5-6.8) [3.3-8.2] 6.5 (5.1-7.9) [3.2-13.5] 0.449
Hb (g/dL) 13.2 (12-14) [10-15.6] 13.3 (12-14) [8.3-16.7] 0.819
PLT (/mm3) 263.5 (242-324) [192-414] 282.5 (230-358) [170-473] 0.767
ESR (mm/hour) 25 (14-39) [4-67] 8 (5-20) [2-37] 0.001
CRP (mg/dL) 1.3 (0.1-3.7) [0.04-8.9] 0.3 (0.1-0.9) [0.01-4.85] 0.003
ALT (U/L) 131 (60-226) [29-388] 30 (22-56) [11-141] <0.001
AST (U/L) 96 (78-119) [21-382] 25 (15-51) [10-211] <0.001
Urea (mg/dL) 22.92+6.56 24.0446.75 0.574
Creatinine (mg/dL) 0.54+0.19 0.57+0.16 0.563

WABC: white blood cell, Hb: hemoglobin, PLT: platelet, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, ALT: alanine transaminase, AST: aspartate
aminotransferase, descriptive statistics for numerical variables were presented as median (25"-75" percentile) [minimum-maximum] or meanzstandard deviation

Table 3. Evaluating the relationship between the osteoarticular involvement site and relapse

Relapse (+) (n=14) Relapse (-) (n=66) p Total (n=80)
Right Hip, n (%) 7 (50.0) 25 (37.9) 0.400 32 (40.0)
Left Hip, n (%) 3(21.4) 18 (27.3) 0.751 21 (26.3)
Right Knee, n (%) 2 (14.3) 20 (30.3) 0.328 22 (27.5)
Left Knee, n (%) 3(21.4) 16 (24.2) >0.999 19 (23.8)
Right Ankle, n (%) 0 (0.0) 9 (13.6) 0.348 9 (11.3)
Left Ankle, n (%) 0 (0.0) 7 (10.6) 0.344 7(8.8)
Sacroiliac Joint, n (%) 4 (28.6) 6 (9.1) 0.068 10 (12.5)
Right Shoulder, n (%) 3(21.4) 1(1.5) 0.016 4 (5.0)
Left Shoulder, n (%) 3(21.4) 1(1.5) 0.016 4 (5.0)
Right Elbow, n (%) 1(7.1) 1(1.5) 0.321 2(2.5)
Left Elbow, n (%) 0 (0.0) 6(9.1) 0.584 6 (7.5)
Right Wrist, n (%) 1(7.1) 5 (7.6) >0.999 6 (7.5)
Left Wrist, n (%) 2 (14.3) 3(4.5) 0.209 5(6.3)
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Various studies conducted on Brucella reported that the
highest risk factor for the disease was non-pasteurized
dairy products, especially cheese (2,8-10). Likewise, in the
present study, the patients had a history of direct raw
milk/dairy products consumption by 70% (n=56) and
livestock/domestic transmission by 95% (n=76).

The clinical course can be acute, subacute, and chronic.
The disease can sometimes display subclinical and
localized infection symptoms (9). 93.8% of the
complaints of patients in the present study developed
acutely. The main clinical symptoms seen in children with
brucellosis are fever, loss of appetite, weight loss, diffuse
muscle, joint pain, headache, stomachache, and night
sweats (3,9,10). The main complaints of the patients in this
study were fever, arthralgia, weakness and sweating,
headache, and stomachache, which were compatible with
the literature.

In the laboratory, the gold standard for diagnosis is culture
positivity, but it is highly difficult to detect. The culture
positivity rate in studies is around 3-36% (5,11,12).
Therefore, when serological tests are not helpful for
diagnosis, producing microorganisms in blood, bone
marrow, or other infected tissue cultures and joint
aspiration material can help with diagnosis (11). In the
present study, blood/joint fluid culture positivity was
determined in 6.3% (n=5) of the patients. In the whole
blood count, we can find some clues. Mild leukocytosis is
expected in the whole blood count in the presence of
brucellosis with osteoarticular involvement (5). The
related studies revealed a distinct increase in acute-phase
reactants, especially in the inflammation period (13,14).
In the present study, acute phase reactants as well as ALT
and AST values were distinctively higher than the
admission laboratory values of the patients with relapse. In
their study, Bozukluhan et al. (15) found that serum ALT
and AST values were significantly higher in brucellosis
cases compared to healthy controls. It is known that ALT
and AST values increase in case of inflammation in the
liver (15,16). Higher values in patients with relapse can
indicate that subclinical inflammation will continue.

The involvement mostly manifests itself in the joints as
arthritis. The incidence rate of this involvement varies
between 10-85% all around the world. In another study,
Brucella arthritis incidence was reported to vary between
10% and 56% (8,17). It was compatible with the literature.
The most frequently involved joints are large joints such
as the knee, hip, ankle, and sacroiliac joints. It is rarely
seen in the upper extremities (4,6,7,18). Joint
involvements determined in the present study are
compatible with the literature. Arthritis is generally in the
form of monoarthritis or asymmetrical peripheral
oligoarthritis (6,7). Likewise, monoarthritis/arthralgia
percentage (57.5%) was higher than in polyarthritis
patients in the present study. 42.5% of the cases had
involvement in more than one joint. Brucella arthritis
generally does not cause destruction or permanent
functional disorder. Response to treatment is good, and
relapse is rarely seen. Joint symptoms did not repeat in
patients with relapse in the present study (2,17,19).

In brucellosis cases who did not develop complications,
relapse rates ranged between 3.6-4.5%, while high relapse
rates were reported (10.6-21%) in cases with focal and
osteoarticular involvements (20,21). In the present study,
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the relapse rate of the patients with osteoarticular
involvement was 17.5% (n=14), which was slightly higher
compared to the literature. This situation can be explained
by the fact that 95% of the patients in the present study
were engaged in livestock, as well as high risks of
interfamily and recurrent infections.

Among joint involvements in adult brucellosis cases,
sacroiliitis is the most frequently seen clinical form, and its
incidence rate has been reported to vary between 8-20% by
numerous studies. Sacroiliac involvement has been
reported in 10-60% of the cases with arthritis (2,22,23).
Sacroiliitis is mostly unilateral and seen in young patients
in an acute disease course. Sacroiliac involvement is more
rarely seen in young children. Some studies have reported
mostly knee and hip localization (8,24). In the present
study, the sacroiliac involvement rate was 12.5%. This
high rate might have been because the majority of the
patients were 12-18 years old. In line with the literature,
the highest involvements were observed in the hip and
knee joints.

A previous study reported that peripheral involvement
rates were detected in the sternoclavicular joint (4.5%),
wrist (2.4%), elbow (1.07%), and shoulder (0.6%) (25).
Shoulder involvement, right and left elbow involvement,
and right and left wrist involvement were slightly higher
in the present study compared to other studies. In addition,
relapse rates of shoulder joint involvement were higher.
There are studies in the literature reporting that the
presence of osteoarticular involvement is associated with
relapse (26); however, data on which joint involvement is
limited.

Nervous system involvement is a serious complication that
is seen at rates of 2.6-14.4% in adults and 1-2.2% in
children (25,26). Neurological complications include such
as meningitis, meningoencephalitis, cranial nerve
involvement, and radiculitis (27). Mortality of these
complications is low, but the probability of sequela is high.
In the present study, 2.5% of the patients were diagnosed
with meningoencephalitis, and they recovered without
sequela.

The limitation of the study was that the first relapse group
was small. Second, joint MRI could not be performed on
every patient. The patients were followed up for
approximately 22 months, but long-term results of 5-10
years could not be evaluated. The strength of the study was
that it was conducted in childhood and produced
hypotheses about the relationship between the location of
joint involvement and relapse.

CONCLUSION

High admission ALT, AST, CRP, and ESR levels in
brucellosis cases with osteoarticular involvement and the
presence of shoulder joint involvement, albeit rarely, can
be a warning sign in terms of relapse. Therefore, these
patients should be followed more carefully, maybe they
should receive the treatment at the maximum dose and
frequency, and if possible, they should be treated as
hospitalized, which may be a suggestion to reduce relapse
rates. However, for all these, new studies need to be
planned regarding the duration and type of treatment.
There is a need for further studies with larger populations.
Patients should be closely monitored in terms of
complications.
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ABSTRACT

Aim: Tracheobronchial foreign body aspiration (FBA) is a leading cause of accidental injury
and sudden death in childhood. This study aimed to categorize pediatric patients under the age
of 16 years with tracheobronchial FBA into distinct age groups, compare gender distribution,
assess clinical and radiological findings, characterize the types of aspirated foreign body (FB),
and evaluate preventive measures to reduce the incidence of FBA.

Material and Methods: This retrospective study included patients under the age of 16 years
who were evaluated for suspected tracheobronchial FBA between 2010 and 2019. The patients
were categorized into four age groups: <3 years, 4-7 years, 8-10 years, and >10 years.
Results: Among the 132 patients included, 80 (60.6%) were male, and 52 (39.4%) were
female. The FBA was found to be significantly (p=0.003) most prevalent among males aged
<3 years (72.7%, n=32) and among females aged >10 years (59.2%, n=29). The type of
aspirated FB significantly varied by age group, with dried nuts being the most aspirated in
children <3 years (50.0%, n=22), stationery items in the 8-10 years (47.1%, n=8), and
headscarf needles in the >10-year (36.7%, n=18) groups (p<0.001).

Conclusion: The type of aspirated FBs varies according to age and cultural factors. The
severity of FBA-related complications depends on the size, shape, and location of the aspirated
object, as well as the patient’s age, duration of aspiration, and degree of airway obstruction.
Enhancing public awareness, facilitating early diagnosis, and ensuring prompt treatment are
crucial for minimizing FBA-related complications and mortality.

Keywords: Foreign body; tracheobronchial aspiration; bronchoscopy; child.

0z

Amag: Trakeobronsiyal yabanci cisim aspirasyonu (YCA), c¢ocukluk caginda kazara
yaralanmalarin ve ani Oliimlerin dnde gelen nedenidir. Bu ¢alismada, trakeobronsiyal YCA
olan 16 yas alt1 gocuklarm farkli yas gruplarina gore kategorize edilmesi, cinsiyet dagiliminin,
klinik ve radyolojik bulgularm, aspire edilen yabanci cisim (YC) tiplerinin karsilagtirilarak
YCA insidansinin azaltilmasi i¢in koruyucu énlemlerin degerlendirilmesi amaglanmustir.
Gere¢ ve Yontemler: Bu geriye doniik ¢alismaya 2010 ve 2019 yillar1 arasinda
trakeobronsiyal YCA siiphesi ile degerlendirilen 16 yasindan kiigiik hastalar dahil edilmistir.
Hastalar dort yas grubuna ayrilmistir: <3 yas, 4-7 yas, 8-10 yas ve >10 yas.

Bulgular: Calismaya dahil edilen 132 hastadan 80'i (%60,6) erkek ve 52'si (%39,4) kadind1.
YCA'nin, <3 yas erkeklerde (%72,7; n=32) ve >10 yas kadinlarda (%59,2; n=29) anlamli
olarak en yaygin oldugu bulundu (p=0,003). Aspire edilen YB tipleri yas grubuna gére anlamli
bir sekilde degisiyordu; kuru yemisler <3 yas ¢ocuklarda (%50,0; n=22), kirtasiye malzemeleri
8-10 yas grubunda (%47,1; n=8) ve basortiisii igneleri ise >10 yas grubunda (%36,7; n=18) en
cok aspire edildi (p<0,001).

Sonug: Aspire edilen YC tiirleri yas grubuna ve kiiltiirel faktorlere gore degismektedir. YCA
ile iligkili komplikasyonlarin siddeti, aspire edilen cismin biyiikligiine, sekline ve
lokalizasyonuna, ayrica hastanin yasina, aspirasyon siiresine ve hava yolu tikanikliginin
derecesine baglidir. Kamuoyunun farkindaligini artirmak, erken taniy: kolaylastirmak ve hizli
tedaviyi saglamak, YCA ile iliskili komplikasyonlari ve mortaliteyi en aza indirmek i¢in gok
onemlidir.

Anahtar kelimeler: Yabanci cisim; trakreobrongiyal aspirasyon; bronkoskopi; ¢ocuk.
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INTRODUCTION

Tracheobronchial foreign body aspiration (FBA) is most
commonly observed in pediatric populations and
constitutes a medical emergency necessitating prompt
diagnosis and intervention. The severity of FBA-related
complications depends on the size, shape, and location of
the aspirated object, as well as the patient’s age, duration
of aspiration, and degree of airway obstruction. In severe
cases, FBA can result in life-threatening complications and
even death (1-3). In the United States, 160 children under
the age of 14 died due to FBA in 2000, and it accounts for
7% of deaths in children under the age of 3 (2-5).

The type of foreign body (FB) aspirated varies according
to age, geographic region, dietary habits, seasonal factors,
and socioeconomic conditions. Studies have shown that in
children under 3 years of age, the most frequently aspirated
FBs are nuts and seeds, such as hazelnuts, peanuts, and
roasted chickpeas (1,6,7). In Muslim societies like Tiirkiye,
headscarf needle aspiration is a significant concern in girls
aged 10 years and older (8). The primary treatment for
FBA in children is rigid bronchoscopy, while fiberoptic
bronchoscopy (FOB) may be used in selected cases (9).
Delayed diagnosis and treatment can lead to recurrent lung
infections, irreversible atelectasis, and bronchiectasis,
potentially necessitating lung resection (1,5). Moreover,
hypoxic-ischemic encephalopathy has been reported due
to prolonged airway obstruction (10). Therefore, early
diagnosis and intervention are critical to prevent serious
complications and fatalities (1,2,10).

Aspirated FBs differ by age group. Children under 3 years
commonly aspirate nuts and food particles, preschool-aged
children often aspirate toy parts, school-aged children
frequently aspirate stationery items such as pen caps and
springs, and adolescent girls (>10 years old) are at high
risk for headscarf needle aspiration (1,8,11).

This study aimed to categorize pediatric patients under 16
years of age with FBA into distinct age groups, compare
gender distribution, characterize the FB types, assess
clinical presentations and radiological findings, and
identify preventive strategies to reduce FBA-related
morbidity and mortality.

MATERIAL AND METHODS

This retrospective study analyzed 291 patients evaluated
for suspected tracheobronchial FBA between 2010 and
2019 in our clinic. Among these, 151 patients (51.9%)
were below 16 years. Nineteen (12.6%) patients in whom
FBs could not be detected during clinical and radiological
evaluations were excluded from the study.

A total of 132 patients (87.4%) under the age of 16 with
confirmed FBA were included in the study. The patients
were categorized into four age groups: <3 years, 4-7 years,
8-10 years, and >10 years.

The differences between the groups were analyzed in
terms of gender, presenting symptoms, physical
examination findings, radiological findings, time from
aspiration to hospital admission, FB type, localization,
treatment approach, and procedural complications. The
time to hospital admission was defined as the interval
between the aspiration event or the onset of symptoms and
the patient’s presentation to the hospital.

For all patients, posteroanterior chest radiographs were
obtained during inspiration. In cases where the initial
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radiographic findings were normal, additional expiratory
or lateral radiographic images were taken to enhance
diagnostic accuracy.

Bronchoscopy Treatment Protocol

The treatment approach was determined based on patient
history, physical examination, and radiological findings.
In cases where radiological evaluation did not confirm the
presence of an FB, but anamnesis and/or physical
examination suggested aspiration, the families were
informed about the potential risks, and further evaluation
was conducted. For patients with severe dyspnea due to
tracheobronchial FB obstruction, rigid bronchoscopy was
performed under general anesthesia (GA) in an emergency
setting. In other cases, prior to bronchoscopy, the
following laboratory tests were conducted: complete blood
count, comprehensive biochemical analysis, coagulation
tests, and blood group determination. Bronchoscopy was
performed after a minimum 5-hour fasting period. FOB
was used as an adjunctive treatment in cases where the FB
was located in the distal airways or the upper lobe
bronchus and could not be accessed using rigid
bronchoscopy. Surgical intervention was performed for
cases in which the FB could not be removed despite all
endoscopic attempts. A comprehensive evaluation of the
central airway, including both bronchial systems, was
performed to rule out bilateral FBA. Following rigid
bronchoscopy under GA, patients were monitored in the
intensive care unit for 2 hours. For cases in which
bronchoscopy lasted longer than 20 minutes, oxygen therapy
via mask, nebulized steam therapy, and steroid treatment
were administered. A post-procedural chest X-ray was
routinely performed following bronchoscopy.

Ethical approval for this study was obtained from the
Kegioren Training and Research Hospital Clinical
Research Ethics Committee (09.03.2021, 2249).
Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics for the variables
in the study were expressed as numbers and percentages.
Chi-square or Fisher's exact test was calculated to
determine the relationships between categorical variables.
A p-value of <0.05 was considered statistically significant.

RESULTS

Among the 132 patients included in the study, 80 (60.6%)
were male and 52 (39.4%) were female. The mean age of
the patients was 8.4+5.5 (range, 1-16) years. When
analyzed by age groups, males predominantly belonged in
the <3-year-old group, whereas females were
predominantly in the >10-year-old group, with a
statistically significant difference (p=0.003).

The largest proportion of patients (37.1%, n=49) belonged
to the >10-year-old group, followed by the <3-year-old
group (33.3%, n =44).

The majority (64.4%, 85) of the patients across all age
groups were admitted within the first 24 hours following
aspiration. However, in the <3-year-old group, seven
patients had no history of aspiration, and they were
referred to our clinic by the pediatrics department due to
chronic cough and suspected FBA. All remaining patients
had a confirmed history of aspiration.
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The most frequently reported symptoms in patients were
cough (70.5%, n=93) and shortness of breath (40.2%, n=53).
However, no statistically significant difference was
observed between the age groups (p=0.141 and p=0.723,
respectively). Additional symptoms included cyanosis and
vomiting, which were more common in the <3-year-old
group, while chronic infection and shortness of breath
were more frequently observed in the >10-year-old group.
No statistically significant relationship was observed.
However, wheezing was found to be significantly more
frequent in the <3 years age group (p=0.032). Physical
examination findings were generally unremarkable;
however, diminished breath sounds were the second most
common finding in the <3-year-old group (p=0.069).
Chest X-rays were normal in 59 (44.7%) patients, whereas
FBs were directly visualized in 28 (21.2%) patients. When
evaluated according to age groups, FBs were detected most
frequently in the >10 age group. A statistically significant

Table 1. Patient characteristics according to age groups

Foreign Body Aspirations for Children

relationship was observed between chest X-ray findings
and age groups (p<0.001, Table 1, Figure 1).
Bronchoscopy was performed as an emergency procedure
in 29 (22.0%) patients due to severe respiratory distress,
while in the remaining cases, the procedure was
conducted under elective conditions. Under GA, rigid
bronchoscopy was performed in 104 (78.8%) cases, while
FOB with local anesthesia and sedation was performed in
28 (21.2%) cases.

In terms of FB localization, 88 (66.7%) cases had FBs in
the right bronchial system, 34 (25.8%) cases had FBs in
the left bronchial system, 10 (7.5%) cases in the trachea,
and 56 (42.4%) cases in the lower lobes (Table 1).

The FBs were most frequently located in the main
bronchus in the <3-year-old group, while they were most
commonly found in the lower lobes in the >10-year-old
group. No statistical significance was found in FB
localization between age groups (p=0.138).

<3 years

4-7 years 8-10 years >10 years

(n=44) (n=22) (n=17) (n=49) P
Gender, n (%)
Female 12 (27.3) 8(36.4) 3(17.6) 29 (59.2) 0.003
Male 32 (72.7) 14 (63.6) 14 (82.4) 20 (40.8) ’
Admission Time, n (%)
0-24 h 25 (56.8) 14 (63.6) 15 (88.2) 31(63.3)
<7 day 11 (25.0) 4(18.2) 1(5.9) 9 (18.4) 0.506
>7 day 8 (18.2) 4 (18.2) 1(5.9) 9 (18.4)
Symptoms, n (%)
Cough, n (%) 29 (65.9) 12 (54.5) 14 (82.4) 38 (77.6) 0.141
Shortness of breath, n (%) 16 (36.4) 11 (50.0) 6 (35.3) 20 (40.8) 0.723
Wheezing, n (%) 5(11.4) 0(0.0) 1(5.9) 0(0.0) 0.032
Cyanosis, n (%) 7(15.9) 3(13.6) 0(0.0) 3(6.1) 0.184
Chronic infection, n (%) 3(6.8) 2(9.1) 0 (0.0 5(10.2) 0.684
Vomiting, n (%) 5(11.4) 1(4.5) 1(5.9) 2(41) 0.594
Physical Examination, n (%)
Normal 18 (40.9) 13 (59.1) 12 (70.6) 34 (69.4)
Ral/ronkus 11 (25.0) 3(13.6) 2(11.8) 8 (16.3) 0.069
Diminished breath sounds 13 (29.5) 3(13.6) 2 (11.8) 3(6.1) ’
Stridor 2(45) 3(13.6) 1(5.9) 4(8.2)
Chest X-ray, n (%)
Normal 22 (50.0) 12 (54.5) 4 (23.5) 21 (42.9)
Foreign body 0 (0.0) 3(13.6) 7(41.2) 18 (36.7)
Obstructive emphysema of the lung 9 (20.5) 2(9.1) 1(5.9) 0(0.0) <0.001
Atelectasis 9 (20.5) 2(9.1) 3 (17.6) 1(2.0)
Consolidation 4(9.1) 3(13.6) 2 (11.8) 9 (18.4)
Side, n (%)
Right 29 (65.9) 12 (54.5) 13 (76.5) 34 (69.4)
Left 14 (31.8) 7(31.8) 3(17.6) 10 (20.4) 0.391
Trachea 1(2.3) 3(13.6) 1(5.9) 5(10.2)
Location, n (%)
Trachea 1(2.3) 3 (13.6) 1(5.9) 5(10.2)
Main bronchus 20 (45.5) 6 (27.3) 5 (29.4) 10 (20.4)
Upper bronchus 2 (4.5) 0(0.0) 0 (0.0) 2(4.1) 0.138
Intermediate bronchus 4(9.1) 1(4.5) 4 (23.5) 12 (24.5)
Lower bronchus 17 (38.6) 12 (54.5) 7(41.2) 20 (40.8)
Foreign Body, n (%)
Dried nuts 22 (50.0) 7(31.8) 5(29.4) 5(10.2)
Food scraps 7 (15.9) 5 (22.7) 1(5.9) 10 (20.4)
Headscarf needle 0(0.0) 2(9.1) 2 (11.8) 18 (36.7) <0.001
Toys 14 (31.8) 3(13.6) 1(5.9) 0 (0.0)
Stationery items 1(2.3) 5 (22.7) 8 (47.1) 16 (32.7)
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The type of aspirated FBs significantly varied by age
group (p<0.001). The most frequently aspirated objects
were dried nuts for <3 years, stationery items were the
most commonly aspirated objects in 8-10 years, and the
most frequently aspirated object was the headscarf needle
for >10 years (Table 1, Figure 2).

In two cases where headscarf needles were lodged in the
distal bronchial system and could not be removed via rigid
bronchoscopy, bronchotomy with posterolateral thoracotomy
was performed for FB extraction.

Post-bronchoscopy complications included bronchospasm
in 8 (6.1%) cases, laryngeal edema in 14 (10.6%) cases,
and desaturation in 21 (15.9%) cases. These patients were
treated with steroids, anti-inflammatory agents,
bronchodilators, and oxygen therapy. Following the
procedure, 107 (81.1%) patients were discharged on the
same day, 23 (17.4%) patients were discharged 1 day post-
procedure, and 2 (1.5%) patients who underwent
thoracotomy were discharged on postoperative day 5. No
mortality was recorded during the study period.

DISCUSSION

The FBA can be a life-threatening condition in children,
necessitating immediate diagnosis and intervention. The
incidence of FBA is significantly higher (53-92.1%) in
children <3 years of age (1,5,7,10,12). Additionally, in
Muslim countries, a distinct pattern is observed among
adolescent females, where the aspiration of headscarf
needles is particularly common, with a median age of 14
years (8). The high incidence of FBA in young children is
attributed to several factors, including their natural tendency
to explore objects with their mouths, the absence of molar
teeth, which makes chewing difficult and results in food
being held in the mouth, and the increased risk of aspiration
during crying or laughing. Other contributing factors
include playing with age-inappropriate toys, consumption
of unsuitable foods, and inadequate parental supervision
due to unawareness or lack of education (1,13-16).
Interestingly, our study differs from previous reports as we
identified a significantly higher incidence of FBA in
children >10 years of age compared to those <3 years. We
hypothesize that this discrepancy may be due to the referral
patterns in our healthcare system. As our institution is a
thoracic surgery clinic, younger children are more
frequently referred to the pediatric surgery clinic,
potentially leading to an underrepresentation of this age
group in our dataset.

The male predominance in FBA is well-documented in the
literature, with rates ranging from 63-65% for males and
34-36% for females (1,3,5). In our study, the distribution
was 60.6% male and 39.4% female, aligning with these
findings. While the male-to-female ratio was higher in
younger age groups, we observed a reverse trend in
children >10 years. This reversal is likely due to the high
prevalence of headscarf needle aspiration among adolescent
females, a practice by Muslim women in Tiirkiye, who use
these needles to secure their headscarves.

The timing of admission following aspiration varies, with
most cases presenting within the first 24 hours (10-50%),
while 22-57.6% seek medical attention within the first
week, and 3.9-20% present after 1 week (9,17-19). Our
study is consistent with the literature, as the majority of all
patients were admitted within the first 24 hours.
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Figure 1. a) A 12-year-old female patient, chest X-ray
plain shows a headscarf needle in the right lower lobe
bronchus, b) the lateral chest X-ray; ¢) A 9-year-old male
patient, chest X-ray plain shows a thumbtack right
intermediate bronchus, d) the lateral chest X-ray

Figure 2. Some of the tracheobronchial foreign bodies

The clinical presentation of FBA depends on several
factors, including the elapsed time since aspiration, the
size and location of the FB, and the degree of airway
obstruction. The classic triad of FBA symptoms includes a
sudden-onset cough, shortness of breath, and wheezing
with decreased unilateral breath sounds. These findings are
crucial for early diagnosis (7,15,20). In our study, cough
was the most frequently reported symptom across all age
groups.

Although physical examination findings are often
unremarkable, decreased breath sounds are commonly
observed in young children due to airway obstruction (1,5).
Our results are consistent with those of previous reports,
as decreased breath sounds were the most common
physical examination finding in our study group.

In all suspected cases, radiological imaging is essential to
determine the localization of the FB. The primary imaging
modalities include anteroposterior and lateral chest X-rays
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and thoracic computed tomography. In cases where the FB
is radiopaque, it can be easily visualized on imaging studies.
However, radiolucent FBs may not be directly detectable,
and instead, secondary changes such as atelectasis,
emphysema, or pneumonia may indicate aspiration (5,21).
It is crucial to perform lateral chest X-rays, as radiopaque
objects positioned behind mediastinal structures may not
be visible on anteroposterior imaging. However, it is
important to note that 24-30% of FBs may not cause
significant radiological changes, leading to false-negative
results (21-23). The sensitivity and specificity of radiological
evaluations have been reported as 62-77% and 57-74%,
respectively (24,25). Therefore, normal chest X-rays do not
rule out FBA, and in cases of persistent clinical suspicion,
bronchoscopy should be performed (21,22). In our study,
radiological findings were normal in most cases, aligning
with previous literature. However, the radiopaque headscarf
needle could be detected in radiological imaging.

A detailed patient history is a cornerstone in diagnosing
FBA. However, young children are highly active, and
aspiration events often occur outside of parental
supervision, leading to unreported or unnoticed incidents.
Consequently, clinical findings are more critical than
radiology or history-taking in young children, and
bronchoscopy should be performed in suspected cases,
even in the absence of a definitive history (26,27).
Bronchoscopy remains the gold standard for both diagnosis
and treatment of FBA (27). Rigid bronchoscopy is
preferred in pediatric patients due to its wide lumen, ability
to accommodate large forceps, and simultaneous ventilation
capability (2,28). However, some studies advocate for
FOB, as it does not require GA and allows for better access
to the upper lobe and small-diameter bronchi (29,30). In
our study, rigid bronchoscopy under GA was performed in
104 (78.8%) cases, while FOB was utilized in 28 (21.2%)
cases where the FB was located in the distal airways or
upper lobes. Negative bronchoscopy rate varies 10-37.7%
in the literature (11,18,27,29). Considering the potential
complications of undiagnosed FBA, such as lung infections,
abscesses, and bronchiectasis, this rate is considered
acceptable. In our study, the negative bronchoscopy rate
was 12.6%, consistent with prior research.

Surgical removal of FBs via thoracotomy may be necessary
in cases where the FB is peripherally located and cannot
be extracted through endoscopy. Kaptanoglu et al. (8,31)
reported the need for thoracotomy and bronchotomy in 1
out of 63 cases and 2 out of 121 cases involving headscarf
needle aspiration. Similarly, in a large cohort of 1,035
cases, Hasdiraz et al. (32) performed thoracotomy in six
cases, including lobectomy in four cases due to distal FB
localization. In our study, two out of 18 patients with
aspirated headscarf needles required thoracotomy and
bronchotomy, and the FBs were successfully removed.
FBs are most commonly detected in the right bronchus, as
it is shorter, wider, and more vertical, resembling the
trachea (33). However, in children, the left main bronchus
is anatomically closer to the right main bronchus, which
can result in a more balanced distribution of FBs (2). In
previous studies, FB localization rates were reported as
34% in the trachea, 34-51% in the right bronchial system,
and 15-53% in the left bronchial system (5,29,34,35). Our
findings were consistent, with the majority of FBs detected
in the right bronchial system.
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The type of FB aspirated is influenced by cultural and
dietary habits. Young children (<3 years) most commonly
aspirate nuts and seeds, whereas school-aged (8-10 years)
children frequently aspirate stationery items, pen caps,
springs, and fasteners (1,3,6). In Muslim countries like
Tirkiye, adolescent girls commonly aspirate headscarf
needles due to their habit of holding them in their mouths
while adjusting their headscarves (8,30,36). In our study,
dried nuts were the most frequently aspirated objects in
the <3-year-old group, stationery items in school-aged
children (8-10 years), and headscarf needles in children
>10 years. Notably, four children <10 years of age
aspirated headscarf needles while their mothers were
tying their headscarves.

Complications associated with FBA or removal occur in
1-14.6% of cases. Failure to remove FBs may result in
bronchospasm, hypoxia, laryngeal edema,
pneumomediastinum, and pneumothorax (5,7,10,37).
Most critically, hypoxic-ischemic encephalopathy can be
fatal (3-5,10). Liang et al. (38), in their series of 2000
cases, reported 15 fatalities, seven of which were due to
acute obstructive asphyxia during aspiration, while the
remaining eight resulted from chronic asphyxia and
respiratory circulatory failure. In our study, some cases
developed bronchospasm, laryngeal edema, and desaturation
following bronchoscopy; however, all responded to
medical treatment, and no mortality was observed.

This study has certain limitations. It is a single-center,
retrospective study conducted at a single hospital.

CONCLUSION

Delayed diagnosis of FBA increases the risk of severe
complications, including recurrent lung infections, lung
abscess, and bronchiectasis. In some cases, thoracotomy
may be required to remove the FB, and lung resection may
become necessary due to irreversible lung damage.
Therefore, we emphasize the critical importance of
prevention, early diagnosis, and timely intervention in
cases of FBA.

To reduce the risk of aspiration, children under the age of
3 should be fed in accordance with their developmental
stage, and foods with a high risk of aspiration should be
provided in safe, child-friendly forms. Small objects
should be kept out of children's reach, and toys should be
selected based on their durability and safety features.
Additionally, warning labels regarding choking hazards
should be placed on toys. Educational programs should be
developed, particularly targeting parents, to increase
awareness and prevention. School-age children and
teachers should also be informed about the risks and
preventive measures.

Considering the significant Muslim population worldwide,
headscarf needle aspiration presents a serious health
concern. We recommend that headscarf needles be
designed with larger heads to prevent accidental
aspiration. Women should exercise caution while using
headscarf needles and should avoid holding them in their
mouths while wearing a headscarf.

A detailed history of FBA should be meticulously
obtained. In cases with a history or suspicion of
aspiration, bronchoscopy should be performed promptly
under appropriate conditions to facilitate early diagnosis
and treatment.
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ABSTRACT

Aim: Cisplatin, one of the effective chemotherapeutics in cancer treatment, has the potential
to affect the testis and ovary, leading to permanent or temporary infertility. This study aimed
to determine the acute effects of cisplatin on testis and ovary histology and to investigate
whether it induces any changes in immunohistochemical cyclooxygenase-2 (COX2), nuclear
factor kappa B p65 (NFkB-p65), and heat-shock protein 70 (HSP70) levels.

Material and Methods: The study was planned as four groups: male control, male cisplatin,
female control, and female cisplatin. The cisplatin group rats were adminestered with 7 mg/kg
cisplatin, and all rats were sacrificed 24 hours later. Hematoxylin-eosin and Masson's
trichrome stains were applied to testis and ovary tissues to examine their histopathological
structure, and an immunohistochemistry staining protocol was applied to determine
immunostaining intensity of COX2, NFxB-p65, and HSP70.

Results: In the cisplatin group, a decrease in seminiferous tubule epithelium, an elevation in
fibrotic response in the interstitial area, and a notable reduction in Johnson testicular biopsy
score (p<0.001) were seen in the testis. In the ovary, atretic follicles (p=0.006) and luteal
structures within the cortex, as well as vascular congestion (p=0.001), edema (p=0.001), and
fibrotic areas within the medulla, were evident. These alterations resulted in a statistically
significant increase in ovarian histoscores, except for leukocyte infiltration (p=0.322). In both
tissues, cisplatin significantly increased the immunostaining intensity of COX2, NFxB-p65,
and HSP70 compared to the control group.

Conclusion: Acute cisplatin administration can induce tissue damage and pro-inflammatory
response in the testis and ovary.

Keywords: Cisplatin; testis; ovary; cyclooxygenase-2; NF-kappa B p65; heat-shock protein 70.
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Amagc: Kanser tedavisinde etkili kemoterapotiklerden biri olan sisplatin, testis ve overi
etkileyerek kalici veya gegici infertiliteye yol agma potansiyeline sahiptir. Bu ¢aligma, sisplatinin
testis ve over histolojisi lizerindeki akut etkilerini belirlemeyi ve immiinohistokimyasal
siklooksijenaz-2 (COX2), niikleer faktor kappa B p65 (NFkB-p65) ve 1s1-sok protein 70 (HSP70)
diizeylerinde herhangi bir degisiklige neden olup olmadigin1 arastirmay1 amaglamustir.

Gerec ve Yontemler: Calisma dort grup olarak planlandi: erkek kontrol, erkek sisplatin, disi
kontrol ve disi sisplatin. Sisplatin grubu siganlara 7 mg/kg sisplatin uyguland: ve tiim siganlar
24 saat sonra sakrifiye edildi. Testis ve over dokularina histopatolojik yapilarini incelemek
amactyla hematoksilen-eozin ve Masson trikrom boyalar1 uygulandi ve COX2, NF«xB-p65 ve
HSP70'in immiin boyama yogunlugunu belirlemek amaciyla immiinohistokimya boyama
protokolii uygulandi.

Bulgular: Sisplatin grubunda, testiste seminifer tiibiil epitelinde azalma, interstisyel alanda
fibrotik yanitta artig ve Johnson testikiiler biyopsi skorunda kayda deger bir azalma (p<0,001)
goriildii. Overde, kortekste atretik folikiiller (p=0,006) ve luteal yapilar yani sira medullada
vaskiiler konjesyon (p=0,001), 6dem (p=0,001) ve fibrotik alanlar belirgindi. Bu degisiklikler,
16kosit infiltrasyonu (p=0,322) disinda, over histoskorlamasinda istatistiksel olarak anlamli bir
artisla sonuglandi. Her iki dokuda da, sisplatin, kontrol grubuna kryasla COX2, NFxB-p65 ve
HSP70 immiin boyanma yogunlugunu énemli 6l¢iide artirdi.

Sonug: Akut sisplatin uygulamasi, testiste ve overde doku hasarina ve proinflamatuar yanita
yol agabilir.

Anahtar kelimeler: Sisplatin; testis; over; siklooksijenaz-2; NF-kappa B p65; 1s1-sok protein 70.
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INTRODUCTION

Since obtaining Food and Drug Administration approval
in 1978, cisplatin has been utilized as the first
chemotherapy drug to contain heavy metal compounds due
to its platinum content. It has been employed both as a
monotherapy and in combination with other antineoplastic
agents (1,2). The cytotoxic effects of this drug are
mediated by its ability to bind to DNA, leading to cell
cycle arrest and DNA damage, which in turn activate
apoptosis (3,4). Cisplatin has the potential to impact the
physiological functions of various systems by inducing
toxicity in both healthy and tumor cells (5). Furthermore,
the toxicity of cisplatin, which may have adverse effects
on numerous organs, including the reproductive system (6),
restricts its use in treating various types of solid tumors.
Due to the presence of cells with elevated mitotic activity,
the testis and ovary are particularly susceptible to
chemotherapeutic agents (7,8).

Heat shock proteins are molecules induced in response to
a variety of physiological and environmental stimuli,
including inflammatory processes. These molecules,
which also function as molecular chaperones, contribute to
the protection of cells by recognizing misfolded and mutated
proteins (9-11). One of these molecules, heat-shock
protein 70 (HSP70), is capable of fulfilling anti-apoptotic,
anti-inflammatory, and antioxidant functions based on its
intracellular and extracellular localization (12). The
HSP70 protein has the capacity to inhibit the activity of
nuclear factor kappa B (NFkB), which in turn reduces the
expression of tumor necrosis factor alpha (TNF-a) and
interleukin-6  (IL-6), thus attenuating inflammatory
responses in various cell types (13).

The transcription factor NFxB serves a regulatory function
in immune responses, stimulating the activity of
cyclooxygenase-2 (COX2) and iNOS enzymes and the
release of proinflammatory mediators. This molecule has
been demonstrated to be sensitive to the effects of
oxidative stress (14). Moreover, abnormalities in the
NF«B signaling pathway have been linked to a range of
pathological disorders, including various inflammatory
diseases and malignancies. Accordingly, the inhibition of
NFxB may facilitate an effective strategy for the
alleviation of ovarian damage. One of the inflammatory
agents encoded by the NFxB gene, COX2, has been
demonstrated to enhance cytokine production concomitant
with reactive oxygen species (ROS) production in normal
tissues (15,16).

The objective of this study was to ascertain the impact of
cisplatin on the histology of rat testicular and ovarian
tissue, as well as on the immunoreactivity of COX2,
NF«B p65 (NFxB-p65), and HSP70.

MATERIAL AND METHODS

Animal Care

Approval for the utilization of twelve male and twelve
female adult Wistar albino rats sourced from the Erciyes
University Experimental Animal Application and
Research Centre was obtained from the Animal
Experiment Local Ethics Committee of the Erciyes
University (dated 06.03.2024, and numbered 24/056). The
rats had a 12-hour light/dark cycle, were kept in hygienic
cages at 22-24°C, and were fed commercial pellets and
water in accordance with their preferences.
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Experimental Design

The experiment was composed of four groups, with a total
of twenty-four animals, as detailed below: Control male
group: The rats were not subjected to any treatment.
Cisplatin male group: A single dose (7 mg/kg) of cisplatin
was administered intraperitoneally (17). Control female
group: The rats were not subjected to any treatment.
Cisplatin female group: A single dose of (7 mg/kg)
cisplatin was administered intraperitoneally (18).
Twenty-four hours after cisplatin administration, all
animals were euthanized using a xylazine (10 mg/kg) and
ketamine (60 mg/kg) combination as general anesthetic
agents. Testicular and ovarian tissues were promptly
subjected to a 10% formaldehyde solution for subsequent
histopathological and immunohistochemical examination.
Histopathological Examination

Following a fixation period of 72 hours in formaldehyde,
a histological follow-up procedure was conducted. After
the completion of the dehydration, transparency, and
paraffin blocking processes, respectively, 5 pm-thick
sections were obtained. For the purpose of enabling
examination under a light microscope, the tissue sections
underwent staining with hematoxylin and eosin (H&E)
and Masson's trichrome (MT).

The degree of testicular damage was quantified using the
Johnsen testicular biopsy score (JTBS). Histological
evaluations of seminiferous tubules according to the JTBS
and identification were given in Table 1 (19). Accordingly,
X indicates normal spermatogenesis, 1X indicates multiple
spermatozoa with irregularities in the germinal epithelium,
VIII indicates a small number of spermatozoa, VII-II
indicates maturation arrest, and a score of | indicates the
complete absence of cells in the seminiferous tubules (20).
In order to detect ovarian damage, twenty non-overlapping
fields were randomly selected for analysis at 40x
magnification, and the mean values for each group were
subsequently evaluated. Ovarian scoring was conducted in
accordance with the criteria for hemorrhage, edema,
follicular  degeneration, vascular congestion, and
leukocyte infiltration. In order to assess the severity of the
histopathological damage in the ovarian tissue section, a
scoring system that adopted the specified criteria was
employed, with scores ranging from 0 to 3 (21-23).
Immunochistochemistry Analysis

The testis and ovary sections on polylysine-coated slides
underwent immunohistochemical staining for COX2,
NF«B-p65, and HSP70 by the avidin-biotin peroxidase
method. The paraffin removal process, utilizing xylene,
rehydration with a series of progressively lower alcohol
concentrations, and subsequent rinsing with distilled
water, was completed in that order. The sections for
antigen retrieval were incubated with citrate buffer
solution in a 95°C microwave for 10 min, followed by
incubation in the same solution and duration at room
temperature. After washing in PBS, they were incubated
with 3% hydrogen peroxide for 12 minutes to eliminate
endogenous peroxidase activation. Following exposure to
the ultra V block component of the immunostaining Kit,
primary antibodies were applied to the sections overnight
at 4°C. The biotinylated secondary antibody solution and
the peroxidase-conjugated streptavidin solution, both
provided in the kit, were incubated for 10 minutes each.
Three times, PBS washing was conducted at the conclusion
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Table 1. Qualitative histological assessments of the seminiferous tubules according to the Johnsen testicular biopsy score

Score ldentification of histological findings

[y

There are no cellular structures within the tubules.
Sertoli cells are present in the absence of germ cells.

Only a few spermatocytes are present.

Only a few spermatozoa are present.

© 00 N O Ol B~ WwN

=
o

Among the germ cells, only spermatogonia are available.

The presence of several or many spermatocytes in the absence of spermatozoa and spermatids.
The presence of a few spermatids in the absence of spermatozoa.
The presence of many spermatids in the absence of spermatozoa.

The presence of many spermatozoa and germinal epithelial debris in the tubular lumen.
There are numerous spermatozoa resulting from spermatogenesis and tubules with regular germinal epithelium and lumen.

of each chemical treatment. The sections were subjected to
chromogen staining with diaminobenzidine and core staining
with Mayer hematoxylin. Subsequent to the application of
distilled water, a series of progressively higher alcohol
concentrations and xylenes were employed to impregnate
the sections with entellan. In order to ascertain the degree
of immunostaining for COX2, NF«xB-p65, and HSP70 in
the testis and ovary, ten distinct areas from each rat in the
experimental group were evaluated using the Imagel
software program.

Statistical Analysis

The normality of the histopathological scoring and
immunohistochemical measurements of the ovarian and
testicular tissues was established through the utilization of
both the Shapiro-Wilk and Kolmogorov-Smirnov tests.
Non-normally distributed immunostaining data were
evaluated using the Mann-Whitney U test, and as
descriptive statistics, the median with interquartile range,
and minimum-maximum were presented. The data
analysis, conducted with the aid of the GraphPad Prism 9
program (San Diego, CA), was accepted as statistically
significant if the p-value was less than 0.05.

RESULTS

Histopathological Results

In HE-stained sections, the testicular tissue of control
group rats was observed to comprise seminiferous
tubules and interstitial connective tissue. The seminiferous
tubule epithelium displayed a normal testicular
architecture, comprising cells of the spermatogenic series
at varying developmental stages. These cells were
observed to be located from the basement membrane to
the lumen, with spermatozoa present in the lumen. In the
acute cisplatin-treated rats, a reduction in the number of
spermatozoa was observed within the lumen of some
tubules, with the absence of spermatozoa noted in others.
Furthermore, the seminiferous tubule epithelium was
observed to be disorganized, with a tendency to shed into
the lumen (Figure 1).

The assessment of MT-stained sections was undertaken
with the objective of determining the presence of fibrotic
changes in the testicular tissue. The control group testes
exhibited no alterations in the capsule thickness or the area
of connective tissue within the tubules. In the group treated
with cisplatin, an increase in fibrotic tissue was observed,
notably in the vessel walls within the connective tissues,
when compared to the control group (Figure 1A).
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In terms of JTBS score, a notable decrease was discerned
in the cisplatin group in comparison to the control group,
with a statistical significance (p<0.001, Table 2). The
JTBS findings, together with the related images
representing the histology of the experimental groups,
were presented in Figure 1B.

Table 2. Comparison of JTBS between the groups
Control Cisplatin p
JTBS 10 (8-10) [7-10]  5(4-5)[1-9]  <0.001

JTBS: Johnsen testicular biopsy score, descriptive statistics were presented as
median (25"-75" percentile) [minimum-maximum]

A Control

H&E

control cisplatin

Figure 1. A) HE and MT stained testicular sections, and
B) JTBS of experimental groups

HE: hematoxylin-eosin staining, 200x, MT: Masson’s trichrome staining, 200x,
JTBS: Johnsen testicular biopsy score, seminiferous tubules (st, encircled by black
circle), lumen (L), interstitial connective tissue (ict), spermatogenic series (ss, blue
bracket), sperm (yellow arrow), shedding of spermatogenic cells (red arrow),
reduction of the quantity of spermatozoa (star), decreased seminiferous tubule
epithelial thickness (green bracket), fibrosis (orange arrow)
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In HE-stained sections, the ovarian tissue of the control
group appeared healthy, with its medulla and cortex
containing follicles at different stages of development. In
the cisplatin-treated group, the cortex exhibited a prevalence
of corpus luteum and follicles with impaired structure. In
this group, the scores of vascular congestion (p=0.001),
hemorrhage (p<0.001), edema (p=0.001), and follicular
degeneration (p=0.006), except for the leukocyte
infiltration (p=0.322), were significantly elevated in
comparison to the control group (Figure 2, Table 3).

MT -stained ovarian sections of the cisplatin group exhibited
blue-stained fibrotic structures extending from the medulla
of the ovarian tissue to the cortex. These fibrotic structures
were not present in the control group (Figure 2A).
Immunohistochemical Analysis

After acute cisplatin-induced testicular and ovarian
toxicity, immunohistochemical staining was performed on
testicular and ovarian sections to determine the
immunoreactivity of COX2, NFxB-p65, and HSP70
proteins (Table 4). In the cisplatin groups, there was a
notable enhancement in COX2, NF«xB-p65, and HSP70
immunostaining intensity in both the testis (p<0.001,
p=0.049, p<0.001) and ovary (p=0.045, p=0.005, p=0.010)
when compared to the control group (Figures 3 and 4).

DISCUSSION

In the cisplatin-administered group, deterioration in the
structure of the epithelial cells of the seminiferous tubules
was observed, along with a reduction in the number of
spermatozoa. Administration of cisplatin resulted in an
increase in the immunoreactivity of COX2, NFkB-p65,
and HSP70 in the testicular tissue. Similar to these results,
in ovarian tissue, the administration of cisplatin was
demonstrated to result in the occurrence of
histopathological alterations, including the presence of
hemorrhage, edema, follicular degeneration, and vascular
congestion.  Furthermore, an increase in the
immunostaining intensities of both COX2 and NF«xB-p65,
as well as HSP70, was observed in the ovary of this group.
The findings indicated that acute dose cisplatin induced
damage to testicular and ovarian tissue, accompanied by a
notable increase in COX2, NFkB-p65, and HSP70
immunostaining intensity.

On the 7™ day of the 14-day experimental period, the
cisplatin administration at a dose of 7 mg/kg/day was
observed to induce irregularities in the spermatogenic
series, a reduction in germinal cells, and a shrinkage of
cells in interstitial areas within the testicular tissue (24).
Four days after 7 mg/kg cisplatin administration in the
present study resulted in tubule degeneration and a
reduction in germinal cells, accompanied by a decrease in

Acute Cisplatin on Testis and Ovary

Table 3. Comparison of ovarian scoring results

Control Cisplatin p

Vascular

congestion 0 (0-0.5) [0-1] 2(0.5-2) [0-3] 0.001
Hemorrhage 0 (0-0) [0-1] 2 (1-3)[0-3] <0.001
Leukocyte

infiltration 0 (0-0) [0-1] 0 (0-1) [0-1] 0.322
Edema 0 (0-0) [0-1] 1(1-2) [0-2] 0.001
Follicular 0(0-1)[0-]]  1(05-2)[0-3] 0.006

degeneration

descriptive statistics were presented as median (25th-75th percentile) [minimum-maximum]

A Control Cisplatin
N
<
==}
=
=
B C D
4 4 15
i i
3’ §’ 10
§ 2 £, %
5
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0.0

control  cisplatin control  cisplatin

Figure 2. A) HE and MT stained ovarian sections, and
B) vascular congestion, C) hemorrhage, D) leukocyte

infiltration, E) edema, F) follicular degeneration scores
HE: hematoxylin-eosin staining, 200x, MT: Masson’s trichrome staining, 200x,
secondary follicle (sf), corpora lutea (cl), vascular congestion (green arrow), edema
(arrowhead), fibrosis (orange arrow)

Table 4. Analysis of immunostaining intensity for COX2, NFkB-p65, and HSP70 in testis and ovarian tissue

Control Cisplatin p
COX2 92.10 (89.56-92.10) [81.15-102.5] 94.39 (90.08-102.7) [84.08-127.4] <0.001
Testis NFkB-p65 89.92 (86.67-94.61) [73.56-109.1] 91.19 (87.45-97.67) [81.99-148.1] 0.049
HSP70 93.82 (91.01-95.95) [84.87-99.88] 99.27 (94.22-102.9) [84.87-158.5] <0.001
COX2 90.72 (86.06-94.91) [80.33-99.02] 92.19 (88.79-98.67) [81.20-140.8] 0.045
Ovary NFkB-p65 86.11 (83.98-88.69) [75.44-97.86] 89.95 (86.65-93.66) [74.13-98.30] 0.005
HSP70 91.19 (88.59-93.61) [80.62-99.52] 92.88 (90.03-96.28) [85.81-99.87] 0.010

COX2: cyclooxygenase-2, NFkB: nuclear factor kappa B, HSP70: heat-shock protein 70, descriptive statistics were presented as median (25™-75" percentile) [minimum-maximum]
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HSP70

Figure 3. The |mmunoretivit of CO KB—pG, and
HSP70 in rat testicular tissue sections

COX2: cyclooxygenase-2, NFkB: nuclear factor kappa B, HSP70: heat-shock
protein 70, larger images are x20, 200x, and upper left images are x40, 400x

the thickness of the germinal epithelium (25). The
histological findings demonstrated the presence of
desquamation and disorganization of germinal cells, along
with degenerative changes in these cells, thereby
corroborating the deterioration in sperm quality in
cisplatin-administered rats (24). In MT-stained testis, the
presence of capsule thickening was discernible on days 7
and 14, while the emergence of perivascular fibrosis could
only be observed on day 14 (26). The ovarian damage
induced by cisplatin was comparable to the findings of the
study in which 2.5 mg/kg cisplatin was administered once
a day for 14 days. However, the severity of the damage
was more pronounced in comparison to the 7 mg/kg dose
employed in this study. The observed effect was thought
to be related to both the increased dosage of cisplatin
administered and the longer duration of exposure (21). Inan
investigation of the role of cisplatin treatment administered
on the 21% day of a 28-day experiment on ovarian follicle
reserve, a reduction in primary follicles and secondary
follicles was observed, accompanied by an increase in
damaged follicles and luteal structures (18). Furthermore,
it has been reported that the fertility capacity of rats may
be diminished as a consequence of cisplatin-induced
ovarian morphological degeneration and a reduction in
serum anti-miillerian hormone (AMH) levels (27). Seven
days following cisplatin administration, an increased
deposition of collagen was evident in both the tunica
albuginea located beneath the surface epithelium and the
stroma encircling the follicles (23). The outcomes of
previous research studies corroborated the histopathological
alterations associated with cisplatin on both the testis and
ovary revealed in the present investigation.

In order to prevent cisplatin-induced reproductive toxicity,
it is of great importance to inhibit the NF«xB, oxidative

Duzce Med J, 2025;27(1)
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Control Cisplatin

COX2

FB-p65

HSP70

- -

Figure 4. The immunoreactivity of COX2, N1<B—p65, and
HSP70 in rat ovarian tissue sections

COX2: cyclooxygenase-2, NFkB: nuclear factor kappa B, HSP70: heat-shock
protein 70, x20 magnification 200x

stress, and inflammatory pathways (28). The
overexpression of the NFkB-p65 protein has been shown
to stimulate the expression of proinflammatory cytokines,
particularly interleukin-1 beta (IL-1B) and TNF-a. These
cytokines have been demonstrated to induce testicular
inflammation (29). In the testis, a significant positive
immunostaining was observed within the cytoplasm of both
interstitial and spermatogenic cells three days following the
administration of cisplatin (24). A study demonstrated that
the administration of cisplatin on the 7" day of a 14-day
experimental period resulted in an increase in TNF-a and
NF«xB-p65 protein levels in testicular tissue, as evidenced
by western blot analysis (20). In the ovary, according to
the carried out studies, the levels of the pro-inflammatory
cytokines NF«kB, IL-1B, IL-6, TNF-0, COX2, and iNOS
were all significantly elevated (18,21).

HSP70 is observed to be present in low quantities within
the cytoplasm under any conditions (30,11). In the presence
of stress, this molecule is increased in the nucleus (30),
thereby ensuring the survival of the cell (31). The
overproduction of HSP70 was found to suppress the
LPS-stimulated augmentation of TNF-a and IL-6
generation by impeding the activation of IkBa and the
nuclear translocation of NFxB-p65 in rats (32). Heat shock
proteins are crucial for the process of spermatogenesis and
for maintaining cellular integrity against external insults,
including heat, chemicals, and radiation (33). The
expression of HSP70 in the testis of adult rats is influenced
by fluctuations in temperature, with elevated levels of
protein expression observed in response to temperature
changes (34). A notable elevation in HSP70
immunoreactivity was observed in the germinal epithelium
and testicular interstitial tissue within experimental injury
groups subjected to ecstasy-induced injury. Moreover, it
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was reported that there was a significant increase in HSP70
immunoreactivity in spermatogonia, primary
spermatocytes, spermatids, Sertoli, and Leydig cells in
response to the increased dose of ecstasy compared to the
control group (35). The findings of the present study also
demonstrated that cisplatin administration led to an increased
HSP70 immunostaining intensity in spermatogenic cells
and the interstitial tissue. Similarly, under conditions of
excessive cellular stress induced by ecstasy, the increased
expression of heat shock proteins in spermatogenic cells
and the interstitial tissue has been found to exert
cytoprotective effects and prevent apoptosis (33,35).
Ovarian damage and its severity have been reported to be
associated with increased serum HSP70 (36). In cases
where premature ovarian failure has been experimentally
induced by cyclophosphamide, there has been a notable
elevation in the concentration of HSP70, and it is widely
accepted that this is related to inflammatory factors (37).

CONCLUSION

The present study provided evidence to support the
damage caused by cisplatin in both testicular and ovarian
tissue by histopathological evaluations conducted 24 hours
after acute cisplatin administration. In testicular and
ovarian tissues, an elevation in the immunostaining
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Sunumu

ABSTRACT

Sarcoidosis is a disorder of unknown etiology affecting many systems and characterized by
non-caseating granulomas. Subcutaneous sarcoidosis is the rarest form of specific lesions in
cutaneous sarcoidosis. It occurs more frequently in the fourth decade of life and is more
common in females than in males. Multiple asymptomatic to slightly painful, firm, mobile,
round to oval, skin-colored, or erythematous nodules frequently occur in a bilateral and
asymmetric pattern on the extremities. In the differential diagnosis, other diseases presenting
with subcutaneous nodules should be excluded. Here, a case of subcutaneous sarcoidosis in a
51-year-old female hepatitis B carrier patient who partially responded to topical steroid
treatment and was successfully treated with hydroxychloroquine was presented. In
subcutaneous sarcoidosis, patients should be evaluated for systemic involvement.
Hydroxychloroquine should be considered among the treatment options.

Keywords: Sarcoidosis; subcutaneous; hydroxychloroguine.

0z

Sarkoidoz, etiyolojisi tam olarak bilinmeyen, bircok sistemi tutan, non-kazeifiye
graniilomlarla karakterize bir hastaliktir. Deri sarkoidozunda spesifik lezyonlarin en nadir
goriilen formu subkutan sarkoidozdur. Subkutan sarkoidoz genellikle yasamin dordiincii
dekadinda daha sik goriiliir ve kadinlarda erkeklerden daha yaygindir. Cogunlukla
ekstremitelerde, bilateral ve asimetrik bir sekilde yerlesen, ¢oklu asemptomatikten hafif
agriliya kadar degisebilen, sert, hareketli, yuvarlak ila oval, deri renginde veya eritemli
nodiiller seklinde goriiliir. Ayirict tanida subkutan nodiil ile seyreden diger hastaliklar
dislanmalidir. Bu ¢alismada, topikal steroid tedavisine kismen yanit veren ve hidroksiklorokin
ile basarili bir sekilde tedavi edilen, hepatit B tastyicist olan 51 yasinda bir kadin hastada
goriilen bir subkutan sarkoidoz olgusu sunulmaktadir. Subkutan sarkoidozda hastalar
sistemik tutulum acisindan da degerlendirilmelidir. Tedavi segenekleri arasinda
hidroksiklorokin diistiniilmelidir.

Anahtar kelimeler: Sarkoidoz; subkutan; hidroksiklorokin.

INTRODUCTION

Sarcoidosis, with skin involvement as the second most common manifestation after
pulmonary involvement, can present with different morphologies and has been
referred to as the “great imitator” (1,2). Subcutaneous sarcoidosis, also known as
Darier-Rousy sarcoidosis, is a rare form of cutaneous sarcoidosis. The incidence of
subcutaneous sarcoidosis increases in the 4th decade of life and it is more common in
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females (1,2). In the treatment of cutaneous sarcoidosis,
the extent of lesions and systemic involvement are
important and treatment plans should be created
accordingly (3).

This case report aimed to present a case of subcutaneous
sarcoidosis in a hepatitis B carrier patient who partially
responded to topical steroid treatment and was
successfully treated with hydroxychloroquine.

CASE REPORT

A 51-year-old female patient applied to our clinic with a
complaint of painless swelling in her arms for
approximately 1.5 years. Lesions initially appeared as
small nodules on both arms and gradually enlarged over
time. The patient had a history of hepatitis B carrier status
and cholecystectomy. Dermatological examination
revealed numerous painless, firm, erythematous
subcutaneous nodules ranging from 1 to 3 cm in diameter
on the extensor surfaces of both arms (Figure 1).

In the histopathological examination, hyperkeratosis,
hypergranulosis, and acanthosis were observed in the
epidermis; epithelioid histiocytes, multinucleated giant
cells, and granuloma structures consisting of
lymphocytes and intense inflammation were observed in
the deep dermis and subcutaneous fatty tissue; and no
staining with Ziehl-Neelsen or periodic acid-Schiff was
observed (Figure 2). The patient was diagnosed with
subcutaneous sarcoidosis and referred to the pulmonology
and ophthalmology departments for examinations of
systemic involvement. A chest X-ray revealed hilar
fullness (Figure 3), while thorax computed tomography
detected millimetric nodules and hilar lymph nodes
consistent with sarcoidosis. Serum angiotensin-converting
enzyme and calcium levels were normal, as were the
results of liver function tests, blood counts, thyroid
function tests, and sedimentation rate. Anti-streptolysin O
was negative and no ocular pathology was detected.
HBsAg, anti-HBe, HBV-DNA, and anti-HBc 1gG (+) were
present. Due to the patient’s status as a carrier of hepatitis
B, clobetasol 17-propionate was started instead of
systemic corticosteroids. A partial response was achieved
after 2 months of treatment. Since the patient's
ophthalmological examination and laboratory tests were
normal, hydroxychloroquine 400 mg/day was initiated.
After 5 months, the lesions disappeared completely.

DISCUSSION

Sarcoidosis is a systemic disease affecting the lungs, skin,
lymph nodes, and eyes. Skin involvement is seen in about
25% of sarcoidosis patients. The etiology remains
unknown, but a combination of genetic predisposition and
environmental factors are thought to play a role. The
disease typically begins before the age of 50 and is more
common in females, with an estimated prevalence of
2.17-160 per 100,000 population (2-4).

Skin lesions in sarcoidosis, which are referred to as the
“great imitator” and present in different clinical forms,
are categorized as specific or nonspecific. Subcutaneous
sarcoidosis entails specific skin lesions and constitutes the
least common lesion type of that category. These lesions
range from 0.5 to 2 cm in size, can vary in number, and are
firm, mobile, erythematous, violaceous, skin-colored, or
hyperpigmented. They are asymptomatic or mildly painful

Duzce Med J, 2025;27(1)
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Figure 1. A) Firm, erythematous subcutaneous nodules on
right forearm, B) Closer view of picture A

Figure 2. Epithelioid histiocytes and granulorha structures in
the deep dermis and subcutaneous fatty tissue (black arrow)

Figure 3. Bilateral hilar lymphadenopathy

and typically bilateral and asymmetrically located on the
extremities. Differential diagnoses include lipomas, cysts,
subcutaneous granuloma annulare, foreign body
granulomas, lupus profundus, and cutaneous manifestations
of lymphoproliferative malignancies (1,2,5).
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The typical histopathological finding for sarcoidosis is
non-caseating granuloma (naked granuloma) consisting of
epithelioid cells and multinuclear giant cells (3). Three
major criteria are required to diagnose sarcoidosis:
sufficient clinical findings, demonstration of non-caseating
granulomas in one or more tissue samples, and exclusion
of other granulomatous diseases (6).

Systemic involvement may occur in subcutaneous
sarcoidosis, and bilateral hilar lymphadenopathy was most
frequently reported in a previous case series. Uveitis,
parotitis, arthritis, mucositis, dactylitis, neurological and
renal involvement, and hepatosplenomegaly occur in
about 15% of patients, in descending order of frequency
There have also been reports of subcutaneous sarcoidosis
cases with systemic involvement (5,7). Our patient was
also examined for systemic involvement and millimetric
nodules were detected in the lungs along with bilateral
hilar lymphadenopathy.

In cutaneous sarcoidosis, treatment should be planned
according to the extent of the disease, its severity, and its
impact on quality of life. Topical steroids, topical
calcineurin inhibitors, or intralesional steroids are
preferred for localized lesions. If the disease is widespread,
slowly progressing, stable, or persistent localized disease,
tetracycline or antimalarials can be added to topical
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Yonetimi: Bir Olgu Sunumu

ABSTRACT

Transcatheter aortic valve implantation is recommended in advanced aortic stenosis, in elderly
patients who are not suitable for surgery. Valve embolization is one of the most important
complications that is life-threatening. A 61-year-old male patient was being followed up with
a complaint of shortness of breath. He had a history of coronary artery bypass graft operation.
Transthoracic echocardiography revealed severe aortic stenosis. Transfemoral transcatheter
aortic valve implantation was performed, but while the balloon passed through the valve, the
valve embolized the ventricle. The patient was then taken into operation. The native aortic
valve was resected, the valve embolized into the ventricle was cut and removed, and surgical
aortic valve replacement was performed. Endovascular methods can be preferred in suitable
patients, but in cases where they fail, urgent open-heart surgery is required. One of the most
important points is that the guidewire should not be removed when embolization.

Keywords: Transcatheter aortic valve implantation; aortic stenosis; prosthesis embolization.

(0V7

Ileri aort darhiginda, cerrahiye uygun olmayan yash hastalarda transkateter aort kapak
implantasyonu Onerilmektedir. Kapak embolizasyonu hayat1 tehdit eden en Onemli
komplikasyonlardan biridir. 61 yasinda erkek hasta nefes darligi sikayetiyle takip ediliyordu.
Koroner arter baypas greft operasyonu oykiisii vardi. Transtorasik ekokardiyografide ciddi aort
darlig1 saptandi. Hastaya transfemoral transkateter aort kapak implantasyonu yapildi, ancak
balon kapaktan gecerken kapak ventrikiilii embolize oldu. Hasta daha sonra operasyona alindi.
Dogal aort kapag rezeke edildi, ventrikiile embolize olan kapak kesilerek ¢ikarildi ve cerrahi
aort kapak replasmani yapildi. Uygun hastalarda endovaskiiler yontemler tercih edilebilir
ancak basarisiz olundugu durumlarda acil agik kalp ameliyat1 gerekir. En 6nemli noktalardan
biri embolizasyon sirasinda kilavuz telin ¢ikarilmamasidir.

Anahtar kelimeler: Transkateter aort kapak implantasyonu; aort stenozu; protez embolizasyonu.

INTRODUCTION

According to the European Society of Cardiology (ESC) and the European
Association for Cardio-Thoracic Surgery (EACTS) guidelines, transcatheter aortic
valve implantation (TAVI) is recommended in advanced aortic stenosis (AS),
elderly patients, in patients with high-risk (Society of Thoracic Surgeons-Predicted
Risk of Mortality (STS-PROM)/European System for Cardiac Operative Risk
Evaluation (EuroSCORE) Il >8%) or who are not suitable for surgery (Class I) (1).
Successful results have been reported in suitable patients, but many serious
complications may occur, such as vascular problems, aortic root, valve, heart rhythm
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problems, paravalvular leak, ischemic complications, and
valve embolization (2). Although many of the
complications can be managed with interventions, when
endovascular interventions are insufficient, especially in
cases such as valve embolization, these patients, who are
already in the high-risk group for surgical aortic valve
replacement (SAVR), may need to undergo urgent
surgery.

In this case, a patient who underwent TAVI due to
symptomatic severe AS, who was operated on under
emergency conditions after ventricular embolization of the
valve was presented, and the points that should be taken
into consideration during the operation management.

CASE REPORT

A 61-year-old (81 kg) male patient was being followed up
with a complaint of shortness of breath for 3 months. He
had a history of hypertension, and diabetes mellitus (DM),
a coronary artery bypass graft (CABG) operation
performed 20 years ago, and a history of percutaneous
coronary intervention (PCI) 2 years ago. Transthoracic
echocardiography (TTE) revealed severe AS (max/mean
gradient: 75/43 mmHg, aortic valve area: 0.89 cm?), moderate
aortic regurgitation (AR) and ejection fraction (EF) was
55%. The aortic annulus measured was 22 mm. Coronary
computed tomographic angiography (CTA) revealed that
the bypass grafts and the stent placed in the left circumflex
artery were patent. Due to CABG history, DM, and
comorbidities, the STS score, expected operative mortality
was 1.7%, and estimated morbidity and mortality was
11.2%. The patient was evaluated multidisciplinary by the
heart team, in terms of surgery, TAVI, and sutureless valve
options, and it was decided to perform TAVI because the
surgery was high risk due to the patient's comorbidities,
previous heart surgery, poor general condition, and the
high STS score.

He was operated on by the cardiology clinic for this
purpose. Firstly, two Perclose ProGlide™ systems (Abbott
Vascular, CA, USA) were placed in the right femoral
artery, a sheath was placed in the left femoral artery and
jugular vein, and a temporary pace was placed over the
right jugular vein. Subsequently, Myval transcatheter
heart valve 27 mm (Meril Life Sciences Pvt. Ltd., Vapi,
India) was implanted. As moderate paravalvular AR was
detected after the procedure, a balloon was planned.
However, while the balloon was being passed through the
valve, it was observed that the valve embolized the
ventricle (Figure 1). The patient was hemodynamically
stable but was referred to us for emergency surgery. Due
to the position of the valve in the ventricle, in order to
prevent it from moving and closing the left ventricular
outflow tract (LVOT) and causing sudden hemodynamic
deterioration, the guidewire holding the valve was not
removed and was left in place. The patient was taken into
operation under emergency conditions. An incision was
made in the right axillary region, an 8 mm Dacron graft
was placed in the axillary artery and arterial cannulation was
performed. A venous cannula was placed percutaneously
into the left femoral vein. Then re-sternotomy was
performed. After the adhesions were removed, a second
venous cannula was placed in the superior vena cava and
selective venous cannulation was performed. The left
internal mammary artery (LIMA) and other saphenous

Duzce Med J, 2025;27(1)

Prosthesis Embolization into Left Ventricle after TAVI

vein grafts were carefully located and confirmed to be
patent. After LIMA flow was stopped, the heart was
arrested by giving intermittent antegrade and continuous
retrograde cardioplegia, and then aortotomy was
performed. Native aortic valve leaflets were observed to
be calcified. The valve falling into the ventricle and the
support wire holding this valve were seen (Figure 2).
Native aortic valve leaflets were resected and the
supporting wire was cut and separated from the valve. The
valve, which fell into the left ventricle and was over the
LVOT, could not be removed in one piece because it was
stuck in the surrounding tissues due to the cobalt alloy
frame. The valve stuck in the left ventricle was removed
in 3 pieces with wire cutters and scissors (Figure 3).
Then, a 23 mm Dafodil™ pericardial bioprosthesis (Meril
Life Sciences Pvt. Ltd., India) valve was implanted. Cross

Figure 1. A) Fluoroscopic image of the transcatheter aortic
valve implantation valve after placement, B) fluoroscopic
image of the valve after it is embolized into the ventricle
while the balloon is passed through the valve

Figure 2. A) After aortotomy, the guidewire holding the
valve in place (green arrow), and the calcified native aortic
valve (blue arrow), B) the transcatheter aortic valve
implantation valve embolized into the ventricle after the
native aortic valve was resected (blue arrow)

Figure 3. Image of the transcatheter aortic valve
implantation valve, which was not removed in one piece
and had to be cut off
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clamp time (XCL) was 123 min and cardiopulmonary
bypass (CPB) time was 230 min. After the operation, a
total of 700 ml was drained and a total of 2 U of
erythrocyte suspension was given. In the TTE performed
in the first postoperative week, EF was 55% and no
pathology was detected in the aortic valve. The patient was
taken to the service on the 3™ postoperative day and
discharged with Asa + Warfarin on the 8" postoperative
day without any complications.

DISCUSSION

With the development of technology, TAVI is an
extremely important treatment option for severe AS
patients, especially in patients with a high risk of surgery,
and has found its place in the guidelines with a Class |
recommendation (1). However, this procedure has its own
important complications. Valve embolization is one of the
most important complications that is life-threatening and
requires urgent intervention. In the study conducted by
Thomas et al. (3) with SAPIEN Aortic Bioprosthesis, the
embolization rate was reported as 0.3%. In a cohort study
by Frumkin et al. (4) with 3757 patients, valve embolization
and migration were seen in 1.44%. The transfemoral
approach has been associated with a higher ventricular
embolization rate compared to the transapical approach (5).
Reasons such as suboptimal positioning, incorrect
measurement of the annulus, inadequate aortic valve
calcifications, insufficient support in subvalvular structures,
ventricular pacing error, complex annulus or aortic valve
structure, septal hypertrophy, incomplete or late inflation
of the balloon may lead to embolization (5-7).
Embolization may be towards the aorta or, more rarely,
into the wventricle. During valve placement, aortic
embolization is attempted to be prevented by reducing
contractility with rapid ventricular pacing. However,
embolization of the valve into the aorta may be better
tolerated than embolization into the ventricle. The issue
that needs to be taken into consideration is maintaining the
wire position. With this, the rotation of the valve can be
prevented and blood flow is not blocked. The most
important point to pay attention to is maintaining the
guidewire position. With this, the rotation of the valve can
be prevented and blood flow is not blocked. The valve can
be snared or repositioned with a partially inflated balloon
into a stable position in the more distal aorta (8). However,
if valve stability cannot be achieved, surgery is required.
Left ventricular embolization is less common and in many
cases, the valve requires surgical removal. In this case, one
of the most important points is to keep the guidewire on
the valve. A released valve may obstruct the LVOT and
cause sudden hemodynamic compromise, leading to an
arrest. We also applied this in our case. After the valve was
embolized into the ventricle, we took the patient to the
operating table and started the operation, without changing
the position of the existing guide wire and femoral
catheter. After undergoing CPB and placing the XCL, we
performed an aortotomy and saw the guidewire inside the
aorta. After perfusion was achieved by CPB, we cut and
separated the guidewire and then removed the cover.
Another option after ventricular embolization is the placement
of asecond valve. In the report of Tiroch et al. (9), a second
prosthesis was implanted and fixed the first prosthesis
within the annulus. In the case series of Otalvaro et al. (10)
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with left ventricle embolization, a second transcatheter
prosthesis was implanted and then the first embolizing
valve was removed and the operation was completed
without the need to use SAVR and XCL. Astarci etal. (11),
in a patient who developed left ventricle embolization after
transapical TAVI, removed the valve using the same
access route and then implanted a second transcatheter
valve. For this, femoral CPB and induced ventricular
fibrillation may be helpful (10). In addition, after the
second valve implantation, the anatomical location of this
valve is also important. It should be kept in mind that a
thrombus may develop in this valve in addition to the first
valve. Care should be taken to ensure that this second valve
does not cover the branches of the aorta. In addition, care
should be taken in terms of possible aortic dissection after
these repeated interventions. The valve can also be
removed via the left atrium, but it should not be forgotten
that mitral valve damage may occur. In the case report of
Seecherran et al. (12), after LVOT embolization, balloon-
assisted recapture and subsequent successful implantation
of the valve across the aortic annulus without significant
hemodynamic compromise or surgical intervention have
been reported.

In our case, it was not possible to move the valve using the
endovascular method. Since the valve could not be guided
back to its original position, we decided to remove it.
However, we decided to perform a re-sternotomy because
he had a previous CABG history, and his grafts were
patent. Even after the native aortic valve was resected, we
could not remove the TAVI valve from where it was
embolized into the ventricle. Therefore, we had to cut the
valve off. In patients with a high risk of sternotomy, the
valve can be removed with thoracotomy and femoral CPB
and a second TAVI valve can be re-implanted. However,
in difficult cases like this, removing the valve may not be
easy. If the valve cannot be removed after thoracotomy, it
may be necessary to return to sternotomy again.
Therefore, in addition to deciding on the operation, it is
also important to decide how the operation will be
performed. In particular, mobilization of the embolized
valve should be evaluated fluoroscopically. If it is thought
that it will be easy to remove, thoracotomy can be
performed in appropriate anatomical localization.
However, in complex cases, sternotomy, which is the gold
standard, will be life-saving in these patients. SAVR can
also be performed after sternotomy.

Although embolization after TAVI can be managed
effectively, each repeated intervention increases mortality
and morbidity for these patients who are already in the
high-risk group. More important than dealing with this
complication is preventing it. We think that these
complications can be reduced with appropriate
measurement, appropriate  positioning, appropriate
ventricular pacing, and correct patient selection. However,
when it occurs, we think that this case report will guide
physicians in the management of this complication, which
is rare in the literature.

CONCLUSION

Valve embolization to the ventricle after TAV1 is a rare but
life-threatening complication that requires urgent
intervention. Endovascular methods can be preferred in
suitable patients with a rapid strategy, but in cases where
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they fail, urgent open heart surgery is required. In patients
with a history of cardiac surgery, the first valve can be
removed by thoracotomy and a second valve can be
placed, but it may also be necessary to remove the valve
by sternotomy. Appropriate patient selection is important
in this regard. One of the most important points is that the
guidewire should not be removed when embolization
occeurs.

Informed Consent: Written informed consent was obtained
from the patient for publication and accompanying images.
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ABSTRACT

Interruption of vena cava inferior (VCI) is extremely rare, in occurrence in isolation or
association with asplenia or polysplenia syndromes. In this abnormality, the infrahepatic
segment of the VCI is absent, by representing the inadequacy of fusion of subcardinal
embryological parts of the VCI. It is compensated by an azygos or hemiazygos vein that
continues on the posterior wall of the thoracic cavity. In this case report, a case of incidentally
diagnosed interrupted VCI in a patient diagnosed with tetralogy of Fallot (TOF), major
aortopulmonary collateral artery (MAPCA), right arcus aorta, absence of right vena cava
superior (VCS), and persistent left vena cava superior (PLVCS), and its successful surgical
treatment was presented. If the hepatic vein confluence is of adequate size, the cannulation for
cardiopulmonary bypass circuit through the hepatic vein confluence is safe in case of
interrupted VVCI.

Keywords: Superior vena cava; inferior vena cava; persistent left vena cava superior; tetralogy
of Fallot.

0z

Kesintili vena kava inferior (vena cava inferior, VCI), izole olarak ya da aspleni veya polispleni
sendromlartyla birlikte meydana gelmesiyle, olduk¢a nadir olarak goriiliir. Bu anomalide,
vitellin ve subkardinal embriyolojik VCI’nin fiizyonundaki yetersizlik nedeniyle, VCI’nin
infrahepatik segmenti gelismemistir. Bu durum, torasik boslugun posterior duvarinda devam
eden azygos ya da hemiazygos veni tarafindan kompanze edilir. Bu olgu sunumunda, Fallot
tetralojisi (tetralogy of Fallot, TOF), major aortikpulmoner kollateral arter (major aortopulmonary
collateral artery, MAPCA), sag arkus aorta, sag vena kava stiperior (vena cava superior, VCS)
yoklugu ve persistan sol vena kava siiperior (persistent left vena cava superior, PLVCS) tanisi
olan bir hastada tesadiifen teshis edilen kesintili VCI vakasi ve basarihi cerrahi tedavisi
sunulmustur. Hepatik ven konfliiensi yeterli bityiikliikteyse, kesintili VCI durumunda hepatik
ven konflilensinden acik kalp cerrahisi dolasimi i¢in kaniilasyon giivenlidir.

Anahtar kelimeler: Superior vena kava; inferior vena kava; persistan sol vena kava superior;
Fallot tetralojisi.

INTRODUCTION

Congenital heart surgery is challenging by nature. Different intra and extra cardiac
abnormalities may be in close relation in the same patient, and it may be difficult to
choose which abnormality is of the greatest importance and the priority for surgical
treatment. For example, cyanotic and abnormal systemic venous return can present
together. In isolation, interrupted vena cava inferior (VCI) is very rare and a
compensatory azygos or hemiazygos vein continuity is present. Interrupted VVCI and

102



Istar and Harmandar

azygos or hemiazygos continuity are present in occurrence
with 0.6-2% of people with congenital heart diseases,
<0.3% in isolation in normal people (1). It is associated in
the literature with tetralogy of Fallot (TOF), truncus
arteriosus, absence of the pulmonary artery, atrioventricular
septal defect, pulmonary valvular stenosis, pulmonary
atresia, interrupted aortic arch, atrial septal defect,
coarctation of aorta, pulmonary venous stenosis, common
atrium, common atrioventricular valve, and double outlet
right ventricle (2-4). Here we share our experience of the
surgical correction of TOF, major aortopulmonary
collateral artery (MAPCA\) in association with interrupted
VCI, absence of vena cava superior (VCS), right arcus
aorta, and persistent left vena cava superior (PLVCS).

CASE REPORT

A 2-year-old female, 10 kg in weight, patient was admitted
to our center due to cyanosis with a room air saturation of
78%. She was diagnosed on echocardiography with
features of TOF and a MAPCA arising from the ascending
aorta. A PLVCS was enlarged; however, the right VCS
was not well determined. The right aortic arch and an
interrupted VCI were present. On catheterization, the
exact anatomy was determined and an interrupted VCI
was seen (Figures 1A, and 1B). The McGoon ratio was
measured as 2.18 due to well-developed right and left
pulmonary arteries. We decided total correction for the
TOF and MAPCA pathologies in light of the adequate
McGoon ratio and low room air saturation. Informed
consent was taken from the patient’s relatives.

Following median sternotomy, we observed that the
hypoplastic main pulmonary artery was situated to the left
side of the aorta. The right aortic arch and a well-developed
PLVCS were present. Right-sided VCS was not observed
and the innominate vein course was through the coronary
sinus. Instead of an appropriate entrance of the VCI, we
observed an enlarged confluence made by multiple
hepatic veins with a central course and a central entrance
to the right atrium (Figure 1C). After systemic
heparinization, aortic and PLVCS cannulations were
performed as usual. MAPCA division was performed.
Following cardiopulmonary bypass (CPB) establishment,
cannulation of the hepatic vein confluence was performed.

TOF, Absent VCS, Interrupted VCI, PLVCS

Systemic hypothermia (32° C) and Custodiol cardioplegia
delivered via the antegrade route were used. Through the
right atriotomy and atrial septectomy, a sump cannula was
inserted in the left atrium. Another sump cannula was
used for the aspiration of blood coming from the
innominate vein through the coronary sinus. Venous
return to the reservoir of the CBP machine was safe and
adequate in spite of the unusual venous source due to the
challenging anatomy. Ventricular septal defect closure
was performed using a Gore-Tex graft. The muscle
resection was performed to resolve the right ventricular
outflow tract. The main pulmonary artery was opened
longitudinally. We observed a bicuspid pulmonary valve.
Glutaraldehyde-treated autologous pericardium was
fashioned to the main pulmonary artery in an extended
manner, cross annularly to obtain an enlargement for the
right ventricular outflow. The atrial septum was repaired
and weaning from CPB was performed as usual. Following
decannulation of the hepatic vein confluence, we did not
observe any stenosis. The postoperative course was
uneventful. The patient was discharged on the 10" day
postoperatively. Throughout the hospitalization, we did not
observe any abnormal liver test results or hepatomegaly.
No rhythm disturbance occurred postoperatively.

DISCUSSION

Interrupted VCI and azygos or hemiazygos venous
continuity occurs in 0.6 to 2% of people with congenital
heart diseases. It occurs <0.3% in isolation in normal
people (1). Interrupted VCI and azygos or hemiazygos
continuity at the level of the liver frequently presents in
patients in addition to heterotaxy syndrome, who exhibit
left isomerism of the atrial appendage, i.e. polysplenia
syndrome. Chen et al. (4) performed a study of imaging of
interrupted VCI and concluded that 96.4% of the cohort
had left atrial isomerism. Splenic abnormalities were
common and 11.8% had a normal cardiac structure;
however, 30 of the 34 patients had a simple to severe
degree of congenital heart disease. The most frequently
associated congenital heart diseases were pulmonary
stenosis or atresia and double outlet right ventricle, in ratio
of 70.6% and 61.8% of patients, respectively (4). 44.1% of
cohort studies showed that sinus bradycardia can occur in

Figure 1. A, B) Angiographic view of hepatic vein confluence, C) intraoperative view of persistent left vena cava superior (PLVCS)
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the long-term outcome. In the literature, five types of
interrupted VCI have been described (5), and the most
common type is interruption of the hepatic segment (4). As
a result, to maintain the antegrade flow in intrauterine life,
some venous anastomosis between right supracardinal and
right subcardinal veins persist. They result in azygos and
hemiazygous continuations (4). Due to their strong
associations, an interrupted VVCI should warn us of the
presence of additional congenital heart diseases.

Before planning a cardiac intervention via the femoral vein
or cardiac surgery in a patient with an interrupted VCI,
preoperative awareness is important. Particularly in open
heart surgery, while inserting the venous cannula into the
VCS and VCI for CPB, two adequately sized veins are
required. In the case of interrupted VCI, hepatic vein
confluences have to be cannulated instead. Snaring hepatic
veins after cannulation and inadequate drainage may
therefore result in postoperative elevated hepatic enzymes
and hepatomegaly. Moreover, in cases of intracardiac
surgical repair, it is not adequate to only snare the VCS.
To obtain a good exposure, it should be performed by
direct sucking of the hepatic veins besides hypothermia
with low flows, moreover the total circulatory arrest (6).
To complete the single ventricle type repair, it is necessary
to redirect the VCI drainage into the right pulmonary
artery. However, if an interrupted VCI is present and
azygos or hemiazygos continuity drain the flow to the
brachiocephalic vein, the Kawashima operation (consisting
of end-to-side anastomosis of the VCS and the azygos or
hemiazygos continuation and the confluent pulmonary

Informed Consent: Written informed consent was obtained
from the patient for publication and accompanying images.
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ABSTRACT

Arthrogryposis multiplex congenita (AMC) is a clinical entity characterized by reduced fetal
movements (fetal akinesia), fetal growth restriction (FGR), joint contractures (arthrogryposis),
facial anomalies, lung developmental delay (pulmonary hypoplasia), and other developmental
abnormalities. It is accepted that this condition is a description of a group of abnormalities
resulting from reduced fetal movements rather than a true diagnosis or a specific syndrome. In
many arthrogryposis cases, the etiology has not yet been determined. Prenatal diagnosis of
AMC is critical for providing adequate counseling to families. When a fetus with multiple
congenital contractures is detected on prenatal ultrasound (US), management of the pregnant
woman should be undertaken by a multidisciplinary team. In this report, a case of AMC
detected in the prenatal period, together with US and fetal magnetic resonance imaging (MRI)
findings, was presented.

Keywords: Fetal akinesia; arthrogryposis multiplex congenita; prenatal ultrasound; fetal
magnetic resonance imaging.

(074

Artrogripozis multipleks konjenita (AMK), fetal hareketlerde azalma (fetal akinezi), fetal
biiyiime kisitlamas1 (FBK), ¢oklu eklem kontraktiirleri (artrogripozis), yiiz anomalileri,
akcigerlerde gelisimsel bozukluklar (pulmoner hipoplazi) ve diger gelisimsel anormalliklerle
karakterize bir klinik tablodur. Bu durumun gercek bir tan1 veya spesifik bir sendrom olmadigi,
daha ziyade fetal hareketlerde azalma sonucu olusan bir grup anormalligin tanimi oldugu genel
olarak kabul edilmektedir. Bir¢ok artrogripozis vakasinda etiyoloji heniiz belirlenememistir.
Ailelere yeterli danigmanlik saglamak i¢gin AMC'nin prenatal tanis1 kritik 6neme sahiptir.
Prenatal ultrasonda (US) multipl konjenital kontraktiirleri olan bir fetiis tespit edildiginde, gebe
kadinin yonetimi multidisipliner bir ekip tarafindan yapilmalidir. Bu yazida, prenatal donemde
tespit edilen bir AMK vakasi, US ve fetal manyetik rezonans goriintileme (MRG) bulgulariyla
birlikte sunulmustur.

Anahtar kelimeler: Fetal akinezi; artrogripozis multipleks konjenita; dogum 6ncesi ultrason;
fetal manyetik rezonans goriintiileme.

INTRODUCTION

For normal fetal functional development, intrauterine fetal movements are
necessary (1). Normal fetal breathing, swallowing, facial muscle movements, and
amniotic fluid volume are necessary for normal lung development, extremities, and
facial configuration. The absence or reduction of these movements is responsible for
lung hypoplasia, polyhydramnios, limb contractures, and facial abnormalities (2).

Presented as a poster at the 14" International Academic Studies Conference, UBCAK (August 22-23, 2024; Online).

105



Ertem et al.

The severity and prognosis of fetal joint contractures may
vary depending on the degree of involvement and
underlying cause (3,4). Of these, talipes equinovarus (TEV)
is the most common and mildest. Adduction, supination,
and varus deformities were observed in the ankle.
Unilateral or bilateral, TEV is usually an isolated anomaly
and has a good outcome with orthopedic treatment (5,6).
The second most common and severe form, arthrogryposis
multiplex congenita (AMC), is observed with joint
contractures in more than one body region. The lower and
upper extremities are most commonly involved, while
contractures are less frequently observed only in the upper
extremities. The least common but most severe form is the
fetal akinesia deformity sequence (FADS), also known as
the Pena-Shokeir syndrome. This is the lethal form of
AMC, often accompanied by lung hypoplasia,
polyhydramnios, flattened facial features, and fetal growth
restriction (7).

It is accepted that this condition describes a group of
abnormalities resulting from reduced fetal movements
rather than a true diagnosis or a specific syndrome (8). This
report aimed to present a case of AMC detected during the
second-trimester screening ultrasound (US), together with
ultrasound and fetal magnetic resonance imaging (MRI)
findings.

CASE REPORT

A 27-year-old primigravida woman, 23 +4 gestational
weeks, was referred to our clinic for a second-trimester
screening US. She had no known disease in her history, no
consanguinity with her husband, and antenatal screening

Arthrogryposis Multiplex Congenita

test results were normal. In the US, mild ventriculomegaly
in the cranium (atrial diameter approximately 11 mm),
increased thickness in the nuchal fold (approximately 0.77
mm), open mouth on the fetal face, flexion contractures in
the bilateral elbow joints (Figure 1a), extension
contractures in the bilateral knee joints (Figure 1b), and
dorsiflexion contractures in the ankle joints (Figure 1c)
were observed.

No fetal swallowing or movement of the fetal extremities
was observed during the examination. The amniotic fluid
index (AFI) was 26 cm (polyhydramnios). However, a
gastric pouch was also observed. No micrognathia or
thoracic hypoplasia was observed. Due to the multiple
anomalies observed in the US, fetal MRI was performed.
Fetal MRI confirmed the US findings, but did not provide
any additional findings (Figure 2).

Perinatology evaluation, genetic examination, and family
counseling were recommended for the case with suspected
AMC.

After perinatology evaluation, the patient was diagnosed
with AMC and did not want to continue the pregnancy, and
the pregnancy was terminated (Figure 3).

No genetic mutation was detected in the LICAM whole
gene sequence analysis performed on fetal material.
Informed consent was taken from the patient’s relatives.

DISCUSSION

Decreased intrauterine fetal movement is thought to lead
to AMC (9,10). An alternative hypothesis is that atypical
tissue modeling causes muscle hypercontractility during
development, leading to restricted movement and joint

Figure 1. Ultrasonographic findings of the fetus with arthrogryposis multiplex congenita; a) flexion contractures in

bilateral elbow joints, b) extension contractures in knee joints, and c) dorsiflexion contractures in ankle joints

a) b)»
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Figure 2. Findings of fetal magnetic resonance imaging; a) Axial 2D FIESTA weighted image shows flexion contractures
in bilateral elbow joints, b) Coronal 2D FIESTA weighted image shows extension contractures in bilateral knee joints
and dorsiflexion contractures in ankle joints (white arrow), open mouth (white open arrow) and polyhydramnios, ¢) Axial
T2 weighted image shows normal gastric pouch, d) Axial T2 weighted image shows normal thorax

Duzce Med J, 2025;27(1) 106



Ertem et al.

contraction (11). Arthrogryposis may be accompanied by
a number of syndromes (Pena-Shokeir syndrome,
multiple pterygium syndrome, Fowler syndrome, and
Freeman-Sheldon syndrome). It has also been observed as
a clinical feature in more than 400 specific disorders, such
as genetic disorders affecting fetal neurological and
musculoskeletal development (12). Although chromosomal
abnormalities, mitochondrial diseases, and more than 320
single-gene diseases have been described as etiologies in
many arthrogryposis cases in the literature, the exact
etiology has not yet been determined (13). As reported in
the literature, no specific disorder was detected in our case
to explain the exact cause.

Prenatal first and second trimester US, fetal MRI, and
genetic tests are used for diagnosis.

Arthrogryposis multiplex congenita can be detected using
US in the first trimester (14,15). Decreased movements,
increased nuchal translucency, cystic hygroma, and
hydrops fetalis are the first-trimester findings (16).
However, it is usually diagnosed in the early second
trimester (17). The majority of prenatally diagnosed AMC
cases are detected by US in the second or third trimester.
Common findings include decreased fetal movement,
clenched hands, joint contractures, abnormal extension or
flexion of the extremities, and polyhydramnios. Other
findings include fetal growth retardation (FGR), brain
malformations, cleft lip palate, retrognathia/micrognathia,
cardiomegaly, diaphragmatic hernia, absent fetal gastric
pouch, gastroschisis, short umbilical cord, fetal hydrops,
and fetal musculoskeletal disorders. In some cases,
intrauterine fetal death may occur (3). We performed a
second-trimester screening US in our case. Mild
ventriculomegaly, increased nuchal fold thickness, open
mouth on the face, flexion contractures in the bilateral
elbow joints, extension contractures in the bilateral knee
joints, dorsiflexion contractures in the ankle joints, and
polyhydramnios. We also did not observe fetal swallowing
or movement of the fetal extremities during the
examination.

Fetal MRI has been used as an adjunct to US imaging since
1983 (18). Magnetic resonance imaging is particularly
useful for the evaluation of brain malformations and
thoracic hypoplasia (19). However, fetal MRI is not as
widely available as US, is more expensive, and requires
specialized expertise for interpretation, limiting its use in
prenatal diagnosis of AMC (3). In our case, we performed
fetal MRI. Fetal MRI confirmed the US findings, but did
not provide any additional findings.

Genetic testing is one of the most important steps in the
prenatal diagnosis of AMC and decision-making for
families. For this purpose, invasive tests such as chorionic
villus sampling or amniocentesis should be offered (3).
Genetic analysis is not always performed before birth;
sometimes, it can be postponed until after birth at the request
of the families (3). Whole-exome sequencing (WES) and
whole-genome sequencing (WGS) are the most
comprehensive testing options (3). In our case, LLCAM
WGS was performed on fetal material after the termination
of pregnhancy. However, no genetic mutations have been
identified.

Despite advanced imaging, AMC remains a complex
prenatal diagnosis without a single etiology in many
instances. When AMC is detected on prenatal US, families

Duzce Med J, 2025;27(1)
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Figure 3. Image of the fetus after termination

should receive comprehensive support from a
multidisciplinary team. This team typically includes
specialists in  perinatology, radiology, genetics,
neonatology, pediatric neurology, pediatric orthopedics,
and mental health counseling. Clear communication
regarding findings, prognosis, and options is essential
during this process (3). We recommend perinatology
evaluation, genetic examination, and family counseling for
this case.

CONCLUSION

Prenatal diagnosis of AMC is critical for providing
adequate counseling to families. Prenatal first and second
trimester US, fetal MRI, and genetic testing are used for
diagnosis. When a fetus with multiple congenital
contractures is detected on prenatal US, management of
the pregnant woman should be undertaken by a
multidisciplinary team.

Informed Consent: Written informed consent was obtained
from the patient for publication and accompanying images.
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ABSTRACT

Delayed post-hypoxic cortical blindness is a rare but clinically significant condition that can
manifest days or weeks following a hypoxic event, such as cardiac arrest. During these events,
the brain is deprived of oxygen and glucose, leading to selective vulnerability in metabolically
active regions, particularly the occipital lobes. Although initial resuscitation may restore
spontaneous circulation, secondary injury mechanisms can contribute to delayed and
progressive neurological damage. Here, a case of Anton-Babinski syndrome manifesting as
sudden cortical blindness and profound anosognosia following successful cardiopulmonary
resuscitation was reported. Despite undeniable visual loss confirmed by bilateral occipital
ischemia on neuroimaging, the patient insisted she could see and provided confabulatory
descriptions, highlighting a rare and intriguing complication of post-hypoxic injury. This case
provides a unique perspective to the limited literature on Anton-Babinski syndrome,
highlighting the critical importance of early recognition and comprehensive evaluation in
uncovering rare and elusive post-hypoxic complications.

Keywords: Cardiac arrest; hypoxia; cortical blindness; cerebral ischemia; hypoxic-ischemic
encephalopathy; ischemia-reperfusion injury; Anton-Babinski syndrome.

0z

Gecikmis post-hipoksik kortikal korliik, kardiyak arrest gibi hipoksik olaylar takiben giinler
veya haftalar sonra ortaya ¢ikabilen nadir ancak klinik olarak 6nemli bir durumdur. Bu tiir
olaylar sirasinda beyin, oksijen ve glukozdan yoksun kalir ve 6zellikle metabolik olarak aktif
bolgelerden olan oksipital loblar segici sekilde zarar goriir. Ilk resiisitasyon islemi spontan
dolagimi geri kazandirsa da, ikincil hasar mekanizmalari gecikmis ve ilerleyici norolojik hasara
katkida bulunabilir. Bu yazida, basarili kardiyopulmoner resiisitasyon sonrasi ani kortikal
korliik ve belirgin anozognozi ile ortaya ¢ikan carpict bir Anton-Babinski sendromu vakasi
sunulmustur. Norogoriintillemesinde bilateral oksipital iskemi ile dogrulanan belirgin gérme
kaybma ragmen hasta gorebildigini iddia etmis ve cevresini hayali sekilde tanimlayarak
konfabiilasyon yapmistir. Bu vaka, Anton-Babinski sendromu {iizerine sinirli veri igeren
literatiire 6zgiin bir katki saglamakta ve nadir goriilen post-hipoksik komplikasyonlarin ortaya
cikarilmasinda erken tani ve kapsamli degerlendirmenin kritik 6nemini vurgulamaktadir.
Anahtar kelimeler: Kardiyak arrest; hipoksi; kortikal korliik; beyin iskemisi; hipoksik-iskemik
ensefalopati; iskemi-reperfiizyon hasari; Anton-Babinski sendromu.

INTRODUCTION

Hypoxic brain injury is a significant cause of morbidity and mortality, particularly in
the context of cardiac arrest, where global cerebral ischemia can lead to extensive
neurological damage. The occipital cortex is particularly vulnerable to hypoxic injury
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due to its high metabolic demand, and even brief periods
of oxygen deprivation can result in significant and
sometimes irreversible neurological damage (1). Although
prompt resuscitation following hypoxic events like cardiac
arrest can restore circulation, it also introduces secondary
injury  mechanisms, including oxidative  stress,
inflammation, and excitotoxicity, which contribute to
delayed neuronal damage and functional deficits (2).
Delayed post-hypoxic cortical blindness is a rare but
serious neurological complication that may manifest hours
to days after the initial hypoxic insult. Despite severe
visual impairment, patients often retain pupillary light
reflexes due to the preservation of anterior visual
pathways. However, in cases where only partial damage to
the occipital cortex occurs, patients may experience visual
field deficits rather than complete blindness (3).
Anton-Babinski syndrome, characterized by cortical
blindness, anosognosia (denial of blindness), and
confabulation, is an uncommon condition in clinical
practice and even rarer as a complication following
cardiopulmonary resuscitation (CPR). The limited
literature on post-CPR  Anton-Babinski syndrome
underscores a significant gap in understanding its
pathophysiology, clinical course, and management (4).
Early recognition of this condition is crucial, as with other
delayed neurological deficits, where postponed diagnosis
can significantly impede timely intervention and optimal
rehabilitation outcomes (5).

This report aimed to present a case of an 80-year-old
female who developed delayed-onset Anton-Babinski
syndrome following successful CPR. By detailing this
case, we aimed to contribute to the limited literature and
emphasize the importance of early recognition,
comprehensive  evaluation, and  multidisciplinary
management of this rare but critical complication in post-
hypoxic patients.

CASE REPORT

An 80-year-old female with a history of controlled
hypertension and atrial fibrillation, but no prior
neurological deficits, was brought to the emergency
department following a witnessed cardiac arrest.
Immediate CPR was initiated by bystanders, and
emergency services continued advanced cardiac life
support. Return of spontaneous circulation was achieved
after approximately 10 minutes of resuscitation. Upon
arrival at the hospital, the patient underwent coronary
angiography due to electrocardiographic evidence of an
acute myocardial infarction. Angiography revealed critical
stenosis of the left anterior descending artery, necessitating
immediate percutaneous coronary intervention with stent
placement. Neurologically, the patient showed no deficits
in the immediate postoperative period, exhibiting full
motor and sensory function and following commands. On
the second postoperative day, the patient reported
diminished vision, describing her surroundings as "dim"
and "blurred." However, family members observed that
she was unable to see, frequently colliding with objects
and showing no visual response to stimuli. Despite this, the
patient insisted she could see and provided inaccurate
descriptions of her environment. This discrepancy,
combined with confabulation, led to the suspicion of
cortical blindness. Neurological examination revealed no

Duzce Med J, 2025;27(1)
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visual response to light, and there were no signs of motor
or sensory deficits. Despite her blindness, the patient’s
pupillary reflexes were intact. During the initial
evaluation, laboratory analysis revealed elevated serum
lactate levels of 3.8 mmol/L (reference, 0.5-2.2 mmol/L)
and a mild metabolic acidosis with a pH of 7.32 and
bicarbonate level of 18 mmol/L, indicating significant
tissue hypoxia and supporting the diagnosis of acute
hypoxic injury. Brain magnetic resonance imaging (MRI)
demonstrated bilateral ischemic lesions localized to the
occipital cortices, providing definitive radiological
confirmation of cortical blindness (Figure 1). Although
visual evoked potentials (VEP) and
electroencephalography (EEG) were initially planned to
assess the functional integrity of the visual pathways and
cortical activity, these procedures could not be completed
due to the patient's cognitive confusion and restlessness.
To objectively support the preliminary diagnosis, an
ophthalmologic evaluation was conducted, which
confirmed the cortical nature of the visual loss by
demonstrating intact anterior visual pathways and ruling
out ocular or optic nerve pathologies as potential causes of
the blindness. A comprehensive supportive management
approach, including structured neurological rehabilitation
and close clinical monitoring, was initiated to optimize
neurological recovery and functional outcomes. The
patient experienced significant visual recovery one month
later, with visual field deficits nearly resolved.

DISCUSSION

Anton-Babinski syndrome is characterized by cortical
blindness  accompanied by  anosognosia  and
confabulation (4). The denial of visual loss, a hallmark of
the syndrome, is believed to result from damage to neural
pathways responsible for visual awareness, while primary
visual input pathways remain unaffected. This explains
why patients, despite profound blindness, confidently
assert they can see and provide vivid but incorrect
descriptions of their environment (6). In our case, the
patient persistently claimed to see her surroundings,
offering inaccurate visual details, despite clear evidence of
blindness and frequent collisions with objects. Notably,
pupillary reflexes remained intact, as the anterior visual
pathways, including the optic nerves and brainstem
structures, were preserved. This dissociation between
visual perception and pupillary response is a critical
diagnostic clue for cortical blindness (7). The patient’s
confabulation and denial of blindness further confirmed
the diagnosis of Anton-Babinski syndrome, emphasizing
the importance of thorough neurological assessment in
post-hypoxic patients presenting with visual disturbances.
Anton-Babinski syndrome can arise from various
etiologies, including bilateral occipital lobe infarction,
traumatic brain injury, hypoxic-ischemic events, and, less
commonly, neoplastic or inflammatory processes affecting
the visual cortex (4). In evaluating the etiology of cortical
blindness in this case, several differential diagnoses were
considered, including hypoxic injury, cardiac embolism,
posterior circulation stroke, vasculitis, and metabolic
disturbances. However, the bilateral and symmetrical
nature of the occipital ischemic lesions, along with the
absence of focal neurological deficits typically associated
with embolic events, favored hypoxic injury as the primary
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Figure 1. The figure presents axial magnetic resonance imaging (MRI) images obtained at different levels from the occipital regions

using various sequences. Diffusion-weighted imaging (DWI) reveals restricted diffusion in the affected areas bilaterally. Corresponding
apparent diffusion coefficient (ADC) maps show these regions as hypointense to isointense. T2-weighted fluid-attenuated inversion
recovery (FLAIR) sequences demonstrate predominantly isointense lesions with limited focal areas of hyperintensity

cause. Elevated lactate levels and metabolic acidosis
observed during the initial evaluation further supported the
presence of significant global hypoxia. Moreover, imaging
studies revealed no evidence of vascular occlusion,
malignancy, or inflammatory processes that would
indicate an embolic, neoplastic, or vasculitic origin. Taken
together, these clinical and radiological findings
reinforced the conclusion that hypoxia, rather than embolic
phenomena, was the predominant factor contributing to the
development of cortical blindness in this patient.
Anton-Babinski syndrome is an exceptionally rare but
clinically significant neurological complication that may
develop in elderly individuals who are more susceptible to
post-hypoxic cortical injury due to factors such as reduced
cerebrovascular reserve, age-related neuronal
vulnerability, and comorbid conditions that can exacerbate
ischemic damage (6). Although delayed post-hypoxic
leukoencephalopathy secondary to white matter injury is
infrequent, it has been documented in 2.75% to 10% of
patients  following carbon monoxide poisoning,
emphasizing the potential for delayed neurological
sequelae after hypoxic insults (5). Cortical blindness,
another rare yet impactful complication, can result from
hypoxic-ischemic injury to the occipital lobes. In this
context, Anton-Babinski syndrome, defined by the
coexistence of cortical blindness and anosognosia, has
been specifically associated with bilateral occipital lobe
damage, further underscoring the vulnerability of this
region to hypoxic injury (8).

Duzce Med J, 2025;27(1)

In this case, the development of Anton-Babinski syndrome
following a hypoxic event underscores the complexity of
post-hypoxic neurological outcomes, particularly in
elderly patients with vascular comorbidities such as
hypertension and atrial fibrillation. Although the initial
neurological  examination  post-resuscitation  was
unremarkable, the patient later developed delayed-onset
cortical blindness accompanied by anosognosia and
confabulation, consistent with Anton-Babinski syndrome.
The occipital lobes, being metabolically active, are
particularly vulnerable to oxygen deprivation. While
reperfusion restores oxygen supply, it also introduces
reactive oxygen species, leading to oxidative damage,
mitochondrial dysfunction, and calcium overload. These
processes can initiate apoptosis, contributing to delayed
neuronal injury and the subsequent onset of cortical
symptoms days to weeks after the initial hypoxic insult (9).
The pathophysiology of this case can be attributed to a
combination of the initial hypoxic insult and secondary
injuries triggered by reperfusion. Elevated lactate levels
and metabolic acidosis observed during the initial
evaluation indicated significant tissue hypoxia,
underscoring the severity of the cerebral injury. The abrupt
restoration of blood flow post-resuscitation likely initiated
a cascade of secondary damage mechanisms, including
oxidative  stress, mitochondrial dysfunction, and
excitotoxicity, which are known to contribute to delayed
neuronal injury, particularly in the metabolically
vulnerable occipital cortex (10). These pathophysiological
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processes provide a plausible explanation for the delayed
onset of cortical blindness, which emerged despite an
initially uneventful neurological recovery following
resuscitation. The onset of visual symptoms two days
after resuscitation aligns with known patterns of delayed
post-hypoxic cortical blindness, which can emerge after an
initial recovery period (11).

The patient’s partial visual recovery following
comprehensive supportive care and structured neurological
rehabilitation highlights the potential for neuroplasticity
and functional improvement, even in elderly individuals
with severe cortical injury. This case underscores the
importance of early diagnosis and multidisciplinary
management in optimizing outcomes for post-hypoxic
complications. Consistent with previous reports, Anton-
Babinski syndrome emerged as a delayed complication of
post-hypoxic cortical injury (6-8). While some cases in the
literature describe persistent visual deficits, others, like our
patient, demonstrate significant recovery over time.
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ABSTRACT

Amyloidosis is a rare disorder characterized by the extracellular deposition of insoluble protein
aggregates. There are two common types of amyloidosis: Amyloid A (AA) and amyloid light
chain (AL). AA amyloidosis typically occurs secondary to chronic inflammatory processes
such as tuberculosis and rheumatoid arthritis, with pulmonary involvement being a rare
manifestation. AL amyloidosis, on the other hand, is often associated with conditions like
multiple myeloma, gammopathies, and idiopathic primary amyloidosis. While kidney
involvement is common, pulmonary involvement can also occur as part of systemic
amyloidosis or, more rarely, in an isolated form. Pulmonary amyloidosis can present in three
forms: nodular, diffuse, and tracheobronchial. This study presented a case of primary
pulmonary amyloidosis in the nodular form, identified in a 69-year-old female patient.
Keywords: Nodular amyloidosis; amyloid; light chain; wedge.

0z

Amiloidoz suda ¢oziinmeyen proteindz yapilarin hiicre disinda birikimi ile karakterize nadir
goriilen bir hastaliktir. Amiloid A (AA) ve amiloid hafif zincir (AL) olmak tizere iki yaygin
amiloidoz tipi mevcuttur. AA tipi amiloidoz tiiberkiiloz ve romatoid artrit gibi kronik
inflamatuar siireglere sekonder olarak ortaya ¢ikar ve pulmoner tutulum nadir bir bulgudur.
Ote yandan, AL tipi amiloidoz ise siklikla multiple miyelom, gamopatiler ve idiyopatik olarak
ortaya ¢ikan primer amiloidoz gibi durumlarla iligkilidir. Bobrek tutulumu yaygin olmakla
birlikte pulmoner tutulum sistemik amiloidozun bir pargasi olarak veya daha nadiren izole bir
formda da ortaya ¢ikabilir. Pulmoner amiloidoz nodiiler, diffiiz ve trakeobronsiyal olmak iizere
i¢ formda ortaya cikabilir. Bu calismada, 69 yasinda bir kadin hastada saptanan nodiiler
formdaki primer pulmoner amiloidoz vakasi sunulmustur.

Anahtar kelimeler: Nodiiler amiloidoz; amiloid; hafif zincir; wedge.

INTRODUCTION

Amyloidosis is a rare disease characterized by the extracellular accumulation of
water-insoluble, proteinaceous substances called amyloid, first described by Virchow
in 1854 (1,2). While amyloid deposits can occur in any organ, they most commonly
affect the kidneys. There are two main types of amyloidosis: Amyloid A (AA) and
amyloid light chain (AL). AA amyloidosis typically develops as a secondary
complication of chronic inflammatory conditions, while AL amyloidosis is often
idiopathic and represents primary amyloidosis. Pulmonary amyloidosis may manifest
as part of primary systemic amyloidosis or as an isolated condition (1,3).

Presented as a poster at the 10" National Thoracic Surgery Congress (April 25-28, 2019; Antalya, Tiirkiye).
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Amyloid accumulation in the respiratory tract was first
described by Lesser in 1877. Pulmonary amyloidosis can
present in three forms: nodular, diffuse, and
tracheobronchial. Localized forms are often seen as
tracheobronchial disease (2,4).

In this report, a rare case of primary pulmonary
amyloidosis, along with a review of the relevant literature,
was presented.

CASE REPORT

A 69-year-old female was admitted with progressively
worsening dyspnea. The patient's physical examination
findings revealed a dyspneic appearance, mild
retractions in the intercostal muscles, and coarse crackles
in the breath sounds. Peripheral non-invasive oxygen
saturation without supplemental oxygen was measured
at 92%. Her laboratory results revealed a white blood
cell count of 10,500 /mm?, an eosinophil level of 3%,
and a C-reactive protein (CRP) level of 35 mg/L. A chest
X-ray showed bilateral, patchy consolidations with
nodular features, leading to a presumptive diagnosis of
pneumonia (Figure 1). Intravenous moxifloxacin was
administered for 14 days however, despite partial clinical
improvement, the patient's dyspnea persisted.

Further evaluation suggested interstitial lung disease, and
a computed tomography (CT) scan of the thorax revealed
bilateral nodular consolidations, more pronounced on the
right side (Figure 2). A tissue biopsy was planned for
differential diagnosis, and a wedge resection was
performed via mini-thoracotomy with general anesthesia,
3 weeks after medical treatment. Pathological evaluation
revealed nodular areas stained with Congo red, which
appeared green under polarized light, leading to the
diagnosis of nodular amyloidosis (Figure 3).

The patient underwent biochemical tests to evaluate liver
and kidney functions, specifically for systemic
amyloidosis screening. No pathological findings were
observed in the conducted tests. During the systemic
screening for amyloidosis, ultrasound and CT did not
reveal any involvement of other organs. The patient was
diagnosed with primary pulmonary amyloidosis, and
colchicine therapy was initiated. After six months of
treatment, a clinical response was observed, although
follow-up thoracic CT scans showed no significant
radiological regression (Figure 4). Clinically, there was
improvement in exertional capacity and reduced oxygen
requirements, and the patient no longer required regular
oxygen support during follow-up.

DISCUSSION

Amyloidosis has an incidence of approximately 1 in
100,000 annually (4,5). AA amyloidosis typically occurs
as a secondary complication of chronic inflammatory
diseases, such as tuberculosis and rheumatoid arthritis,
with pulmonary involvement being rare. In contrast, AL
amyloidosis is more commonly associated with multiple
myeloma, gammopathies, and idiopathic cases, representing
primary amyloidosis. While primary systemic amyloidosis
can affect all organs, primary localized amyloidosis
specifically leads to pulmonary involvement (1,4). In a
study by Hui et al. (6) involving 48 cases of pulmonary
amyloidosis, 28 patients had the nodular form, 14 had
tracheobronchial involvement, and 6 had diffuse disease.

Duzce Med J, 2025;27(1)

Pulmonary Amyloidosis

Nodular pulmonary amyloidosis is often asymptomatic,
while diffuse and tracheobronchial forms typically present
with respiratory symptoms. In the tracheobronchial form,
dyspnea and hemoptysis are common (1,2,4). Peng et al. (7)
reported a case of a 59-year-old patient with calcifications
and atelectasis around the bronchi on radiological
evaluations. The patient presented with cough, dyspnea,
stridor, hemoptysis, and fever. Our patient had the nodular

k = A
Figure 2. Chest computed tomography prior to surgery

showing nodular amyloid deposition in the lungs

Figure 3. A) Acellular, eosinophilic amyloid accumulation
in the alveolar septum, positively stained with Congo red
on pathological examination (100x). B) Amyloid
accumulation in the alveolar septum, stained positively

with histochemical crystal violet (200x).
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form, with dyspnea as the predominant symptom, and
pulmonary function tests revealed a restrictive pattern.
The diagnosis of pulmonary amyloidosis is often made
incidentally or based on respiratory symptoms, with chest
X-rays and thoracic CT scans playing a crucial role.
Imaging studies may show single or multiple nodular
lesions in the nodular type, while the diffuse form presents
with non-specific consolidations. Amyloid nodules can
reach sizes of up to 15 cm and typically have lobulated
contours. Tracheobronchial amyloid deposits can be
detected via bronchoscopy (2,4,5). Amyloid nodules can
radiologically mimic lung cancer. OKki et al. (8) presented
a case of a 59-year-old female patient with an amyloid
nodule located in the anterior upper lobe of the left lung,
which radiologically mimicked lung cancer, and was
diagnosed with an amyloid nodule in the pathological
examination performed after wedge resection. In our case,
thoracic CT scans revealed bilateral nodular lesions,
consistent with findings reported in the literature.
Pathological evaluation is considered the gold standard for
diagnosing amyloidosis. Congo red staining highlights
amyloid deposits, which exhibit green birefringence under
polarized light (2,4).

Although there is no definitive treatment for pulmonary
amyloidosis, colchicine and steroid therapy have been
used for both diffuse and nodular forms. Studies have
shown symptomatic relief with colchicine, although no
improvement in survival has been demonstrated. In
tracheobronchial amyloidosis, bronchoscopic
interventions, including laser therapy and stent placement,

Informed Consent: Written informed consent was obtained
from the patient for publication and accompanying images.
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Dear Editor,

We read with great interest the article “Comparison of
Nasal Anthropometric Measurements of Turks Living in
Different Geographical Regions” by Kanter et al. (1)
published on pages 139-145 of the 26(2) issue of the
Duzce Medical Journal in 2024. We are writing to offer
additional comments and discussion on the article. While
the study presents valuable insights into the nasal
morphology of two distinct populations of Turkish
populations that have inhabited different geographical
regions for 1000 years, we would like to express a few
thoughts about the study.

Firstly, the article attributes differences in nasal
measurements primarily to ethnicity, which is a valid
consideration. However, it is important to acknowledge
that factors such as climate and environmental conditions
may play a significant role in shaping of external nasal
structures. For instance, variations in nasal morphology
across populations could be influenced by adaptive
mechanisms to different climates, particularly temperature
and humidity (2). We think that the difference in nasal
measurements observed between the Tiirkiye Turks and
the Kazakh Turks populations may be modest evidence of
the influence of climatic factors. It is also known that nasal
anthropometry  shows  significant  differences in
geographical regions of Tiirkiye with different climate
characteristics (3).

Secondly, given the paucity of large-scale studies in the
extant literature that can confirm racial differences and the
existence of multifaceted interactions between societies, it
may be more appropriate to use terms such as “a sample
of the Turkish population”, “from the Turkish
subpopulation”, “among Turkish individuals” articles,
thus emphasizing that these observations do not
generalize to the entire race. The use of these sample
expressions has the potential to increase the quality of
scientific studies by eliminating problems related to
sample representation.

Thirdly, as a consequence of the natural process of ageing,
a number of changes may be observed in the nasal region.
These include the loss of fibrous tissue between the lateral
and major alar cartilages, the weakening of the supporting
ligament of the medial crus of the major alar cartilage,
and the thickening of the subcutaneous tissue of the nasal
tip. These changes can result in the drooping of the tip of
the nose and the convexity of the dorsum. Consequently, the
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dorsum of the nose length and nasolabial angle are subject
to change with age (4). In the discussion of the present
article, a comparison is made between the findings of the
study and the findings reported by Garandawa et al. (5) and
Mehta et al (6). However, the sample age ranges in these
studies were 18-70 and 20-60, respectively. We believe
that this comparison will not be optimal due to the
possibility that these parameters may change with age, and
the inclusion of this detail in the article would be more
accurate and appropriate.

We hope that our comments and discussions will be taken
into account in the ongoing discourse on this fascinating
topic. We would be grateful for any additional input or
suggestions from your side. Thank you for your
consideration and attention.
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The figures and photographs should be upload as separate files in .png, .jpg, etc. format and at least 300 dpi resolution.

Captions of figure and photograph should be given on a separate page respectively, after the page including last table.

If figure, picture, table, graphic etc. which have been published before is used, written permission must be taken and it should be

stated in the explanation of figures, pictures, tables, graphics. The legal responsibility in this regard belongs the authors.
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6 authors are specified.

e The conference papers, personal experiences, unpublished papers, theses and internet addresses should not be used as references.

e DOl is the only acceptable online reference.
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YAZARLARA BiLGILENDIiRME

BILIMSEL SORUMLULUK
Bilimsel yayimncilik standartlar1 agisindan, gonderilecek makaleler, Uluslararas: Tibbi Dergi Editérler Kurulu (ICMJE), Diinya Tibbi
Editorler Birligi (WAME) ve Yayin Etik Kurulu (COPE) kriterlerine uygun olarak hazirlanmalidir.

e Gonderilecek makalelerde arastirma ve yayin etigine uyulmasi zorunludur. Makalelerin sorumlulugu yazarlarina aittir.

e Makalelerin daha 6nce hig bir yerde yayinlanmamis ve/veya yaymlanmak {izere degerlendirme siirecinde olmamasi gerekir.

e Degerlendirme siirecinin baslamasi i¢in makaleler, tiim yazarlar tarafindan imzalanmis Telif Hakki Devir Formu ile birlikte
gonderilmelidir. Yazar siralamasi i¢in Telif Hakki Devir Formu’ndaki imza sirast dikkate alinir.

e Sorumlu yazar, tiim yazarlar adina makalenin son halinin sorumlulugunu tasir.

ETiK SORUMLULUK

“Insan” &gesini iceren tiim ¢alismalarda Helsinki Deklerasyonu Prensipleri’ne (https://www.wma.net/what-we-do/medical-
ethics/declaration-of-helsinki/) uygunluk aranir. Bu tip ¢alismalarda yazarlarin, GEREC VE YONTEMLER béliimiinde
¢aligmay1 bu prensiplere uygun olarak yaptiklarini, kurumlarinin etik kurullarindan onay ve ¢alismaya katilmis insanlardan
“bilgilendirilmis olur” (informed consent) aldiklarini belirtmeleri gerekmektedir.

Caligmada “Hayvan” 6gesi kullanilms ise yazarlarm, GEREC VE YONTEMLER béliimiinde Guide for the Care and Use of
Laboratory Animals (https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf) prensipleri
dogrultusunda calismalarinda hayvan haklarini koruduklarini ve kurumlarmin etik kurullarindan onay aldiklarini belirtmeleri
gerekmektedir.

Olgu sunumlarinda hastalardan “bilgilendirilmis olur” (informed consent) alinmalidir.

Etik kurul onay bilgisi GEREC ve YONTEMLER béliimiinde kurul adi, onay tarihi ve sayist ile birlikte belirtilmelidir.

Eger caligmada direkt-indirekt ticari baglant1 veya maddi destek veren kurum mevcut ise yazarlar; kullanilan ticari iiriin, ilag,
firma vb. ile ticari higbir iligkisinin olmadigini veya varsa nasil bir iligkisinin oldugunu (konsiiltan, diger anlagmalar), editore
sunum sayfasinda belirtmelidirler.

Yazarlar ¢aligma ile ilgili kisisel ve finansal tiim iligkilerin bildirilmesinden sorumludur. Makalenin bagvurusu ve/veya
degerlendirmesi ile iligkili herhangi bir ¢ikar ¢atigmasi olup olmadiginin agik¢a beyan edilmesi gerekmektedir.

Makalelerin bilimsel ve etik kurallara uygunlugu yazarlarin sorumlulugundadir.

BASVURU DOSYALARI
Makaleler asagida belirtilen sekilde ayr1 dosyalar halinde sisteme yiiklenmelidir.

Telif Hakki Devir Formu: Bagvuru sirasinda sistemden alinacak Telif Hakki Devir Formu tiim yazarlar tarafindan makaledeki
yazar siralamasina uygun sekilde imzalanmis olmalidir.

Basvuru Mektubu: Makalenin tiirii, daha 6nce hig bir yerde yayimlanmamis ve/veya yaymlanmak {izere degerlendirme
stirecinde olmadigi, varsa ¢alismay1 maddi olarak destekleyen kisi ve kuruluglar ve bu kuruluslarin yazarlarla olan iliskileri
(yoksa olmadigr) belirtilmelidir. Makalenin konusuyla ilgili olarak 6nerilen, yazarlarla ve kurumlariyla ilgisi olmayan en az iki
hakemin adlari, akademik unvanlari, kurumlari, iletisim bilgileri ve e-posta adresleri yazilmalidir. Editorlerin hakemleri segme
hakki saklidir.

Bashik Sayfasi: Makalenin bashigimi (Ingilizce ve Tiirkge), 40 karakteri gegmeyen kisa baslik, tiim yazarlarm adlarini, akademik
unvanlarmi, ORCID® numaralarini, kurumlarini, e-posta adreslerini ve ayrica sorumlu yazarin adini, yazigma adresini, telefon
numarasini, e-posta adresini igermelidir. Makale daha dnce bilimsel bir toplantida sunulmus ise toplanti ad, tarihi ve yeri (yoksa
sunulmadig) belirtilmelidir.

Ana Metin: Makalenin baslig: (Ingilizce ve Tiirkce), 40 karakteri gegmeyen kisa baslik, Oz (Ingilizce ve Tiirkce), Anahtar
kelimeler (Ingilizce ve Tiirkge), Ana Metin (gonderilen makalenin tiiriine uygun olarak boliimlere ayrilmis), Kaynaklar, Tablolar
ve Sekil agiklamalari yer almalidir.

Etik Kurul Onay Belgesi: Tiim arastirma makaleleri i¢in Etik Kurul Onay Belgesi ayr1 bir dosya olarak yiiklenmelidir.

Not: Makalede sekil, resim veya fotograf varsa bunlarin da her biri ayr1 birer dosya olarak yiiklenmelidir.

MAKALE TURUNE GORE KULLANILMASI GEREKEN BOLUMLER

Aragtirma Makalesi

BASLIK (ingilizce ve Tiirkge), KISA BASLIK, OZ (Ingilizce ve Tiirkge), Anahtar kelimeler (Ingilizce ve Tiirkge), GIRIS,
GEREC VE YONTEMLER, BULGULAR, TARTISMA, SONUC, KAYNAKLAR

OZ ve ABSTRACT c¢eviri agisindan uyumlu olmali ve her biri kendi icinde 200-250 kelime arasinda olmalidir.
ABSTRACT, "Aim, Material and Methods, Results, Conclusion" seklinde yapilandirilmalidir.

0OZ, "Amag, Gereg ve Yontemler, Bulgular, Sonug" seklinde yapilandiriimalidr.

Derleme (Sadece Davetli)

BASLIK (ingilizce ve Tiirkge), KISA BASLIK, OZ (Ingilizce ve Tiirkce), Anahtar kelimeler (Ingilizce ve Tiirkce), GIRIS, Konu
ile Tlgili Alt Basliklar, SONUC, KAYNAKLAR

0OZ ve ABSTRACT c¢eviri agisindan uyumlu olmali ve her biri kendi iginde 150-200 kelime arasinda olmalidir.

Olgu Sunumu

BASLIK (ingilizce ve Tiirkce), KISA BASLIK, OZ (ingilizce ve Tiirk¢e), Anahtar kelimeler (ingilizce ve Tiirkge), GIRIS,
OLGU SUNUMU, TARTISMA, KAYNAKLAR

0OZ ve ABSTRACT c¢eviri agisindan uyumlu olmali ve her biri kendi icinde 100-150 kelime arasinda olmalidir.

Diger
Bu li¢ temel makale tiirii disindaki (editore mektup, editdryel yorum/tartisma vb.) yazilarin hazirlanmasinda da genel yazim
kurallar1 gecerlidir. Bu tiir yazilarda baglik ve 6z boliimleri yoktur. Kaynak sayist 5 ile sinirlidir. Ithaf olunan makale say1 ve tarih

verilerek belirtilmelidir. Yazinin sonunda yazarin ismi, kurumu ve adresi yer almalidir. Mektuba cevap, editor veya makalenin
yazarlari tarafindan, yine dergide yayinlanarak verilir.



YAZARLARA BiLGILENDIiRME

YAZIM KURALLARI

e Makaleler Microsoft Word® belgesi olarak hazirlanmalidir.

e Sayfa kenarlarinda 2,5 cm bosluk birakilmalidir.

e Sayfa numaralar1 sayfanin sag alt kdsesine yerlestirilmelidir.

e Tiim metinler 12 punto Times New Roman karakteri kullanilarak cift satir aralig1 ile sola hizalanmig olarak yazilmalidir.

ANAHTAR KELIMELER

e Anahtar kelime sayisi en az 2 olmali, kelimeler birbirlerinden noktal virgiil (;) ile ayrilmalidir.

e Tiirkge anahtar kelimeler Tiirkiye Bilim Terimleri (TBT)’ne (http://www.bilimterimleri.com), Ingilizce anahtar kelimeler
Medical Subject Headings (MESH)’e (http://www.nlm.nih.gov/mesh/MBrowser.html) uygun olarak verilmelidir.

ISTATISTIKSEL YONTEMLER

e Tiim aragtirma makaleleri biyoistatistik agidan degerlendirilmeli ve uygun plan, analiz ve raporlama ile belirtilmelidir. Bu
makalelerde, GEREC VE YONTEMLER béliimiiniin son alt baslig1 “Istatistiksel Analiz” olmalidur.

e Bu boliimde ¢aligmada kullanilan istatistiksel yontemler ne amagla kullanildig: belirtilerek yazilmaly, istatistiksel analiz i¢in
kullanilan paket programlar ve siiriimleri belirtilmelidir.

e pdegerleri ondalik ii¢ basamakli (p=0,038; p=0,810 vb.) olarak verilmelidir.

e Makalelerin biyoistatistik agidan uygunlugunun kontrolii igin ek bilgi www.icmje.org adresinden temin edilebilir.

KISALTMALAR

e Terim ilk kullanildiginda parantez i¢inde kisaltmayla birlikte agik olarak yazilmali ve tim metin boyunca ayni kisaltma
kullanilmalidir.

e Uluslararasi kullanilan kisaltmalar Bilimsel Yazim Kurallarina uygun sekilde kullanilmalidir.

TABLOLAR VE SEKILLER

e Metinde ilgili climlenin sonunda (Tablo 1) ve/veya (Sekil 1) seklinde belirtilmelidir.

e Tablolar (basliklartyla birlikte) ve sekiller (agiklamalariyla birlikte) kaynaklardan sonra ve her biri ayr bir sayfada olacak sekilde
metnin sonuna eklenmelidir.

e Tablo bagliklari tablo iistiinde (Tablo 1. Tablo baslig1), sekil agiklamalari ise seklin altinda (Sekil 1. Sekil agiklamast), ilk harfleri
biiyiik olacak sekilde yazilmalidir.

e Tablolarda ve sekillerde kisaltma veya sembol kullanilmig ise altinda dipnot olarak agiklanmalidir.

o Seckiller ve fotograflar, .png, .jpg vb. formatta ve en az 300 dpi ¢oziiniirliikkte ayr1 dosyalar halinde yiiklenmelidir.

o Sekil ve fotograf alt yazilari, son tablonun oldugu sayfadan sonra, ayr1 bir sayfada sirasiyla verilmelidir.

e Daha Once basilmus sekil, resim, tablo, grafik vb. kullanilmus ise yazili izin alinmali ve agiklama olarak belirtilmelidir. Bu
konudaki hukuki sorumluluk yazarlara aittir.

TESEKKUR
e Eger ¢ikar ¢atismasi/cakigmasi, finansal destek, bagis ve diger biitiin editoryel (Ingilizce/Tiirkce degerlendirme) ve/veya teknik
yardim varsa, bu béliimde, KAYNAKLAR boliimiinden 6nce belirtilmelidir.

KAYNAKLAR

e Kaynaklar, kullanim sirasina gore numaralandirilmali ve metin iginde ilgili climlenin sonunda parantez i¢inde numaralarla (1)
veya (1,2) veya (3-5) seklinde verilmelidir.

e Kaynaklar dizini, metin i¢cinde kaynaklarin kullanildig1 siraya gore olusturulmalidir.

e Yazar sayis1 6 veya daha az ise tiim yazarlar belirtilmeli, 7 veya daha fazla ise ilk 6 yazar belirtildikten sonra “et al.”
eklenmelidir.

e Kongre bildirileri, kisisel deneyimler, basilmamis yayinlar, tezler ve internet adresleri kaynak olarak gdsterilmemelidir.

¢ DOI tek kabul edilebilir online referanstr.
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