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Isolation and Culturing of Primary Neurons from Newborn Mouse Cortex Tissue

Yeni Dogan Farelerden izole Edilen Korteks Dokusundan Primer Noron Elde Edilmesi

Nese AYSIT

1Department of Medical Biology, School of Medicine, Istanbul Medipol University, istanbul, Tiirkiye
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Abstract

Objective: This study aimed to establish a reliable protocol for obtaining healthy and long-lived cortical neurons from newborn mice, providing a valuable
model for studying neuronal function.

Materials and Methods: Cortical regions of PO mice were isolated and healthy neurons were obtained by enzymatic and mechanical dissociation. On the
seventh day of incubation, the presence of neurons was detected by staining with neuron-specific antibodies. Transgenic mice expressing fluorescent proteins
specific to neurons, glia and oligodendrocytes were also used for culture.

Results: Almost all the neurons had adhered to the petri dish bottom by the second hour of incubation. Most of the neurons were healthy and started to grow
extension quickly.

Conclusion: Neuron cultures are an important tool in research and are invaluable for studying the behaviour of cells. Nanoparticles facilitate genetic
manipulation of these cultures for various biotechnological applications. In particular, they have great potential in areas such as the delivery of genetic
material into cells, drug delivery and targeted treatment methods. Such techniques have the potential to open up new avenues for the study and treatment
of neurological diseases.

Keywords: Cortex, Newborn Mice, Cell Culture, Neuron Culture, Central Nervous System.

&
Oz
Amag: Bu calisma, yeni dogmus farelerden saglikli ve uzun dmiirlii kortikal néronlar elde etmek igin giivenilir bir protokol gelistirmeyi ve elde edilen
ndronlar1 kullanarak néron fonksiyonlarini incelemeyi hedeflemistir.
Gereg ve Yontemler: PO farelerin korteks bélgeleri izole edilerek enzimatik ve mekanik ayristirma uygulanarak saghkli néronlar elde edildi. inkiibasyonun
yedinci giiniinde noérona 6zgii antikorlar ile boyama yapilarak néronlarmn varhgi gosterildi. Ayrica noéron, glia ve oligodendrositlere 6zgii floresan
proteinleriifade eden transgenik farelerden de kiiltiir yapildi.
Bulgular: inkiibasyonun ikinci saatinde noronlarin neredeyse tamaminin kiiltiir kabina yapistigi gozlemlendi. Elde edilen nronlarin biiyiik kisminn sagliklt
oldugu ve uzantilarinin hizlica biiyiimeye basladig1 gdzlemlendi.
Sonug: Bu protokolii diger protokollerden ayiran temel ozellik, gelistirme siirecini destekleyecek higbir faktor veya serum kullanilmamasidir. Noron
kiiltiirleri, aragtirmalarda 6nemli bir arag olarak kullanilir ve hiicrelerin davraniglarini incelemek icin olduk¢a muazzam olanak saglar. Nanopargaciklar, bu
kiiltiirler {izerinde gesitli biyoteknolojik uygulamalar igin genetik manipiilasyonlari kolaylastirir. Ozellikle, hiicrelere genetik materyal tasima, ilag salinimi
ve hedeflenmis tedavi yontemleri gibi alanlarda biiyiik potansiyele sahipler. Bu tiir teknikler, nérolojik hastaliklarin arastirilmas: ve tedavisi igin yeni yollar
agabilir.
Anahtar Kelimeler: Korteks, Yenidogan Fare, Hiicre Kiiltiirii, Noron Kiiltiirii, Merkezi Sinir Sistemi.

Atif/Cite as: Aysit N. Isolation and Culturing of Primary Neurons from Newborn Mouse Cortex Tissue. Abant Med J. December 2024;13(3):98-104.
doi:10.47493/abantmedj.1479470

Copyright © Published by Bolu Abant Izzet Baysal University, Since 2022 — Bolu

“Sorumlu Yazar (Corresponding Author): Nese Aysit, e-mail: neseaysit@gmail.com

@ @@@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.
BY NC_ND


https://orcid.org/0000-0002-4243-9092

Isolation and Culturing of Primary Neurons from Newborn Mouse Cortex Tissue

Introduction

Damage to the nervous system often leads to irreversible degenerative processes. Injuries to the central
nervous system, in particular, can lead to substantial functional impairments. The primary reason for this is
the post-mitotic nature of neurons, which precludes the replacement of lost cells and damaged axonal
connections through regenerative mechanisms. Consequently, there are many challenges that still require
attention.

In developing treatment strategies for neurological diseases or nervous system trauma, many researchers aim
to deepen their understanding of neurodegenerative processes. It would be beneficial for the mammalian
central nervous system (CNS) to develop pharmacological interventions that can repair injured or
compromised adult tissues (1).

It is important to note that the regeneration mechanism is complex, largely due to the unfortunate reality that
regenerative capacity following CNS injuries in mammals is inherently limited (2). The regeneration process
involves complex interactions. These include the role of glial cells, scar tissue formed at the site of injury,
inflammatory responses and the sensitivity of neurons to growth factors. It is therefore difficult to achieve full
recovery from CNS injury. Primary neuron cultures are highly appropriate for investigating the establishment
of axonal networks and the molecular mechanisms that underlie cellular maturation in the CNS (3). It might
be suggested that primary neuron cultures offer an opportunity to examine several processes, including
polarization, neurite outgrowth, axon guidance (pathfinding), synaptogenesis, and neuronal network
formation. In addition, it offers the possibility of studying physiological processes that occur in vivo in vitro
with more than one neuron at a time (4). This in vitro approach is objective and avoids potential biases that
may occur in in vivo settings.

Primary cell cultures, with their homogeneous cell populations, allow to understand normal physiology by
simple manipulations (5). Using simple manipulations, it is possible to observe how cells respond to
environmental, growth and various chemicals. In addition, these cultures allow us to create disease models,
test the effects of drugs and better understand the basic mechanisms of cellular processes. Primary neurons
are vulnerable to destruction within a few days, and are capable of producing separate axonal and dendritic
structures (6). There are several methods for growing nerve cells. The maturation of neurons can be stimulated
by the addition of growth factors (for example, nerve growth factor- NGF). The efficiency of primary neuron
cultures heavily depends on the swift and precise dissection, the usage of a appropriate mediums in each step
of dissociation, and proper mechanical separation methods to minimize damage (7).

Our laboratory has developed a neuronal culture protocol that ensures reproducibility and promotes rapid
and robust axon regeneration. The developed protocol for cell dissociation and plating is both gentle and
rapid, allowing for completion in less than two hours. Our short protocol enhances the survival of neurons.
Usage of Neurobasal-A increases survival rate and regeneration rate in contrast to many other protocols for
cell plating/growth and culture maintenance, respectively. A reliable and reproducible protocol has been
established for the preparation of cortical neurons that can be successfully primed from newborn mice.

Materials and Methods

Animals

Newborn mice, including Balb-C and FVB-Tg (Prism)1989Hz/] coded transgenic mice aged between PO and
P3, were used. The animals were maintained in compliance with the ethical and welfare standards established
by the Istanbul Medipol Institutional Animal Care and Use Committee (IMU-HADYEK) with the approved
reference number [E-38828770-772.02-7790]).

Cell culture

Newborn mice (P0-P3) were euthanized via decapitation and the brain was isolated from the skull. The brain
was placed in chilled L-15 medium and mixture of antibiotics and Glutamax were added in proportion as 1%
respectively. The cortex was dissected in Hibernate medium under a stereomicroscope. The tissue was then
placed in L-15 medium containing 1% papain. It was then incubated at +4°C for 45 minutes. Following
incubation, 1% DNase was added and trituration step was carried out. After homogenisation, the tissues were
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incubated in a medium containing 10% fetal bovine serum for enzyme inhibition. The homogenized tissues
were then centrifuged at 1000rpm for 5 minutes, and the resulting supernatant was discarded. All petri dishes
were coated with 1 % poly lysine and incubated for 2 hours at room temperature. The cell pellet was
resuspended in Neurobasal Medium supplemented with 1% antibiotics, 1% glutamax and 2% B27, and seeded
in each petri dish with a maximum volume of 300 pl. After two hours of waiting for adherence of cells to the
petri dish bottom, the growth medium was prepared and the cells were incubated under physiological
conditions (37°C, 5% CO2) throughout the experiment (8).

Table 1. Chemicals

Chemicals Manufacturer
B27 Gibco
Glutamax Gibco
Antibiyotik Sigma Aldrich
NBA Gibco
L15 Sigma Aldrich
Hibernate Gibco
Poly-L-Lizin Sigma Aldrich
Fetal Bovine Serum Sigma Aldrich
Papain Sigma Aldrich
BSA Sigma Aldrich
Dnase Sigma Aldrich
Paraformaldehit Sigma Aldrich
Triton X-100 Sigma Aldrich
PBS Sigma Aldrich
Doublecortin Abcam
Bate III Tubulin Cell Signaling
Alexa Flour 488 Goat anti chicken Invitrogen
Alexa Flour 647 Goat anti Mouse Invitrogen
Immunofluorescence

On the seventh day of the incubation of cells fixation was performed with 4% paraformaldehyde (PFA, Sigma-
Aldrich) in PBS at pH 7.4 for 15 minutes at room temperature (RT, 20-22°C). After fixation, cells were washed
with PBS, permeabilized with 0.1% Triton X-100 (Sigma-Aldrich) in PBS and washed again with PBS for 5 min.
Cells were then blocked with 0.3% w/v BSA in PBS for 30 minutes. Incubation with primary antibodies
(Doublecortin Mouse, Betalll Tubulin Chicken) was performed overnight in a humidified chamber. This was
followed by washing steps in PBS and incubation with secondary antibodies Alexa 488 goat anti-chicken and
Alexa 647 goat anti-mouse for 1 hour.

The higher magnification images were obtained using a 40x objective in airscan mode of a Zeiss LSM 800
confocal microscope at Istanbul Medipol University SABITA. Sequential scanning was used for image
acquisition to reduce crosstalk between different channels. 488 and 647 lasers were used (9).

The study was approved by the Istanbul Medipol University Local Ethics Committee (date: 11.12.2023 and
approval number: 68).

Results

The brain tissues were dissected rapidly under sterile and cold conditions. Following two-hour incubation
after seeding, it is observed that most of all neurons adhered to the culture dish, and a rapid growth of axonal
extensions were seen. The cell culture medium was changed by 50% every three days to remove possible
toxicity. The cells were maintained in a serum-free, factor-free environment for an extended period of time
(Figure 1).
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Figure 1. Photographs of the cell culture taken at different times during the incubation period. A: 1st day of
cell culture B: 3rd day of cell culture C: 14th day of cell culture D: 21st day of cell culture

Beta-tubulin III, also referred to as Tuj-1, belongs to class III of beta-tubulin protein family, which is one of two
structural elements that comprise the cells’ microtubule network. While general tubulins participate in a
variety of cellular processes, including mitosis and motility, beta-tubulin III specifically found in neurons.
Cells stained for beta III tubulin, a neuronal marker, indicated successful axonal elongation (Figure 2).

Figure 2. Image of a neuron labelled with Beta III Tubulin. A: shows primary neurons stained for beta III
tubulin, a neuronal marker; B: shows a DAPI image; C: shows a merged beta III tubulin and DAPI image (scale
bar 100 pm).

Doublecortin (DCX) is a protein that plays an important role in the process of neuronal development and
migration. In particular, it has a critical function in the maturation and colonisation of the nerve cells. DCX
supports the development of the dendritic structures of neurons and helps to position new neurons correctly
in the brain.

DCX is often used as a marker for neural progenitor cells and immature neurons (Figure 3).

The transgenic mice exhibit three distinct fluorophores in specific subsets of brain cells: Mobp regulates Myc-
tagged Cerulean (CFP) for blue-green fluorescent oligodendrocytes; Aldhlll regulates DsRedMax for red-
fluorescent astrocytes; and Snap25 regulates Rpll0a (ribosomal protein L10A) tagged YFP for yellow-
fluorescent neurons.YFP expression is primarily localized to the cell body and nucleolus of neurons. The
intensity of neuronal YFP fluorescence is notably lower than that of glial fluorescence. Additionally, red
fluorescence can be detected through the skulls of newborn pups. Upon exa mination of the distribution of
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cortex cells isolated from the transgenic prism animal, it was observed that neurons, astrocytes, and
oligodendrocytes were present (Figure 4).

Figure 3. Cellular image showing doublecortin (DCX) immunoreactivity: A: Neurons with DCX
immunoreactivity; B: DAPI image; C: Neurons with DCX immunoreactivity and DAPI merge image (scale bar
100 pm).

Figure 4. Cells were collected from the cortex of transgenic mice, A:Aldh1ll controlled DsRedMax, resulting
in red-fluorescent astrocytes, B:Snap25 controlled YFP-tagged Rpll0a (ribosomal protein L10A), leading to
yellow-fluorescent neurons C :Mobp controlled Myc-tagged Cerulean (CFP) for blue-green fluorescent
oligodendrocytes. D: merged image of all cell groups was created (scale bar 100 pm).

Discussion

The postnatal hippocampal culture model represents an appropriate in vitro system for studying neuronal
pathophysiology, particularly when transgenic animals are used. The majority of current procedures utilizing
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newborn mice are based on protocols originally developed for embryonic culture, which has resulted in
inconsistency in culture quality or limitations to PO-P1 pups (10). However, the protocol that we developed
enabled us to isolate cortex tissue from animals as young as p10 and transform it into a single cell, maintaining
its viability for an extended period and allowing us to observe the rapid regeneration of axons.

Primary neuron cell culture offers a unique framework for investigating neuronal structure and function at a
specific level. The protocol currently employed utilizes neuron cultures that are relatively pure, highly
reproducible, and contain minimal glial cell contamination. During this process, neurons were maintained in
a viable state for several months without the need for additional treatments (such as serum or growth factors).

In contrast to numerous protocols designed for embryonic or postnatal cultures, dissociation of the
hippocampus with the protease trypsin has been demonstrated to promote neuronal death. The use of papain,
a gentle enzymatic tissue digestion agent, is sufficient to dissociate cells while preserving neuron survival.
Similarly, a reduction in mechanical stress can be achieved by minimizing the tirturation procedure, which
results in a cell suspension containing a high proportion of viable cells. Furthermore, the survival of neurons
was significantly enhanced when the cortex and dissociated cells were maintained in Hibernate medium, a
CO; independent nutrient medium, throughout the initial stages of the process (11). Papain, an enzyme
derived from plants, was used to dissolve the cells. The mechanical separation step is crucial in primary cell
culture protocols (12). This step was carried out with great care. The highest amount of living cells were
observed.

In neuron cultures, it was observed that during the first week, the number of glial cells was low. This interval
served as the perfect time frame to conduct biochemical analyses, including transcriptomic and proteomic
assessments, particularly on less contaminated neurons (2). On the other hand it is confirmed that glial cells
aid in the maturation and plasticity of neurons through the production of factors (13). So, it is assumed that
an increased number of glial cells during the second week has a beneficial impact on neurons in this context.
Additionally, secondary cell lines have become a valuable resource for medical research due to their immortal
nature.

However, these cell lines have been found to produce variable results over time, likely due to increasing
numbers of passages. As a result, the reliability of these cell lines is reduced (14). In contrast, primary cells are
genetically more stable and therefore preferred for both pharmacological and biomedical researche (15). They
provide prospects for investigation that allow for stricter regulation of cellular functions and processes.

The primary success of CRISPR-Cas9 gene editing has successfully enabled the use of neuronal cultures (16).
These cultures also provide demonstrating easy tracking of cellular dynamics through live imaging and
electrophysiology (2).

Additionally, another significant benefit is that the technology permits the administration of neurons in drug
experiments, thereby reducing the demand for animal testing. With nanoparticles, biotechnological tools
designed for various purposes, it is also possible to carry out genetic manipulations in a short time.

Conclusion

The generation of primary mouse cultures followingthe described protocol allows for the undertaking of a
multitude of cell biological and biochemical studies. The cultures, prepared with a certain degree of difficulty
and care, are highly resilient. These cultures can offer valuable insights into neuronal cellular architecture and
function.

The in vitro culture of primary mouse cortical neurons has been successfully established in this study. The
viability of these neurons has been demonstrated over an extended period, with no serum or other factors
required for their maintenance. The long-term culture of these neurons allows for the examination of their
response to DNA damage, apoptosis and other cell death mechanisms.

Ethics Committee Approval: The study was approved by the Istanbul Medipol Institutional Animal Care and
Use Committee (IMU-HADYEK) with the approved reference number [E-38828770-772.02-7790]).
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Abstract

Objective: Varicella-zoster virus (VZV) infections result in two distinct clinical entities: varicella (chickenpox) and herpes zoster (HZ). VZV, the causative
agent of chickenpox, remains latent in the dorsal root or cranial nerve ganglia and reactivates due to suppression of the cellular immune system, leading to
HZ. Risk factors for HZ include advanced age, stress, concomitant infections, use of immunosuppressive drugs, and comorbid conditions.

This study retrospectively evaluates patients diagnosed with HZ who presented to our hospital. The aim is to determine the frequency of herpes zoster based
on age, gender, season, and months, as well as the accompanying diseases, complications, and treatments provided.

Materials and Methods: Patients diagnosed with HZ (ICD10 code B02) who presented to our hospital’s dermatology outpatient clinic between December 1,
2022, and November 30, 2023, were included in this study using our hospital's automation system.

Results: A total of 211 patients were included in the study, consisting of 115 women (54.50%) and 96 men (45.50%), with a female/male ratio of 1.19. The
average age of the patients diagnosed with HZ was found to be 53.38 years. It was observed that HZ occurred more frequently in march (12.32%), august
(11.37%), and april (9.95%), and seasonally, it was more common in the spring (29.86%). The most commonly affected body region was the trunk (54.5%), and
the most frequently involved dermatome was thoracic (46.4%). The most common comorbidities in patients diagnosed with HZ were hypertension (32.05%)
and diabetes mellitus (12.82%). The most frequently administered treatment was valacyclovir (47.87%). Postherpetic neuralgia (PHN) was observed in 37
patients (17.53%) with HZ.

Conclusion: As the frequency of HZ increases with age, early recognition and treatment are crucial for reducing pain, viral spread, and complications. There
is a need for large-scale studies on the clinical and demographic data of HZ.

Keywords: Varicella, Herpes, Zoster.

&
Oz
Amag: Varicella-zoster virus (VZV) enfeksiyonlar: varisella (sugigegi) ve herpes zoster (HZ) olarak bilinen iki farkli klinik tabloya neden olur. Sugigegi etkeni
olan VZV dorsal kok veya kranial sinir gangliyonlarinda latent halde kalir ve hiicresel immiin sistemin baskilanmasi sonucu reaktive olur ve HZ’ye yol agar.
ileri yas, stres, eslik eden enfeksiyonlar, immunsupresif ila¢ kullanimi, ek hastaliklar zona igin risk faktorleri olarak sayilabilir.
Bu ¢alismada hastanemize bagvuran HZ'si olan hastalar retrospektif olarak degerlendirilmistir. Herpes zosterin yas, cinsiyet, mevsim ve aylara gore goriilme
sikliginin, eslik eden hastaliklarin, komplikasyonlarin ve verilen tedavilerin belirlenmesi amaglanmistir.
Gereg ve Yontemler: Calismaya, 1 Aralik 2022 ile 30 Kasim 2023 tarihleri arasinda hastanemiz dermatoloji poliklinigine bagvuran ve HZ tanisi konulan
(ICD10 B02 kodlu) hastalar, hastane otomasyon sistemi kullanilarak dahil edilmisgtir.
Bulgular: Calismaya 211 hasta dahil edilmistir. 115’i kadin (%54,50), 96’s1 erkek (%45,50) olup kadin/erkek oran1 1,19 olarak saptanmustir. HZ tanili hastalarin
yas ortalamasi 53,38 olarak bulunmustur. HZ'nin mart (%12,32), agustos (%11,37) ve nisan (%9,95) ayinda, mevsim olarak ise ilkbaharda (%29,86) daha sik
goriildiigii saptanmustir. Hastaligin en fazla tuttugu viicut bolgesinin gévde (%54,5); en fazla tutugu dermatomun torakal (%46,4) oldugu goriilmiistiir. HZ
tanili hastalarda en fazla goriilen hastaliklar hipertansiyon (%32,05) ve diabetes mellitus (%12,82) olarak bulunmustur. Hastalara en sik verilen tedavinin
valasiklovir (%47,87) oldugu saptanmustir. HZ hastalarinin 37’sinde (%17,53) postherpetik nevralji (PHN) goriildiigii saptanmustir.
Sonug: Yas ilerledikce sikligi artan HZ'nin erken taninmasi ve tedavisi agriyi, viral yayilimi ve komplikasyonlari azaltmasi agisindan 6nem tasimaktadir.
HZ'nin klinik ve demografik verileri agisindan genis ¢apli galismalara ihtiyag oldugu gozlenmektedir.
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Introduction

Varicella-zoster virus (VZV) is a member of the Herpesviridae family, causing two distinct clinical entities
known as varicella (chickenpox) and herpes zoster (shingles) (1).

Following primary infection (varicella), VZV becomes latent in nerve tissue. VZV has been identified in dorsal
root ganglia, cranial nerve ganglia, various autonomic ganglia, and astroglia in the enteric nervous system (1).
During reactivation, VZV replicates in neuron cell bodies. Subsequently, virus particles spread from the cell
bodies to the nerve, reaching the dermatome corresponding to the affected nerve. In the affected dermatome,
the virus causes inflammation and vesicle formation. Pain associated with VZV is due to the inflammation of
the affected nerves (1,2).

The disease typically presents unilaterally, with grouped vesicles on an erythematous base in one or more
dermatomes. Patients may present with symptoms such as pain, burning, stabbing, or itching. Early initiation
of treatment within the first 72 hours in shingles patients, who may present not only to dermatology clinics
but also to primary healthcare services, reduces pain, viral spread, and complications. In mild herpes zoster
(HZ) cases, local wound care is sufficient. Systemic treatments include acyclovir, valacyclovir, famciclovir, and
brivudin (1,3,4).

The most common complication following shingles is postherpetic neuralgia (PHN). PHN is defined as pain
and altered sensory perception persisting for at least three months in the area affected by shingles and has an
incidence rate ranging from 9% to 34% (5,6).

This study aims to determine the clinical and demographic characteristics, accompanying diseases, the
affected dermatome, presenting symptoms, the month and season of hospital presentation, treatments
provided, and the occurrence of PHN in patients with herpes zoster presenting to our hospital.

Materials and Methods

Patients diagnosed with HZ (ICD10 code B02) who presented to our hospital’s dermatology outpatient clinic
between December 1, 2022, and November 30, 2023, were included in this study using our hospital's
automation system. The medical records of patients diagnosed with HZ were reviewed, and data on age,
gender, presenting complaint, involved dermatome(s), affected body region, month and season of
presentation, treatments administered, comorbid conditions, and the presence of postherpetic neuralgia
(PHN) were recorded. All data were divided into categorical and numerical variables. Categorical data were
described using count and percentage, while numerical data were described using the mean. Microsoft Excel
was used for statistical analysis.

The study was approved by the Bolu Abant Izzet Baysal University Clinical Researches Ethics Committee
Approval (date: 05.12.2023 and approval number: 2023/413).

Results

A total of 211 patients were included in our study, with 115 females (54.50%) and 96 males (45.50%), resulting
in a female-to-male ratio of 1.19. The average age of the patients was 53.38 years, with an average age of 54.47
years for female patients and 52.29 years for male patients. Of these patients, 12 were in the pediatric age group
(<18 years), 79 were in the geriatric age group (>65 years), and the remaining 120 patients were between 18
and 65 years old. Pain was the presenting complaint in 152 patients (72%), burning in 33 patients (16%), and
itching in 26 patients (12%) (Figure 1). The most frequent season of presentation was spring (63 patients,
29.86%), and the least frequent season was autumn (45 patients, 21.33%) (Figure 2). The months with the
highest number of cases were March (26 patients, 12.32%), August (24 patients, 11.37%), and April (21 patients,
9.95%). The most commonly affected dermatome was thoracic (98 patients, 46.4%), followed by cervical (69
patients, 32.2%), and lumbosacral (46 patients, 21.3%) (Figure 3). The affected body regions included the trunk
(115 patients, 54.5%), head and neck (50 patients, 23.69%), and extremities (42 patients, 19.9%), with genital
involvement in 3 patients and disseminated involvement in 1 patient. Forty-nine different comorbid
conditions were found in the patients included in the study. The most common comorbid conditions were
hypertension (HT) in 50 patients (32.05%) and diabetes mellitus (DM) in 20 patients (12.82%). Malignancies
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were identified in 8 patients (5.12%), including ocular malignant neoplasm, leukemia, pancreatic cancer,
thymoma, colon cancer, breast cancer, stomach cancer, and lung cancer. The most commonly administered
systemic treatment agent was valacyclovir (101 patients, 47.87%), followed by brivudin (66 patients, 31.28%),
acyclovir (38 patients, 18.01%), and topical treatment agents (6 patients, 2.84%) (Figure 4). PHN developed in
37 patients (17.53%), with PHN observed in 17.39% (20 patients) of female patients and 17.71% (17 patients) of
male patients. Among the patients diagnosed with PHN, 13 had no comorbid conditions, while hypertension
was the most common comorbidity in 13 patients. One patient with PHN had pancreatic cancer.

Itching Burn
= Number 26 33 152
== Ratio 12% 16% 72%

Figure 1. Complaints of patients with herpes zoster.
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mNumber 63 57 45
== Ratio 29,86% 27,01% 21,33% 21,80%

Figure 2. The seasonal distribution of patients with herpes zoster.
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Figure 3. The distribution of patients with herpes zoster by dermatome and gender
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Figure 4. The number and rates of treatments given to patients with herpes zoster.

Discussion

The lifetime risk of developing shingles ranges between 10-20%. The annual incidence of shingles is estimated
to be 1.5-3 per 1000 persons (2,3). A study by Van Oorschot et al. reported incidence rates of 6.6-9.03 per 1000
for North America, 5.23-10.9 per 1000 for Europe, and 10.9 per 1000 for the Asia-Pacific region (7).

Studies examining the demographic characteristics of HZ patients show variability in the female-to-male ratio.
A meta-analysis by Zhang et al. and studies conducted in our country found a higher number of female
patients, similar to our study (2,8,9,10). However, some studies have reported a higher incidence in male
patients (5). These differences may be explained by the time period of the study, the number of patients
included, and the differences in the immune system between males and females.

While HZ can occur at any age, its frequency increases with age, likely due to the decline in immunity with
aging (1). The frequency of HZ is lower in children and young adults and may be associated with metabolic
and neoplastic diseases (1). A study conducted in our country reported that 72.1% of shingles patients were
over the age of 40 (11). In our study, the disease was most frequently observed in the 18-64 age group (56.9%),
with an incidence rate of 5.6% in the pediatric age group and 37.5% in the geriatric age group. No comorbid
conditions were detected in the pediatric age group.
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Risk factors for HZ include being over the age of 50, immunosuppression, infections, and stress (4). The disease
is also seen in healthy individuals (5). Acer et al. reported that at least one systemic disease accompanied
herpes zoster in 54.8% of patients, with hypertension, diabetes mellitus, and coronary artery disease being the
most common comorbidities (8). Similarly, Kiiciik¢akir et al. identified hypertension and diabetes mellitus as
the most frequent systemic diseases accompanying herpes zoster in their study (11). In our study, hypertension
and diabetes mellitus were the most common comorbid conditions associated with herpes zoster. Malignancy
was identified in 8 patients with HZ. Conversely, 110 patients (52.1%) had no systemic diseases accompanying
herpes zoster.

Studies investigating the relationship between the disease and seasons or months, and the seasonal variations
in the frequency and characteristics of HZ, are limited. It has been suggested that ultraviolet radiation during
summer months may trigger VZV reactivation (12). Seasonal variations in HZ frequency may also be related
to seasonal differences in immune system function (5,12). Berlinberg et al. reported that the frequency of HZ
was higher in the summer (12). While some studies reported the opposite, there are also studies indicating no
seasonal differences (5,8). In our study, HZ frequency increased in the spring and summer, particularly in
March, August, and April. Larger series of cases are needed to elucidate seasonal and monthly differences.

HZ is frequently characterized by rashes that do not cross the midline of the trunk (13). In our study, the most
common involvement was in the trunk and thoracic dermatomes, followed by cervical involvement. Similar
findings were reported in studies conducted in our country, where thoracic dermatome involvement was
commonly observed (8,10,11).

Pain is usually the first symptom in patients due to inflammation of the affected nerve in herpes zoster. As in
our study, Etgii's study also identified pain as the most common symptom (2). In the study, pain was followed
by complaints of itching and burning in HZ patients.

The standard treatment for HZ includes acyclovir, valacyclovir, and brivudin. If there is resistance to acyclovir,
famciclovir can be used as an alternative (1). In our study, the most commonly administered treatment agent
was valacyclovir, followed by brivudin. Similarly, Acer et al. found valacyclovir to be the most frequently
chosen treatment agent (8).

Shingles is typically a self-limiting disease that resolves within 7-10 days with or without treatment. However,
it can cause severe complications in some patients (1,5). Postherpetic neuralgia (PHN) is the most common
complication associated with herpes zoster. Early initiation of treatment is crucial for pain control and
prevention of PHN (1). The incidence of PHN increases with age. Advanced age, widespread rash, severe pain,
and immunocompromised status are factors that may increase the likelihood of PHN (14). Alicino et al.
reported that PHN incidence increases with age (15). Studies conducted in our country have reported PHN
development rates of 27.7%, 4.7%, and 21.75% (8,10,11). In our study, PHN was detected in 17.53% (37
patients). The most common comorbid conditions in patients diagnosed with PHN were hypertension,
asthma, and diabetes. The average age of patients who developed PHN was ... years. One patient with PHN
had a malignancy.

Conclusion

In conclusion, there are few studies on the clinical and demographic characteristics of herpes zoster in our
country. Our study presents the clinical and epidemiological features of HZ cases in the Bolu region. Given
that our data cover a limited time period, more extensive studies are needed to investigate the clinical and
demographic characteristics of HZ.

Ethics Committee Approval: The study was approved by the Bolu Abant Izzet Baysal University Clinical
Researches Ethics Committee Approval (date: 05.12.2023 and approval number: 2023/413).
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Impact of Adenotonsillectomy on Pediatric Blood Profiles
Adenotonsillektominin Pediatrik Kan Profilleri Uzerindeki Etkisi
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Abstract

Objective: Adenotonsillar hypertrophy (ATH) is a common condition in children, often leading to obstructive sleep apnea and other complications. This
study aimed to evaluate the impact of adenotonsillectomy on various blood parameters in children with ATH.

Materials and Methods: Medical records of 84 children diagnosed with ATH and/or chronic tonsillitis, who underwent adenotonsillectomy, were reviewed.
Key parameters analyzed included white blood cell count (WBC), platelet count (PLT), hemoglobin (Hgb) levels, mean platelet volume (MPV), and platelet
distribution width (PDW). Blood samples were collected preoperatively, and at postoperative day 1, week 1, and month 3, and results were compared.
Results: A significant decrease in MPV, PDW, and Hgb levels was observed immediately postoperatively. Interestingly, Hgb levels significantly increased
three months post-surgery, returning to or surpassing preoperative levels. Although platelet counts remained unchanged, the temporary reduction in RBC
count, Hgb, and Hct levels suggests a physiological response to surgical blood loss and trauma. These parameters normalized within three months, reflecting
the body’s effective compensatory mechanisms.

Conclusion: Adenotonsillectomy significantly impacts certain blood parameters in the short term, with most values normalizing by the three-month follow-
up. These findings emphasize the importance of monitoring hematologic changes postoperatively and suggest that adenotonsillectomy, while causing
temporary alterations in blood parameters, is ultimately a safe and effective procedure for managing ATH in children.

Keywords: Adenotonsillectomy, Hemoglobin, Adenotonsillar Hypertrophy, Platelet, Tonsillectomy.

&
Oz
Amag: Adenotonsiller hipertrofi (ATH), ¢ocuklarda sik goriilen bir durumdur ve siklikla obstriiktif uyku apnesi ve diger komplikasyonlara yol agar. Bu
¢alismanin amaci, ATH'li ocuklarda adenotonsillektominin gesitli kan parametreleri tizerindeki etkisini degerlendirmektir.
Gereg ve Yontemler: ATH ve/veya kronik tonsillit tamis1 konulan ve adenotonsillektomi geciren 84 cocugun tibbi kayitlar incelendi. Analiz edilen temel
parametreler arasinda beyaz kan hiicresi sayis1 (WBC), trombosit sayis1 (PLT), hemoglobin (Hgb) seviyeleri, ortalama trombosit hacmi (MPV) ve trombosit
dagilim genisligi (PDW) yer ald1. Kan 6rnekleri ameliyattan 6nce ve ameliyattan sonraki 1. giin, 1. hafta ve 3. ayda topland: ve sonuglar karsilagtirild.
Bulgular: MPV, PDW ve Hgb seviyelerinde ameliyattan hemen sonra 6nemli bir azalma gozlendi. Ilging bir sekilde, Hgb seviyeleri ameliyattan iig ay sonra
onemli 6l¢gtide artarak ameliyat 6ncesi seviyelere geri dondii veya onlar1 gegti. Trombosit sayilar1 degismeden kalsa da RBC say1s1, Hgb ve Hct diizeylerindeki
gegici azalma, cerrahi kan kaybina ve travmaya kargi fizyolojik bir tepki oldugunu diisiindiirmektedir. Bu parametreler, viicudun etkili telafi edici
mekanizmalarimi yansitarak {i¢ ay i¢inde normale dénmiistiir.
Sonug: Adenotonsillektomi, kisa vadede belirli kan parametrelerini énemli olgiide etkiler ve ¢ogu deger ii¢ aylik takipte normale doner. Bu bulgular,
hematolojik degisikliklerin ameliyattan sonra izlenmesinin énemini vurgulamaktadir ve adenotonsillektominin, kan parametrelerinde gegici degisikliklere
neden olsa da gocuklarda ATH'yi yonetmek igin nihayetinde giivenli ve etkili bir prosediir oldugunu diisiindiirmektedir.
Anahtar Kelimeler: Adenotonsillektomi, Hemoglobin, Platelet, Adenotonsiller Hipertrofi, Tonsillektomi.
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Introduction

The palatine tonsils are dense, compact clusters of lymphoid tissue found in the side wall of the oropharynx,
bordered at the front by the palatoglossus muscle and at the back by the palatopharyngeus and superior
constrictor muscles (1). The adenoids, another essential part of the immune system, are situated on the roof
and back wall of the nasopharynx (2). Together, the tonsils and adenoids are components of Waldeyer's ring,
a circle of lymphoid tissue in the pharynx that is vital for protecting the body from pathogens. The size of the
tonsils changes with age, individual variations, and health conditions, usually growing quickly around the
fifth or sixth year of life and reaching their largest size during puberty.

Assessing the tonsils and adenoids should begin with a thorough medical history, as this can reveal symptoms
indicative of adenotonsillar hypertrophy (ATH). Symptoms of ATH encompass feeding difficulties in young
children, mouth breathing, noisy breathing, loud snoring, frequent night awakenings, excessive daytime
drowsiness, bedwetting, night terrors, behavioral shifts, and poor school performance. A physical exam might
show adenoid facies, marked by a dull facial look, flattened nasolabial folds, an open mouth, and protruding
upper teeth. In severe cases, heart failure might occur, and children may sleep in unusual positions, like the
sniffing position or with an extended neck. Growth can be impacted, leading to failure to thrive.

Adenotonsillar hypertrophy is the leading cause of upper airway blockage in children, resulting in various
short-term and long-term symptoms. Short-term issues include mouth breathing, nasal blockage, nasal-
sounding speech, snoring, obstructive sleep apnea (OSA), chronic sinus infections, and repeated ear infections.
Long-term complications of OSA involve growth delays, heart problems, and cognitive issues like low 1Q,
learning and behavior difficulties, hyperactivity, and poor focus (3). The primary indications for
adenotonsillectomy in children are recurrent adenotonsillitis, repeated episodes of serous otitis media,
peritonsillar abscess, and, most commonly, apnea associated with adenotonsillar hypertrophy (4). Despite
improvements in surgical techniques, postoperative hemorrhage continues to be a frequent cause of mortality
and morbidity in patients after tonsillectomy (5). Post-tonsillectomy hemorrhage is rare, yet it remains the
leading cause of reoperation and mortality in children following tonsillectomy (6).

Given the significant health impact of ATH, understanding the systemic effects of adenotonsillectomy is
essential. Platelet indices and white blood cell (WBC) count are key indicators of systemic inflammation and
overall health (7). This study aims to investigate the changes in blood markers in patients with ATH who
underwent adenotonsillectomy, providing insight into the broader physiological effects of this common
surgical intervention.

Materials and Methods

This study was conducted at the Van Education and Research Hospital Otorhinolaryngology Department and
reviewed retrospectively. Data from patients treated between 2016 and 2018 were utilized. Ethical approval
was obtained from the Van Education and Research Hospital Clinical Research Ethics Committee, with
decision number 2016/4. The study included 84 children (44 male, 40 female) who underwent
adenotonsillectomy using the cold knife dissection method for tonsillectomy and the curettage method for
adenoidectomy. Exclusion criteria included systemic disease or intraoperative bleeding exceeding 200 cc. All
participants were residents of Van with at least an average socioeconomic status. The outcome parameters
assessed included mean values of WBC, hemoglobin (Hgb), hematocrit (Hct), platelet distribution width
(PDW), and mean platelet volume (MPV), measured preoperatively, on postoperative day 1, at one week
postoperatively, and at three months postoperatively. Data was reviewed retrospectively, and postoperative
values were compared to preoperative values. Statistical analysis was performed using SPSS® 20.0 software
(SPSS Inc., Chicago, IL, USA). Variables such as WBC, Hgb, Hct, PDW, and MPV were analyzed using repeated
measures ANOVA. The McNemar test was used to compare postoperative values with preoperative values.
A p-value of <0.05 was considered statistically significant.

Results

The study population consisted of 44 male children (52.3%) and 40 female children (47.6%), with a mean age
of 7.07 + 0.27 years (range: 3 to 10 years). The mean values of WBC, Hgb, Hct, PLT, PDW, and MPV were
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recorded at four different times: before the operation, on the first day after the operation, one week after the
operation, and three months after the operation. (Table 1). Compared to preoperative values, Hgb, MPV, and
PDW significantly decreased (p <0.05) on postoperative day 1 and week 1. WBC values significantly increased
on postoperative day 1 (p < 0.05). There was no significant difference in preoperative versus postoperative
PLT counts. No post-tonsillectomy bleeding was observed in any patient. By three months post-surgery, blood
levels had returned to or surpassed preoperative values, with significant increases in Hgb, Hct, MPV, and
PDW (p < 0.05).

Table 1.
WBC, Hgb, Htc, PLT, PDW, MPW values of participants

WBC Hgb Htc PLT PDW MPV
Mean+SD Mean+SD Mean+SD Mean+SD Median (min-max) Mean+SD
Preop 7.7+2.9 12.27+0.86 36.81+2.32 299000+70000 16.3 (15.5-18.7) 8.32 +£1.12
Postop 1.day  8.4+3.1 12.08+0.85 36.24+3.54 295000+72000 15.4 (13.9-16.8) 8.07 £1.08
Postop
1 K 7.8+2.8 12.37+0.83 37.13+2.82 298000+75000 15.6 (14.0-17.5) 8.10+1.05
.wee
Postop
7.5+2.5 12.71+0.85 38.13+3.60 300000+71000 16.0 (15.2-18.6) 8.21+1.20
3.month
299595 298 300
300
250
200
150
100 3681 313
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50 36,24 | 38,13 16 807 821
7,784 7875 1227|1237 163 | 156 832 | 81
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X1000
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Figure 1. WBC, Hgb, Htc, PLT, PDW, MPW values of participants.

Discussion

Tonsillar hypertrophy is now the most common reason for tonsillectomy in children. Tonsillar hypertrophy is
often accompanied by adenoid hypertrophy.

Adenotonsillar hypertrophy (ATH) is closely linked to sleep-disordered breathing (SDB) in children (8).
Hypertrophic tonsils causing acute upper airway obstruction are typically associated with acute infections
rather than chronic ones (9). Chronic tonsillar hypertrophy can be asymptomatic but may cause significant
enlargement, which is responsible for up to 80% of obstructive sleep apnea (OSA) cases in children. Severe
cases of OSA can result in cor pulmonale, pulmonary hypertension, pneumonia, chronic hypercapnia or
hypoxia, and ultimately, right ventricular heart failure (10). Adenotonsillectomy is a common treatment for
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ATH and is highly effective for treating upper airway obstruction and recurrent tonsillitis, regardless of the
technique used. Consequently, tonsillectomy, with or without adenoidectomy, is among the most frequently
performed surgeries in pediatric ENT practice (4). Perioperative blood loss is an unavoidable aspect of surgery,
and minimizing intraoperative blood loss is ideal. Perioperative and postoperative blood loss in
adenotonsillectomy is influenced by the surgical technique, the patient’s coagulation status, perioperative
infections, and systemic metabolic conditions (11).

In children, blood loss and postoperative effects are more pronounced compared to adults. Children’s
physiological mechanisms are less adaptable to rapid blood loss, making them more susceptible to significant
changes in blood parameters and complications (12). The early postoperative period involves the body's
compensation for blood loss.

The study’s results provide valuable insights into these physiological responses. The study’s results suggest
that adenotonsillectomy is effective for ATH, with an immediate decrease in MPV, PDW, and Hgb levels
reflecting a physiological response to surgical trauma and blood loss. The transient reduction in RBC count,
Hgb, and Hct levels aligns with similar studies documenting decreases in these parameters following surgical
interventions in children (11-13).

Importantly, these blood parameters normalized within three months post-surgery, indicating effective
compensatory mechanisms and recovery. During this period, increases in hematopoietic and other growth
factors contribute to overall body growth and accelerated hematopoiesis. A study by Gumussoy reported
significant increases in growth factors and hormones (14). The observed increases in RBC, Hb, Hct, MPV, and
PDW at one and three months postoperatively can be attributed to these growth factors. This supports
previous research showing that, despite initial decreases, blood values typically return to baseline levels as
healing progresses (12).

The stable platelet count suggests that while surgery affects some blood parameters, the overall platelet count
remains unaffected, minimizing significant bleeding risks. The study emphasizes that perioperative and
postoperative blood loss is influenced by surgical technique, coagulation status, and systemic conditions.
Minimizing intraoperative blood loss is crucial to optimizing outcomes and reducing complications, aligning
with best practices in pediatric ENT surgery (4).

The findings highlight the particular vulnerability of children to blood loss and postoperative effects.
Children’s less adaptable physiological mechanisms compared to adults underscore the need for careful
monitoring and management during the perioperative period to ensure optimal recovery and mitigate risks.

Despite providing valuable insights, the study’s retrospective design and use of a single surgical technique
may limit generalizability. Future research could benefit from prospective studies comparing different
surgical techniques and their impact on blood parameters and overall recovery.

Conclusion

Adenotonsillectomy remains a highly effective procedure for managing ATH and associated complications.
The findings emphasize the importance of monitoring blood parameters and addressing postoperative issues
promptly. Further research is needed to refine surgical techniques, minimize blood loss, and enhance recovery
strategies for pediatric patients undergoing adenotonsillectomy.

Ethics Committee Approval: The study was approved by the Van Education and Research Hospital Clinical
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Conflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: Authors declared no financial support.

Author Contributions: Idea/Concept: A K, S.K,; Design: A K, S.K.; Supervision: A.K, S.K,; Funding: A.K, S.K.;
Materials: S.K ; Data Collection/Processing: S.K.; Analysis/Interpretation: A.K, S.K,; Literature Review: AK, ;

Abant Tip Dergisi - https://dergipark.org.tr/tr/pub/abantmedj 114



Impact of Adenotonsillectomy on Pediatric Blood Profiles

Drafting/Writing: A.K, S.K.; Critical Review: A.K, S.K. The authors have accepted responsibility for the entire
content of this manuscript and approved its submission.

References

1.

10.
11.

12.

13.

14.

Kenna MA, Amin A. Anatomy and physiology of the oral cavity. In: Snow JB, Wackym PA, editors.
Ballenger's Otorhinolaryngology Head and Neck Surgery. 17th ed. Shelton (CT): BC Decker Inc.; 2009. p.
769-74.

Susan S, Harold E, Jermiah CH, David J, Andrew W. Pharynx. In: Susan S, editor. Gray's Anatomy: The
Anatomical Basis of Clinical Practice. 39th ed. Philadelphia (PA): Elsevier; 2005. p. 619-31.

Scadding G. Non-surgical treatment of adenoidal hypertrophy: the role of treating IgE-mediated
inflammation. Pediatr Allergy Immunol. 2010;21(8):1095-106.

Kontorinis G, Schwab B. Significance of advanced hemostasis investigation in recurrent, severe post-
tonsillectomy bleeding. ] Laryngol Otol. 2011;125(9):952-7.

Liu L, Rodman C, Worobetz NE, Johnson J, Elmaraghy C, Chiang T. Topical biomaterials to prevent post-
tonsillectomy hemorrhage. ] Otolaryngol Head Neck Surg. 2019 Sep 6;48(1):45.

Lee AC, Haché M. Pediatric anesthesia management for post-tonsillectomy bleed: current status and
future directions. Int ] Gen Med. 2022 Jan 4;15:63-9.

Akelma AZ, Mete E, Cizmeci MN, Karaarslan U, Sert S. The role of mean platelet volume as an
inflammatory marker in children with chronic spontaneous urticaria. Allergol Immunopathol (Madr).
2015;43(1):10-3.

Feng X, Li G, Qu Z, Liu L, Nasstrom K, Shi XQ. Comparative analysis of upper airway volume with lateral
cephalograms and cone-beam computed tomography. Am ] Orthod Dentofac Orthop. 2015;147(2):197-
204.

Brodsky L. Adenotonsillar disease in children. In: Bluestone CD, Stool SE, Kenna MA, editors. Pediatric
Otolaryngology. 2nd ed. Philadelphia (PA): W.B. Saunders Company; 1996. p. 15-39.

Richardson MA. Sore throat, tonsillitis, and adenoiditis. Med Clin North Am. 1999;83(1):75-83.

Alatas N, San I, Cengiz M, Iynen I, Yetkin A, Korkmaz B, et al. Mean red blood cell volume loss in
tonsillectomy, adenoidectomy, and adenotonsillectomy. Int ] Pediatr Otorhinolaryngol. 2006;70(5):835—41.
Prasad KC, Prasad SC. Assessment of operative blood loss and the factors affecting it in tonsillectomy and
adenotonsillectomy. Indian ] Otolaryngol Head Neck Surg. 2011;63(4):343-8.

Simsek G, Karacayli C, Ozel A, Arslan B, Muluk NB, Kilic R. Blood parameters as indicators of upper
airway obstruction in children with adenoid or adenotonsillar hypertrophy. ] Craniofac Surg.
2015;26(3):€213-6.

Glimiissoy M, Atmaca S, Bilgici B, Unal R. Changes in IGF-I, IGFBP-3 and ghrelin levels after
adenotonsillectomy in children with sleep-disordered breathing. Int ] Pediatr Otorhinolaryngol.
2009;73(11):1653-6.

Abant Tip Dergisi - https://dergipark.org.tr/tr/pub/abantmedj 115



Aragtirma Makalesi / Research Article

<% BA)e
é& m @% Abant T1p Dergisi
Z S 2
ATk . :
Abant Medical 1 W\ !
g _\%/@/\r,) ant Medical Journa

Abant Med | 2024;13(3):116-122, doi:10.47493/abantmed].1584839
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Abstract

Objective: Parkinson’s disease (PD) is a neurodegenerative disorder characterized by the progressive loss of dopaminergic neurons. Neuroprotective
treatments are becoming more and more necessary due to the growing prevalence of Parkinson's disease (PD), and these are being investigated as a means
to slow the disease’s progression. Diphenhydramine (DPH), acting as a histamine 1 receptor antagonist, crosses the blood-brain barrier and exerts effects on
the central nervous system. The aim of the present study is to evaluate the neuroprotective and therapeutic effects of DPH in an in vitro PD model induced
by 6-hydroxydopamine (6-OHDA).

Materials and Methods: An in vitro PD model was established in Glioblastoma (U-118 MG) cells using 6-OHDA. DPH was applied at three different
concentrations before and after 6-OHDA application. The protective effect of DPH was evaluated by assessing cell viability using the XTT cell proliferation
assay. The results were analyzed using statistical analysis methods.

Results: The present study demonstrated that dose-controlled administration of DPH has both neuroprotective and therapeutic effects on an in vitro
Parkinson’s model established with 6-OHDA in the U-118MG cell line. According to our findings, DPH at concentrations of 1, 10, and 100 uM significantly
increased cell viability compared to the 6-OHDA control group. DPH at 1 and 10 uM concentrations showed important potential for therapeutic and
neuroprotective use.

Conclusion: The in vitro study indicates that DPH has neuroprotective and therapeutic effects on PD-modeled U-118MG neuronal cells by increasing cell
viability. Nevertheless, in vivo studies are needed to evaluate the effects of DPH on animal models of PD.

Keywords: Parkinson’s Disease, Glioblastoma U-118MG, Diphenhydramine, 6-hydroxydopamine, Neuroprotective and Therapeutic Effect.

&
Oz
Amag: Parkinson hastaligi (PH), norodejeneratif hastaliklardan biri olup dopaminerjik néronlarin ilerleyici kayb: ile karakterize edilmektedir. PHnin
yayginliginin artmasi nedeniyle noroprotektif tedavilere olan ihtiyag artmakta ve bu tedaviler hastaligin ilerlemesini yavaslatmak amaciyla aragtirilmaktadir.
Difenhidramin (DFH), histamin 1 reseptdr antagonisti olarak etki gostermekte ve kan-beyin bariyerini gecerek merkezi sinir sistemi iizerinde etkili
olmaktadir. Calismamizda, 6-hidroksidopamin (6-OHDA) ile olusturulan in vitro PH modelinde, DFH'nin noroprotektif ve tedavi edici etkilerini
degerlendirmeyi amagladik.
Gereg ve Yontemler: Glioblastoma (U-118MG) hiicrelerinde 6-OHDA ile in vitro PH modeli olusturuldu. 6-OHDA uygulamasindan dnce ve sonra 3 farkli
konsantrasyonda DFH uygulandi. DFH'nin koruyucu etkisi igin hiicre canliligi, XTT hiicre proliferasyon testi kullamilarak incelendi. Sonuglar, istatiksel
analiz yontemleri ile degerlendirildi.
Bulgular: Calismamizda, DFH'nin doz kontrollii uygulamasimn, U-118MG hiicre hattinda 6-OHDA ile olusturulan in vitro Parkinson modeli {izerinde hem
noroprotektif hem de terapotik etkileri oldugunu gostermistir. Calismamiz sonucunda elde ettigimiz bulgulara gore; DFH'nin 1, 10 ve 100 uM
konsantrasyonlarda, 6-OHDA kontrol grubuna kiyasla, hiicre canliligini énemli dlgiide artirdigi bulunmustur. DFH'nin 1 ve 10 uM konsantrasyonlars,
terap6tik ve noroprotektif kullamim icin 6nemli bir etki gostermektedir.
Sonug: Yapilan in vitro ¢alisma DFH'nin, PH modellenmis U-118MG néronal hiicrelerin canliligin arttirarak hiicreler tizerinde ndroprotektif ve tedavi edici
etkilere sahip oldugunu gostermektedir. Bunun yaninda, DFH'nin PH hayvan modelleri iizerindeki etkilerini degerlendirmek igin in vivo caligmalar
gereklidir.
Anahtar Kelimeler: Parkinson Hastaligi, Glioblastoma U-118 MG, Difenhidramin, 6-hidroksidopamin, Noroprotektif ve Terapotik Etki.
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Investigation Of the Protective and Therapeutic Effects of Diphenhydramine in An In Vitro Parkinson’s Model

Introduction

Neurodegenerative diseases are those characterized by increased oxidative stress, synapse loss, and cell death
and which have a major impact on quality of life (1). Diseases of the degenerative neurological system have a
significant impact on global populations' health and well-being. Three of the most prevalent
neurodegenerative diseases include Parkinson's disease (PD), Alzheimer's disease, and amyotrophic lateral
sclerosis. PD is the second most common neurodegenerative disease, with approximately 6 million patients
globally (2).

PD is more common as people age, especially a significant rise appearing around age 65 (3). PD is defined by
the loss of dopaminergic neurons in the substantia nigra, the part of the brain region responsible for producing
of the neurotransmitter dopamine, resulting in decrease of dopamine within the synaptic cleft (4). The most
noticeable symptoms of the condition as it progresses are those that are associated with movement and motion,
such as rigidity, tremor, postural instability, slowness of movement, gait, and walking difficulties (5).
However, wide range of many other neurotransmitter systems are also affected in PD also there is some
evidence for the involvement of the histaminergic system (6-8). Many approaches have been studied for the
treatment of PD. Until a dramatic decrease in dopamine levels was demonstrated in the brains of patients
dying of PD, treatment of this disease was an empirical one, based on incidental observations of medications
prescribed for other purposes and, to a lesser extent, just for symptoms (9,10). Levodopa is used in practice;
however, motor fluctuations and dyskinesias make the long-term use of levodopa challenging. Furthermore,
thanks to their antiparkinsonian effects, the antihistamine benadryl, the antiviral drug amantadine,
amphetamine and apomorphine are also used; however, their usage has been limited due to side effects and
low efficacy (11-14). Therefore, targeting non-dopaminergic systems may be a helpful alternative method to
improve efficacy and motor issues in PD (15).

Histamine is a vital neurotransmitter in the central nervous system that plays a key role in learning, memory,
motor, neuroendocrine, and inflammation responses. It is primarily present in mast cells and basophils and is
an essential inflammatory intermediary in peripheral tissue allergies and inflammatory reactions (16,17).
Histamine is found in the bodies of many species and regulates a variety of physiological activities including
smooth muscles, the gastrointestinal, cardiovascular, and immunological systems, as well as central and
peripheral neurons (18). Four metabotropic receptor types—histamine H1, H2, H3, and H4—have been
identified as a result of recent advancements in drugs that target histamine receptors for a variety of illnesses
(19). The histamine H1 receptor, which is highly concentrated in several brain regions, impacts attention, sleep-
wake rhythm, wakefulness, and cognition in the hypothalamus, amygdala, thalamus, and cortex (20).
Diphenydramine (DPH) primarily acts by antagonizing the histamine 1 receptor, although it also has
additional mechanisms of action (21). Chemical structure of DPH is presented in Figure 1. DPH, a first-
generation antihistamine drug, can cross the blood-brain barrier and because of it has effects on the central
nervous system (20-22). DPH protects the brain following traumatic brain injury by reducing oxidative stress,
cerebral edema, and neuronal degeneration (23). After DPH reaches the brain, central H1-receptors are
triggered, causing dizziness, drowsiness, convulsions and sedation (24-26). DPH, combined with L-dopa,
amantadine or selegiline, was previously used in anesthesia to minimizing tremor symptoms in Parkinson's
patients undergoing ophthalmic surgery, as well as an emergency treatment for extrapyramidal side effects
created by street drugs and antipsychotics (27-31).

Although there is research on the neuroprotective effects of histamine receptor antagonists in PD, the scope
and diversity of these studies are limited. There have been no studies on the neuroprotective effects of DPH
on PD. Therefore, in this study, we investigated the neuroprotective and therapeutic effects of DPH, a
powerful histamine 1 receptor antagonist that can cross the blood-brain barrier, in an in vitro PD model.

Materials and Methods

Cell Culture

Glioblastoma (U-118MG) cell line was obtained from the American Type Tissue Culture Collection (ATCC,
ATCC, Manassas, VA, USA) and cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM)
(Gibco/BRL, Gaithersburg, MD, USA) supplemented with 1% Penicillin-Streptomycin (Gibco/BRL,
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Gaithersburg, MD, USA) 1% L-glutamine (Hyclone) and %10 Fetal Bovine Serum (FBS) (Gibco/BRL,
Gaithersburg, MD, USA) at 37°C and 5% CO2. An inverted microscope was used to observe the growth of the
cells every day. The cells were passaged by diluation whenever they reached a confluence of about 75-80%.

Determination of suitable 6-OHDA and DPH concentration in medium

When choosing the appropriate concentrations of 6-OHDA (50 uM) and DPH (1 uM, 10 uM, 100 uM) for the
study, we looked at concentrations that had been tried out in other investigations and whose efficacy we had
independently verified (32-34). To precisely determine the therapeutic and protective concentrations of DPH,
at least three repetitions were carried out. Based on the analysis, care was taken to make sure that the results
of the three repetitions are consistent with one another.

Cell Viability Assay

The XTT (2,3-bis [2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carboxyanilide salt) method was
employed to assess the proliferation and vitality of cells (35). U-118MG cells were seeded into 96-well plates
and were cultivated overnight. The medium in the plates was removed after 24 hours. An in vitro model of
PD was established by adding 50 uM of 6-OHDA to each well in DMEM without phenol red. Three different
concentrations (1, 10 and 100 uM) of DPH were administered. To assess the protective effects of DPH, it was
administered 4 hours before 6-OHDA and to evaluate its therapeutic effects, it was administered 4 hours after
6-OHDA. 20 hours were spent incubating. After the culture time was over, XTT solution (Cell Proliferation Kit
II, Sartorius, Israel) was added to the wells and left for 4 hours. A microplate reader (Thermo Scientific
MultiskanTM FC, Finland) was used to determine the absorbance values at 450 nm wavelength at the end of
the experiment.

Statistical analysis

For the stand-alone DPH application, a one-way ANOVA test was performed, followed by multiple
comparisons using Dunnett's post hoc test. Results were evaluated at a significance level of p<0.05. For
comparisons before and after 6-OHDA application, a one-way ANOVA test was conducted, with pairwise
comparisons performed using Tukey's post hoc test. The significance level was again set at p<0.05. All
statistical analyses were conducted using GraphPad Prism version 10.4.0.621 (GraphPad Software, San Diego,
CA, USA). Results were reported in APA format, with statistical significance levels indicated as follows:
p<0.05; 0.05 (*), 0.01 (**), 0.001 (***).

Results

According to our findings, when applied alone, high doses of DPH reduced cell viability by 4.8% (Figure 2.),
but when DPH is used together with 6-OHDA, it increases cell viability compared to 6-OHDA alone. In this
case, DPH administered pre-treatment to 6-OHDA demonstrated protective effects of 11.7%, 10.2%, and 2.6%
at1pM, 10 uM, and 100 uM concentrations, respectively (Figure 3.A.). Similarly, when DPH was administered
post-treatment 6-OHDA, an increase in cell viability was also observed (Figure 3.B.). At 1 pM and 10 uM
concentrations, therapeutic effects with cell viability increases of 10.2% and 6.9%, respectively, were observed;
however, at 100 uM, cell viability decreased by 5.3%. Based on these results, the 1 uM and 10 uM
concentrations are identified as the most suitable levels.

O/\\/N\

Figure 1. Chemical structure of Diphenhydramine (DPH).
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Figure 2. Effect of Diphenhydramine (DPH) alone on cell viability. The data are expressed as means of
percentages + SD (n=8). *: P < 0.05, ***: P<0.001.
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Figure 3. Comparative analysis of Diphenhydramine (DPH) effects on cell viability pre administration of 6-
OHDA treatment (A) and post administration of 6-OHDA treatment (B).

Discussion

In the present study, the objective of our investigation was to assess the neuroprotective and therapeutic
properties of DPH against 6-OHDA-induced PD in U-118MG cells. In the present study, we found that DPH
at concentrations of 1 and 10 uM has neuroprotective and therapeutic effects; in contrast, a high concentration
of DPH (100 uM) decreases cell viability.

A sizable section of the population is still afflicted by neurodegenerative illnesses today. PD is one of the most
prevalent of them. The oxidative damage brought on by the production of free radicals is the origin of the
calcium channel anomalies, glial cell excitation, mitochondrial malfunction and alpha-synuclein deposits
observed in PD (36). Numerous processes are being used to treat the disease’s symptoms, even though its
causes are still not entirely understood. Hence, experimental PD models, both in vivo and in vitro, that can
replicate important aspects of the dopaminergic system and recapitulate the disease phenotype are therefore
crucial for studying early events of disease genesis and progression (37). In vitro models containing 6-OHDA,
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1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine (MPTP), 1-methyl-4-phenylpyridinium (MPP+), Rotenone and
Paraquat are some of the examples used in the treatment of PD (38). A helpful method for researching the
molecular processes linked to neuronal death in PD is neuronal exposure to 6-OHDA. 6-OHDA promotes
neuronal damage and death by raising oxidant levels and disrupting the mitochondrial respiratory chain.
Gonzalez et al. showed that human neuroblastoma cells exposed to 6-OHDA in vitro had a loss of membrane
integrity, an increase in cellular ROS levels, and a decrease in mitochondrial metabolic activity. In this study,
we used 6-OHDA as a model. The effects of 6-OHDA on cell viability showed similar results to those of
Gonzalez and colleagues (39).

Furthermore, there is some proof that PD is associated with the histaminergic system and the study findings
have demonstrated a large increase in histamine levels in the substantia nigra, putamen, and globus pallidus
of PD patients (40). Presence of histamine may be induced in the globus pallidus, putamen, and substantia
nigra by a variety of factors, including increased histaminergic fiber density (41, 42). To stop the onset of
neuronal degeneration in the case of PD, it can be crucial to shield neuronal cells from excessive histamine
levels. Drugs designed to have an antihistaminic effect have been shown to have anti-Parkinsonian effects
primarily because they have the pharmacological characteristic of blocking muscarinic neurotransmission (43).
Studies indicate that DPH, an antihistamine with anticholinergic properties, can be used in the treatment of
PD (44). Histamine type 1 and 2 receptor (H1/2r) antagonists, particularly DPH and cimetidine, have been
shown by Lin et al. to improve skin permeability barrier homeostasis when applied topically (45). Pan et al.,
evaluated the protective effect of DPH against traumatic brain injury (TBI) in light of its antioxidant and anti-
inflammatory effects in their animal study. Accordingly, DPH demonstrated a neuroprotective role against
TBI by showing improvement in neuronal survival at the tested dose and by attenuating oxidative stress,
inflammation and mitochondrial apoptosis pathways (23). Upon reviewing the current literature, we found
that in vivo studies on the cytotoxicity of DPH in cancer research show similarities to our in vitro studies (46).
However, it has not been directly included in in vitro cell viability studies with DPH. Therefore, in our study,
we determined the DPH concentrations based on a previous study we conducted and relevant reference
articles (32-34). While looking for neuroprotective effects, we also look for therapeutic effects of the DPH on
the Parkinson's cell model for enriching and expanding our research on DPH. And in our research, with dose-
controlled therapeutic effects for PD at 1 and 10 uM DPH we find significant effect for therapeutic use.

Conclusion

These results show that DPH has both protective as well as therapeutic aspects against damage effected by
cells as result of exposure to 6-OHDA. The implications emphasize the prospective use of DPH as a
neuroprotective agent. For the treatment of at least some PD symptoms, targeting H1 receptor that influence
effects of histamine may be helpful. This finding may help in the development of new therapies for PD and
gives clues to the pathophysiology and possibly also etiology in PD. Also, further studies are required to
evaluate the effects of DPH in animal models of PD. Moreover, the cytotoxicity that has been observed implies
that DPH might dose-dependently control the survival of glioblastoma cells. More studies should be carried
out to ascertain how exactly DPH affects glioblastoma cells and its efficacy as an adjuvant therapy in
conjunction with glioblastoma treatment protocols.
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The Relationship Between Radiological and Ultrasonographic Changes and Balance Disorders in Patients
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Abstract

Objective: This study aimed to assess the relationship between radiological and ultrasonographic changes and balance disorders in patients with knee
osteoarthritis.

Materials and Methods: Clinically and radiologically diagnosed 97 patients with knee osteoarthritis, 33 age and sex matched healthy volunteers were
included in the study. Balance was analyzed utilizing the Berg Balance Scale (BBS) and Timed Up and Go Test (TUG). Kellgren Lawrence (KL) scale was used
for radiographic staging of knee OA. Mean Femoral cartilage, quadriceps femoris muscle thickness (QFMT), thigh subcutaneous fat thickness (TSFT),
QFMT/TSFT, quadriceps femoris (QF) tendon, proximal and distal patellar tendon thickness were evaluated using ultrasonography. The functional level and
pain severity of the patients was determined by Western Ontario and McMaster University Osteoarthritis Index (WOMAC) score and Visual Analog Scale
(VAS).

Results: Individuals with knee OA showed lower BBS, higher TUG scores (p<0.001 for both). Moderate correlations included negative associations of BBS
with WOMAC (0=-0.495 p<0.001) and a positive association of TUG with WOMAC (0=0.428 p<0.001). QFMT/TSFT correlated moderately positive with BBS
(0=0.448 p<0.001), while TSFT showed a weak negative correlation with BBS (0=—0.364 p<0.001). The KL score had weak negative correlations with BBS
(0=-0.201 p=0.048) and weak positive correlations with TUG (0=0.239 p=0.019), and QFMT correlated weakly with BBS (0=0.238 p=0.019). VAS had a weak
negative association with BBS (0=-0.255, p=0.012), while TSFT showed a weak positive correlation with TUG (0=0.275, p=0.006). Regression analysis revealed
WOMAC as a significant predictor of BBS (p <0.05).

Conclusion: Radiography and ultrasonography could be predictive of balance disorder and those patients with severe osteoarthritis should have an intensive
rehabilitative approach to balance disturbance.

Keywords: Balance Disorder, Knee Osteoarthritis, Radiography, Ultrasonography.

&
Oz
Amag: Diz osteoartriti (OA) olan bireylerde radyografik ve ultrasonografik degisikliklerin denge bozuklugu ile iliskisinin aragtiritlmas: amaglanda.
Gereg ve Yontemler: Klinik ve radyolojik diz OA tanil1 97 hasta ve 33 saglikli birey calismaya dahil edildi. Bireyler Berg Denge Olgegi (BDO), Zamanli Kalk
Yiirii Testi (ZKYT) ile incelendi. Osteoartrit Kellgren Lawrence (KL) skalasi ile radyolojik olarak evrelendi. Ultrasonografi ile ortalama femoral kartilaj,
quadriceps femoris (QF) kas, uyluk subkutan yag, QF tendon, proksimal ve distal patellar tendon kalinliklari, QF kas kalinliginin subkutan yag kalinligina
orani degerlendirildi. Diz OA tarli hastalarm agr1 ve fonksiyonel durumlari Gorsel Analog Skala (GAS) ve Western Ontario ve McMaster Universitesi
Osteoartrit indeksi (WOMAC) skoru ile degerlendirildi.
Bulgular: Diz osteoartritli bireylerde BDO skorlarin daha diisiik, ZKYT skorlar daha yiiksek saptandk (her ikisi igin p < 0,001). BDO ile WOMAC (o =-0,495,
p <0,001) arasinda orta diizeyde negatif, ZKYT ile WOMAC arasinda pozitif bir iliski vardi (o = 0,428, p <0,001). QF kas kalinligimnin subkutan yag kalinlhigina
orani, BDO ile orta diizeyde pozitif bir iliski gosterirken (o = 0,448, p < 0,001), uyluk subkutan yag kalinligmmn BDO ile zayif negatif bir iliskisi vardi (o =
-0,364, p <0,001). KL skoru, BDO ile zayif negatif (0 =-0,201, p = 0,048) ve ZKYT ile zay1f pozitif iliski gosterdi (0 = 0,239, p = 0,019). QF kas kalinligs, BDO ile
zayif pozitif iliskiye sahipti (o = 0,238, p = 0,019). GAS, BDO ile zayif negatif bir iligki gosterirken (o = -0,255, p = 0,012), uyluk subkutan yag kalinligi, ZKYT
ile zay1f pozitif bir iligki sergiledi (o = 0,275, p = 0,006). Regresyon analizi, WOMAC'n BDO igin anlamli bir belirleyici oldugunu ortaya koydu (p < 0,05).
Sonug: Radyografi ve ultrasonografi, denge bozukluklarimi 6ngormede etkili olabilir ve ileri derecede osteoartritli hastalar, denge bozukluklarimni yonetmek
i¢in yogun bir rehabilitasyon yaklagimina tabi tutulmalidir.
Anahtar Kelimeler: Denge Bozuklugu, Diz Osteooartriti, Radyografi, Ultrasonografi.
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Introduction

Knee osteoarthritis (OA) is a prevalent and disabling condition, recognized as one of the leading causes of
disability among older adults in developed nations (1). In Turkey, studies have shown a symptomatic knee
OA prevalence of 20.9% in Izmir among individuals aged 40 and older and 14.8% in urban areas of Antalya
among individuals aged 50 and older, with risk factors including age, female gender, certain daily activities,
and residential type. (2,3). People with knee OA often experience increased balance issues, likely due to
reductions in muscle strength and joint position sense (4). Consequently, treatment programs targeting
balance improvements are essential to achieving effective rehabilitation (5).

Radiographic imaging plays a pivotal role in diagnosing OA due to its ability to reveal hallmark pathological
alterations such as subchondral sclerosis, joint space narrowing, and osteophyte formation on X-ray. These
radiographic alterations allow for the classification of OA depending on the location and seriousness of
articular cartilage engagement (6,7). Studies have linked structural imaging findings with functional
outcomes, such as balance and gait, with higher KL grades associated with greater fall risk as measured by the
Berg Balance Scale (BBS) (6,7). Interestingly, this elevated fall risk was not reflected in Timed Up and Go (TUG)
test results, suggesting a potential discrepancy between various balance assessment methods (6).

Beyond knee OA, studies on related conditions, such as multiple sclerosis (MS) and Parkinson’s disease (PD),
provide additional insight into the impact of cartilage degeneration on balance. For instance, ultrasonographic
assessments of knee degeneration in MS patients show more pronounced femoral cartilage degeneration
compared to healthy controls. However, within the MS group, no significant correlations were found between
cartilage degeneration grade and functional scores from the Visual Analog Scale (VAS), BBS or Western
Ontario and McMaster University Osteoarthritis Index (WOMAC) (8). Similarly, research into PD revealed
that distal femoral cartilage thickness was notably lower in severe PD cases than in healthy individuals. This
ultrasonographic evidence suggests early cartilage damage in PD, with a progressive decrease in cartilage
thickness as the disease advances (9).

Studies have reported that individuals with knee OA show deficits in standing balance and proprioception,
as observed through both clinical assessments and laboratory measurements (4,10-15). Insufficient or
inaccurate proprioceptive feedback from the knee joint negatively impacts both static and dynamic balance
control in these individuals. Additionally, factors such as muscle strength, OA severity on X-rays, knee
alignment, pain levels, and proprioceptive accuracy further influence balance in those with knee OA.
Improved standing balance has been associated with greater quadriceps strength, more advanced
radiographic disease, reduced varus alignment, lower pain levels, and enhanced proprioception (16,17).
Previous studies have also explored the relationship between pain and radiological findings using MRI
(Magnetyic Resonance Imaging) and ultrasonography (USG) (18,19). A review analyzing the effects of balance
training in knee OA patients found that balance exercises significantly enhance both balance and functionality.
This underscores the importance of identifying balance impairments in knee OA to better target and optimize
treatment (20).

Our study aimed to delve into the relationship between KL staging, ultrasonographic assessments, and
balance metrics in knee OA patients. Unlike previous studies, we seek to determine if combining radiographic
and ultrasonographic findings can more accurately predict balance impairments, providing a more holistic
understanding of knee OA progression and its effects on postural stability. This could offer new insights for
more targeted therapeutic approaches in clinical settings.

Materials and Methods

Tsonga et al. found the fear of falling among patients with OA to be 82.4%, while this rate ranged from 20.8%
to 85% among elderly patients (21). Based on these rates, assuming a fear of falling rate of 60% in the control
group and 82.4% in osteoarthritis patients, with a critical z value of 1.645, 80% power, and a significance level
(o) of 0.05, a minimum of 94 volunteers in the patient group and 32 in the control group are required. This
prospective and cross-sectional study was contained a total of 97 individuals between the ages of 50 and 70
diagnosed with knee OA based on the criteria found by the American College of Rheumatology (22) and 33
healthy individuals as control. Prior to participation, all individuals were notified about the study procedure
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and written and verbal consent was acquired. This study approved by Ethics Committee of Ankara Numune
Health Education and Research Hospital (approval numbered 2425/2018 dated 07.02.19) and the study
followed the tenets of the Helsinki Declaration. All procedures adhered to the ethical standards of the
responsible committee on human experimentation (institutional and national) and complied with the Helsinki
Declaration of 1975, as revised in 2008.

The inclusion of patients aged 65 to 70 with knee OA in this study is important because balance problems often
become more pronounced in this age range due to age-related physiological changes, including muscle
weakening and altered proprioception. This age group is more susceptible to these balance impairments,
which are further exacerbated by OA. By studying individuals within this age bracket, we aim to gain a clearer
understanding of how OA-related changes impact balance and function, which can provide valuable insights
for developing targeted interventions for fall prevention and mobility improvement in older adults with OA
(23).

Trauma history to that knee in the last 6 months, knee prosthesis, osteotomy, arthroscopy and any surgical
operation on the lower extremity in the past, those who have received intra-articular steroid injection within
4 weeks, those who have a neurological disease that may cause severe balance disorders (Parkinson's disease,
stroke history, multiple sclerosis, epilepsy, cardiac syncope), those with a history of drug use that may cause
balance disorders, those with severe visual impairment, those with depressive mood, those with severe
respiratory, central, peripheral, vascular and subjects with uncontrolled metabolic problems, patients who
need assistive devices for ambulation and those who did not sign the informed consent form were excluded
from the study. The demographic data, including age, gender, weight, height, education, occupation and
presence of additional diseases, was noted. Body mass index (kg/m2) (BMI) was computed.

Asssesment Criteria

Radiographic evaluation was performed using the KL scale on anteroposterior and lateral knee radiographs
by the researchers. The early stages, typically KL grades 0, 1, and 2, are associated with minimal to moderate
changes in the joint. These early grades typically correlate with mild symptoms or minimal functional
limitations. As the disease progresses, KL grades 3 and 4 reflect more severe joint degeneration, with
significant narrowing of the joint space, larger osteophytes, and possible deformities (24).

A GE P5 Model Ultrasonography device (GE Healthcare, Chicago, United States) with a 7-12 MHz linear probe
for evaluations. The measurements were conducted by a researcher with over 2 years of experience in
musculoskeletal ultrasonography, under the supervision of an individual with more than 8 years of expertise
in the field. Quadriceps femoris muscle thickness (QFMT), QFMT/thigh subcutaneous fat thickness (TSFT),
quadriceps femoris muscle tendon thickness (QFMTT), proximal and distal patellar tendon thickness, and
femoral cartilage (FC) thickness were assessed. Care was taken to avoid unnecessary pressure during
measurements to prevent probe interference with underlying tissue. Every measurement was carried out three
times, the mean was recorded. QFMT and TSFT were assessed with the patient in the supine position, probe
in the transverse plane, positioned 15 cm proximal to the midpoint of the patella (Figure 1). Distal FC thickness,
medial, intercondylar and lateral FC thickness measurements were measured with the knee maximally flexed,
in the transverse plane perpendicular to the femur and the average was recorded (Figure 2). QFTT
measurement was conducted the knee bent at an angle of 20-30 degrees, in the sagittal plane from just before
the QF tendon attachment to the patella. Proximal tendon thickness was measured at the lower end of the
patella, and distal proximal tendon thickness was measured where the tuberosity attaches to the tibia.

The functional level of the patients due to knee OA was evaluated using the Western Ontario and McMaster
University Osteoarthritis Index (WOMAC). Pain was evaluated with 5, stiffness with 2, and functional level
with 17 questions. For each measurement, questions were scored between 0-4 and the total score was
determined (total score min 0, max 96). Turkish validity and reliability study of the index was carried out (25).

Participants' pain levels were evaluated with the Visual Analogue Scale (VAS) on a scale of 0-10 cm (0: no pain,
10: the worst pain imaginable). VAS was utilized to assess the knee pain experienced by patients over the past
week. The patient was instructed to quantify the severity of his pain on a horizontal line marked between 0
and 10 (26).
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Participants' static and dynamic balances were evaluated with the BBS, and their dynamic balance and
mobility with the TUG. BBS is utilized to evaluate both static and dynamic balance. The BBS has been used in
many studies in older adults, Parkinson's patients, patients with osteoporosis, and those with a history of
stroke, and is considered the gold standard in the evaluation of functional balance (27-29)Turkish validity and
reliability study was conducted (30). BBS consists of 14 different questions. The patient is evaluated by the
observer while doing these activities and scored between 0-4. In this scoring, while a score of 4 symbolizes
performing the activity without any support, a score of 0 symbolizes full support or the inability to perform
the activity at all. The highest total score is 56 and indicates perfect balance. If a patient scores between 0-20,
they are wheelchair-dependent, while a score between 21-40 indicates the ability to walk with assistance.
Independence in mobilization activities is considered for scores between 41 and 56. Scores below 45 are related
to increased fall risk (31).

TUG, is primarily a functional test that assesses dynamic balance, walking speed and mobility can be swiftly
assessed. The duration required for the patient to rise from the chair, walk 3 meters, return and sit is recorded.
The average of 3 tests is taken. A shorter TUG indicates better functional performance and. Values of 13.5
seconds and above were linked to an increased chance of falling (32).

Statistical analyzes were performed with SPSS version 21.0 (IBM, Armonk, NY, USA). The normality
assumption of variables was assessed utilizing the Kolmogorov-Smirnov test. For comparisons between
groups, the Mann-Whitney U test was employed for non-parametric variables, while the Student's t-test was
utilized for parametric variables. The Chi-Squared test was applied to assess categorical variables. In
correlation analysis, either Pearson or Spearman correlation tests were chosen based on the distribution of the
data. Regression analysis was performed for BBS and TUG scales that showed significant results in the
correlation analysis. A significance level of p<0.05 was considered statistically significant for all tests.

Results

The study was completed with 97 individuals in the knee OA group and 33 people in the control group. There
was no significant difference between the knee OA group and the control group with respect to age, gender,
height, and presence of additional diseases (p>0.05, for all). Weight and BMI were discovered to be markedly
greater in the knee OA group (p<0.05). In individuals with knee OA, BBS scores were discovered to be lower
and TUG scores were higher (p <0.001 for both). Demographic data and balance impairment evaluations of
knee OA and control groups is demonstrated in Table 1.

For KL scores, 75.8% of the control group had a score of 0, while none of the OA group had this score (p<0.001).
Additionally, 24.2% of the control group had a KL score of 1, compared to 1% in the OA group. In contrast,
higher KL scores were observed exclusively in the OA group, with 52.6% having a score of 2, 39.2% a score of
3, and 7.2% a score of 4, with none of the control group falling within these ranges.

In the OA group, correlation analysis revealed no significant differences in BBS scores and in TUG Scores in
terms of gender, occupation, or education level. In this study, moderate correlations included negative
associations of BBS with WOMAC (0=-0.495 p=0.000) and age (0=-0.426 p=0,000), as well as positive
associations of TUG with WOMAC (0=0.428 p=0.000). Additionally, the QFMT/TSFT correlated moderately
positive with BBS (0=0.448 p=0.000), while TSFT showed a weak negative correlation with BBS (0=-0.364
p=0.000). Weak positive correlations were found between age and TUG (0=0.379 p=0.000), VAS and TUG
(0=0.242 p=0.017), and BMI with both TUG (0=0.281 p=0.005) and weak negative correlations BBS (0=—0.244
p=0.016). Additionally, the KL score had weak negative correlations with BBS (0=—0.201 p=0.048) and weak
positive correlations with TUG (0=0.239 p=0.019), and QFMT correlated weakly with BBS (0=0.238 p=0.019).
Height demonstrated a weak negative correlation with TUG (0=—0.251 p = 0.013). Additionally, VAS had a
weak negative association with BBS (0=—0.255, p=0.012), while TSFT showed a weak positive correlation with
TUG (0=0.275, p=0.006). These findings suggest that factors like age, WOMAC, VAS, KL scores, TSFT,
QFMT/TSFT and BMI play varying roles in balance and mobility among patients with knee OA (Table 2).
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Table 1.
Demographic Data and Balance Impairment Evaluations of Knee Osteoarthritis Patients and
Control Groups
Control (N=33) Patient (N=97) p value
Age (year) 59(54.5-61) 59(54-64) 0.229
BMI (kg/m?) 25.05+2.46 30.74+4.71 <0.001>
N(%) N(%)
Gender Female 26(%78.8) 86(%88.7) 0.156¢
Male 7(%21.2) 11(%11.3)
Occupation House wife 5(%15.2) 80(%82.5)* <0.001¢
Worker 5(%15.2) 9(%9.3)
Officer 15(%45.5)* 1(%1)
Other 8(%24.2)* 7(%7.2)
Educational level Literate 0(%0) 27(%27.8)* <0.001¢
Primary school 10(%30.3) 60(%61.9)*
Middle school 0(%0) 2(%2.1)
High school 10(%30.3) 6(%6.2)
University 13(%39.4)* 2(%2.1)
BBS 56(55-56) 52(50-54) <0.001°
TUG (sn) 9(8-9) 10.5(9-12) <0.001°

X*SD: Mean + Standard Deviation,

Md (Q1-Q3): Median (Interquartile Range)
a: Mann-Whitney U test

b: Student’s t-test

c: Chi-Square

BMI: Body Mass Index

BBS: Berg Balance Scale

TUG: Timed up and Go Test

*: Statistically significant higher (p<0.05)

When the OA group compared with the control group no significant differences were found between the two
groups in terms of hypertension, diabetes mellitus, cardiovascular disease, kidney disease, lung disease, and
other comorbidities (p>0.05 for all).
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Table 2.

Correlations Of Balance Assessment Tests with Other Data in Knee Osteoarthritis Patients

Test Berg balance TUG
BBS Rho -0.736
P <0.001
TUG (sn) Rho -0.736
P <0.001
Age (years) Rho -0.426 0.379
P <0.001 <0.001
Weight (kg) Rho -0.097 0.141
P 0.343 0.170
Height (m) Rho 0.167 -0.251
P 0.103 0.013
VAS (cm) Rho -0.255 0.242
p 0.012 0.017
WOMAC Rho -0.495 0.428
P <0.001 <0.001
KL score Rho -0.201 0.239
P 0.048 0.019
MEFC thickness (mm) Rho 0.163 -0.122
P 0.112 0.233
IFC thickness (mm) Rho 0.209 -0.156
P 0.040 0.127
LFC thickness (mm) Rho 0.185 -0.114
P 0.069 0.265
Mean FC (mm) Rho 0.212 -0.161
P 0.037 0.115
QF muscle thickness (mm) Rho 0.238 -0.198
P 0.019 0.052
Thigh subcutaneous fat thickness (mm) Rho -0.364 0.275
P <0.001 0.006
QF tendon thickness(mm) Rho 0.000 0.090
P 0.998 0.382
Proximal patellar tendon thickness (mm) Rho -0.127 0.180
P 0.214 0.078
Distal patellar tendon thickness (mm) Rho -0.112 0.188
P 0.276 0.065
QFMT/TSFT Rho 0.448 -0.356
P <0.001 <0.001
BMI (kg/m?) Rho -0.244 0.281
P 0.016 0.005

BBS: Berg Balance Scale, TUG: Timed up and Go Test, KL: Kellgren Lawrence, MFC: Medial femoral cartilage, IFC:
Interconylar femoral cartilage, LFC: Lateral femoral cartilage, Mean FC: Mean femoral cartilage, QF: Quadriceps femoris,
QFMT: Quadriceps femoris muscle thickness TSFT: Thigh subcutaneus fat thickness BMI: Body Mass Index

rho: Spearman correlation coefficient.

Regression analysis was performed for BBS and TUG scales that showed significant results in the correlation
analysis. A regression analysis was conducted to examine the relationship between WOMAC, VAS, and KL
scores and BBS scores. It was found that 49% of the variance was explained (p<0.001). WOMAC scores showed
a significant relationship with Berg balance scores (p<0.05 for all) (Table 3).
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Table 3.
Regression Analysis for the BBS Test

. Unstandardized
Unstandardized ..
.. SE coefficients p value 95% CI
coefficients (B)
(Beta)

(Constant) 55.424 5.757 <0.001 (43.965 to 66.883)
WOMAC -0.05 0.021 -0.278 0.016 (-0.091 to -0.010)
VAS -0.06 0.201 -0.034 0.767 (-0.459 to 0.340)
KL_skoru -0.385 0.388 -0.087 0.324 (-1.157 t0 0.388)

R2=0,493; 95% CI: Confidence interval for B, SE: standard error, BBS: Berg Balance Scale, WOMAC: Western Ontario and
McMaster University Osteoarthritis Index, VAS: Visual Analog Scale, KL: Kellgren Lawrence.

A regression analysis was conducted to examine the relationship between WOMAC, VAS, and KL scores and
TUG scores. It was found that 40% of the variance was explained (p<0.001). No significant relationship was
found between WOMAC, VAS, and KL scores and TUG scores (p>0.05 for all) (Table 4).

Table 4.
Regression Analysis for the TUG Test
Unstandardized Unstandardized
coefficients SE coefficients p value 95% CI
(B) (Beta)

(Constant) 14.679 5.639 0.011 (3.451 to 25.908)
WOMAC 0.018 0.019 0.116 0.355 (-0.020 to 0.056)
VAS 0.000 0.193 0.000 0.998 (-0.385 to 0.385)
KL_skoru 0.264 0.384 0.069 0.495 (-0.502 to 1.029)

R?=0.397; 95% CI: Confidence interval for B, SE: standard error, TUG: Timed up and Go Test, WOMAC: Western Ontario
and McMaster University Osteoarthritis Index, VAS: Visual Analog Scale, KL: Kellgren Lawrence

Discussion

In this study, knee OA patients demonstrated significantly lower BBS scores and higher mobility impairment
(TUG) times compared to the control group. The OA group also exhibited higher BMI and weight. Moderate
negative correlations were observed between BBS and WOMAC scores, age, and moderate positive
correlations between BBS and QFMT/TSFT, as well as between TUG and WOMAC. Weak negative correlations
were identified between BBS and VAS, KL score, and BMI, while weak positive correlations were found
between TUG and VAS, KL score, TSFT, and BMI. Regression analysis revealed a significant relationship
between WOMAC scores and BBS. Conversely, no significant predictors were identified for TUG scores in the
regression analysis. Additionally, demographic factors such as gender, occupation, and education level
showed no significant differences in BBS or TUG scores. Overall, factors like WOMAC scores, body
composition, and age play key roles in influencing balance and mobility in knee OA patients.

The demographic and clinical characteristics of the knee OA group in our study, including mean age, female-
to-male ratio, and BMI, align well with findings reported in the general literature. The mean age of
participants, as well as the predominance of female patients (88.7%), reflects the commonly observed higher
prevalence of OA in older adults and a greater incidence among women, consistent with previous studies.
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Furthermore, the significantly higher BMI in the OA group compared to controls is in line with established
evidence that links increased BMI to a heightened risk of knee OA due to the added mechanical load on joints
and its role as a modifiable risk factor in OA progression (33). These demographic and clinical patterns support
the generalizability of our findings to the broader OA population.

Balance disorders have emerged as a significant public health concern, primarily attributed to the heightened
risk of falling (34). Individuals with knee osteoarthritis (OA) are more likely to experience falls compared to
those without OA (35). In the context of knee OA, the compromised proprioception is not only associated
with articular cavity concerns but also stems from the reduction in mechanosensory receptors within
periarticular tissues such as ligaments, tendons, and muscles, where sensory innervation is predominant. Due
to the decrease in QF strength, postural stability deteriorates, leading to an increased risk of balance issues
and incidents of falling in patients with knee OA (15,36).

While Analan et al. found no significant differences in postural stability between KL stage 2 and 3 knee OA
patients (37), our study observed that balance decreases with more advanced KL stages, suggesting that KL
staging may indeed influence balance as OA progresses. This supports our focus on assessing balance
impairments in more severe OA cases, as evidenced through functional measures like the BBS and TUG tests.
Our study’s results corroborate existing research on the association between knee OA severity and declines in
balance and mobility, as seen through functional measures such as the BBS and TUG test. Consistent with
research by Ribeiro et al., individuals with higher KL grades exhibited poorer balance, consistent with our
observations of reduced BBS scores as OA severity rose (6). However, as highlighted in previous studies, a
discrepancy can exist between balance assessment methods, with fall risk not always captured by TUG times
despite BBS sensitivity, a pattern also observed in our study (6).

Our study revealed a positive correlation between Balance Berg Scale (BBS) scores and mean femoral cartilage
(FC) thickness, suggesting that better balance is associated with greater cartilage thickness. Beyond OA,
research on related degenerative conditions like MS and PD offers insights into the broader implications of
cartilage degeneration on balance (8). For example, Eroglu et al. found that MS patients exhibited significant
femoral cartilage (FC) degeneration, though it did not strongly correlate with balance scores, similar to
findings by Uysal et al. for distal FC thickness in PD patients (8). These findings indicate that while cartilage
degeneration plays a critical role in balance and mobility in OA, the relationship varies across conditions,
reflecting distinct mechanisms affecting physical function. Together, these studies highlight the need for
diverse assessment tools to better understand the complex interplay between structural degeneration and
functional outcomes in OA and other conditions.

We acknowledge that the primary limitation of our study is the lack of homogeneity in weight and BMI within
our patient group, with the knee OA group having higher BMI and weight levels. As a higher BMI is often
linked to an increased risk of balance impairments and falls, especially in older adults, due to the added joint
stress, reduced mobility, and shifts in the center of gravity associated with excess weight. Secondly, the study
group had a predominance of female participants. Ensuring similar gender distributions in future research
could help to reveal knee OA related differences more clearly. Including patients aged 65-70 in the study is
another limitation, as balance problems often develop within older adults. Our findings demonstrated that the
following factors associated with balance function in patients with knee OA: age, VAS, WOMAC, KL score
and BMI values, ultrasonographically measured intercondylar FC thickness, mean FC thickness, TSFT, QFMT
and QFMT/TSFT. There is a need for studies with groups with different demographic and cultural
characteristics to evaluate other factors affecting radiological and ultrasonographic changes in knee OA.

Conclusion

This study highlights balance disorders in knee OA and their significant associations with radiological and
ultrasonographic findings. Key metrics like QFMT, QFMT/TSFT and KL scores were correlated with balance
measures, and WOMAC emerged as a strong predictor of balance performance. These findings underscore
the value of combining imaging and clinical assessments to better understand and address balance
impairments in knee OA patients. Additionally, patients with severe OA should undergo an intensive
rehabilitative approach to address balance disturbances effectively.
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Abstract

68-year-old male patient is admitted to hospital due to hip pain. He had undergone a surgery for left pertrochanteric fracture 18 days ago in another hospital.
Alocked plate was used for osteosynthesis which have failed immediately after mobilization. Single stage revision was performed due to implant failure and
acute implant related infection. Hematoma formation and persistent wound drainage developed. Angiography identified an injury of deep femoral artery.
Angiographic embolization was performed.

If patient experiences recurrent swelling, hematoma and persistent wound drainage, vascular injury should be considered. Angiography should be carried
out for early diagnosis. Angiographic embolization provides effective treatment.

Keywords: Hematoma, Deep Femoral Artery, Ct Angiography, Angiographic Embolization, Prosthetic Joint Infection.
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68 yasindaki erkek hasta, kalca agrisi sikayetiyle hastaneye bagvurdu. Hasta, bagka bir hastanede 18 giin 6nce sol tarafli pertrokanterik kirtk nedeniyle cerrahi
operasyon gegirmisti. Osteosentez igin kilitli plak kullanilmis, ancak mobilizasyon sonrasi implant hemen basarisiz olmustur. implant basarisizlig1 ve akut
implant iligkili enfeksiyon nedeniyle tek asamali revizyon uygulanmistir. Hematom olusumu ve kalici yara akintisi gelismistir. Anjiyografi, derin femoral
arter yaralanmasini tespit etmis ve anjiyografik embolizasyon yapilmustir.
Eger hastada tekrarlayan sislik, hematom ve kalic1 yara akintis1 goriiliirse, vaskiiler yaralanma diistiniilmelidir. Erken tan1 i¢in anjiyografi yapilmasi gerekir.
Anjiyografik embolizasyon etkili bir tedavi saglar.
Anahtar Kelimeler: Hematom, Derin Femoral Arter, BT Anjiyografi, Anjiyografik Embolizasyon, Protez Eklem Enfeksiyonu.
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Deep Femoral Artery Injury After Conversion Hip Arthroplasty: A Case Report

Introduction

Vascular injuries are rare but devastating complications in total hip arthroplasty (THA). The risk of vascular
injury should be kept in mind due to the proximity of major vessels when performing THA. The prevalence
of vascular injury in primary THA was reported to be 0.08-0.5% (1). Due to the more complex nature of revision
THA the risk is even higher (0.2% - 1.2%) (2). The most common causes for vascular injury are retractor
compression, direct penetration during acetabular reaming, screw, and PMMA thermal necrosis (1).
Depending on the level and location of vascular injury, it may cause excessive bleeding compartment
syndrome, functional loss, hypotensive shock, and even death (3). Postoperative follow-up may reveal the
condition, with the patient showing general deterioration, resistant anemia, hypotension, progressive
swelling, hematoma formation, persitant wound drainage and severe pain.

In this case report, a patient who underwent revision THA due to implant failure and infection, persistent
hematoma and bleeding caused by pseudoaneurysm of the deep femoral artery will be discussed. The patient
was informed that the data concerning the case would be submitted for publication and informed consent was
obtained.

Case Presentation

A 68-year-old male patient with known hypertension, hyperlipidemia, and benign prostatic hyperplasia was
admitted in our clinic due to increasing left hip pain for two days. He had undergone open reduction and
internal fixation operation with locked plate and screw for left pertrochanteric fracture 18 days earlier in
another center (Figure 1a).

On physical examination, swelling, erythema, increased warmth and redness were observed around the skin
incision. Hip joint movements were painful and limited. Vascular and neurologic examination was normal in
the lower extremity. The Oxford hip score was 3. It was learned that the patient's body temperature had been
subfebrile in recent days.

The C-reactive protein (CRP) was 20.4 mg/L, erythrocyte sedimentation rate (ESR) was 53 mm/hour, and
Hemoglobin (Hb) was 12.3 gr/L. Pelvis X-ray showed implant insufficiency and loss of reduction (Figure 1b).
Due to suspicion of implant related infection joint aspiration was performed under fluoroscopy, which
revealed hemopurulent material (Figure 1c).

Figure 1. Postoperative X-rays showing plate and screw fixation (1a), implant failure and loss of reduction on
Day 18 (1b), and left hip joint aspiration material (1c).

Cell count showed 96.5% polymorphonuclear leukocyte (PMNL) and a white blood cell (WBC) count of
24,223 /uL. Oxacillin-resistant Staphylococcus epidermidis was identified in culture.
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Additionally, since the patient had a urinary catheter in place since the first surgery, a complete urinalysis and
urine culture were also ordered to detect possible urinary tract infection. The urinalysis showed 3+ leukocytes,
and the culture revealed growth of Candida parapsilosis. Antibiotherapy was tailored as Rifampicin 300 mg
BID, Teicoplanin 800 mg OD, and Fluconazole 200 mg OD. A single-stage revision surgery was planned for
treatment.

Previous incision was used and extended for posterior exposure. Plate and screws were loose and removed.
Necrotic and infected tissues were removed by performing extensive debridement. The wound was irrigated
with Crystalline, Hydrogen peroxide, Chlorhexidine, Betadine, and Serum physiologic. The surgical team was
sterilized again, and the surgical equipment was replaced with new ones. Then, an appropriate cementless
total hip prosthesis was implanted (Wagner SL revision femoral stem and Trilogy IT acetabular cup, Zimmer
Biomed, Warsaw, Indiana, US). One cable was wrapped around the diaphysis to hold the displaced bone
fragment in place (Figure 2a).

A hemovac drain was placed. The drain was removed when the amount of drainage decreased to 20 ml/day
on the third postoperative day. The patient's general condition was good. There was no fever or discharge at
the wound or any other pathological examination finding. On the 7th day, swelling and discharge started at
the incision site. Since the hemoglobin values were unstable, repeated ES transfusions were performed.

The next day, as the swelling and discharge increased, the patient was taken back to the operating room for
hematoma evacuation. Approximately 1 liter of organized hematoma was evacuated, and two hemovac drains
were placed (Figure 2b).

Figure 2. Postoperative imaging and procedures for total hip prosthesis, including X-ray showing a cable at
the diaphysis level (2a) and hematoma evacuation after revision total hip arthroplasty (2b).

During postoperative follow-ups, the patient's drainage output remained above 200 ml/day for 6 days. We
administered i.v. tranexamic acid 1 gr TID for one month to decrease bleeding. Due to unstable hemoglobin
levels, a total of 6 units of packed red blood cells were transfused. As bleeding continued, a CT angiography
was performed and showed a pseudoaneurysm at the level of the cable fixation on the femoral diaphysis due
to injury to the deep femoral artery branch. Transarterial embolization of the pseudoaneurysm via n-butyl
cyanoacrylate glue was performed under angiography by interventional radiology (Figure 3).

After the embolization, the patient's general condition improved, and the bleeding decreased. Hemovac drains
were removed on the second day after the embolization. Hemoglobin levels remained stable. However,
swelling, wound drainage and fever has started again after 2 days. The CRP levels increased up to 291 mg/dL.
Klebsiella Pneumonia growth was seen in a blood culture taken in the intensive care unit. Clinical and
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radiological findings indicated an acute postoperative prosthetic joint infection. A second single stage
exchange was performed on the 6th day after embolization. Tissue samples were taken for culture. Klebsiella
Pneumonia was identified. Antibiotics were tailored as Teicoplanin 400 mg OD, Rifampicin 300 mg BID and
Meropenem 1 gr TID according to identified organism. CRP levels returned to normal. Antibiotics were
planned to be administered in this regimen intravenously for 2 months and oral with Rifampisin 300 mg BID
and Doxycycline 100 mg BID for 6 months after iv therapy was done. The patient's general condition
improved, was discharged on the 22nd day after the last surgery.

Figure 3. Vascular injury assessment and treatment, including CT angiography showing pseudoaneurysm and
arterial injury (red arrows, 3a) and injured artery during embolization (3b).

Discussion

Although vascular injury is a rare complication after THA, it may have serious consequences. In revision
surgeries, it is 2.4 times more common than in primary cases (1). The most frequently injured vessels are the
superior gluteal artery and deep femoral arteries (4). Vascular injuries are more common around acetabulum
compared to femoral region. In this presented case we encountered bleeding of a pseudoaneurysm of deep
femoral artery. The deep femoral artery is more susceptible to injury in the proximal femur, as it runs near the
diaphysis and between the muscles. The most common causes for vascular injury are retractor compression,
direct penetration during acetabular reaming, screw, and PMMA thermal necrosis (1). We were able to find a
total of 4 published studies on deep femoral artery pseudoaneurysms in total hip arthroplasty. In one of these
(5), the injury was thought to be secondary to intraoperative hip manipulation. In another (6), the authors
attributed injury from the osteotome. According to Baker S et al., failure of the revision hardware and
subsequent migration of the implants led to damage to the PFA and pseudoaneurysm formation (7). And the
last one was thought to be due to either inappropriate and aggressive placement of Hohmann retractors or
aggressive exposure of the femur and acetabulum (8). In our case the vessel may be damaged during cable
insertion as the vessel is close to the femur.

Clinical suspicion should arise when there is an increasing swelling, a palpable mass, excessive bleeding from
the drains and hemodynamic instability. However, in some situations symptoms appear late, and diagnosis
may be delayed. Hence close monitoring of patiens regarding bleeding symptoms is paramount to diagnose
any vascular injury without delay.

Various radiological imaging methods such as Doppler ultrasound, CT angiography, MR angiography and
conventional angiography can be used to diagnose vascular injuries. CT angiography is successful in revealing
the vascular anatomy in detail and locating the active bleeding focus, because of its high spatial and temporal
resolution. It has also the capability of being able to show the pathology that causes bleeding and help to guide
the appropriate treatment.

Treatment methods vary depending on the type and location of the vascular injury. Conservative methods,
endovascular intervention with angiography using embolization or stenting, primary repair and excision, are

Abant Tip Dergisi - https://dergipark.org.tr/tr/pub/abantmedj 137



Alparslan UZUN ve Ark.

commonly used treatment options. These options should be evaluated based on the patient's clinical condition,
the need for reoperation, and the damage to other anatomical structures. In our case, although we evacuated
hematoma we could not find a significant bleeding focus during surgery. In cases of deep-seated bleeding,
angiographic treatment methods should be considered. In the presented case, the patient's bleeding stopped
and his hemodynamic status stabilized after angiographic embolization.

Bleeding after joint arthroplasty subsequently causes persistent wound drainage and hematoma which serves
as a highly nutrient medium for growing microorganisms. Especially if there is a fascial defect, it can lead to
prosthetic joint infections (PJI). In a study by Parvizi et al. (9) with 234 primary total knee or hip arthroplasty
patients, prolonged wound drainage was present in 31% of PJI cases compared to control group (3% ) and
hematoma was present in 14% of PJI cases while this rate was 1% in the control group (for both comparison
p=0.0001). Galat et al. reported the rate of developing PJI as 10.5% within 2 years in patients undergoing
surgery to evacuate hematoma within 30 days after hip arthroplasty, while this rate was 0.8% in patients who
did not require hematoma evacuation (10). In our case, hematoma and persistent wound drainage inevitably
caused acute postoperative PJI. We proceed with a single stage exchange and antibiotics for treatment. Patient
is free of infection and happy with the current clinical condition at the first year follow-up.
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Abstract

Coronary artery bypass surgery has remained the gold standard of coronary revascularization for many years in many patients with coronary artery disease,
especially in patients with multivessel coronary artery disease. In this paper, basic information, history and indications related to coronary bypass surgery,
as well as preoperative, operative and postoperative approaches and complications are concisely reviewed in the light of current literature and presented to

the readers.
Keywords: Coronary Artery Bypass Surgery; Coronary Artery Disease, Review.
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Koroner arter bypass cerrahisi, uzun yillardan beri ¢oklu damar koroner arter hastalar1 basta olmak iizere, koroner arter hastalig1 olan bir¢ok hastada koroner
revaskiilarizasyonun altin standardi olma &zelligini devam ettirmektedir. Bu makalede, koroner bypass cerrahisi ile iligkili temel bilgiler, tarihge ve
endikasyonlarin yani sira preoperatif, operatif ve postoperatif yaklagimlar ve komplikasyonlar giincel literatiir 1s181nda gézden gegirilerek kisa ama 6zlii bir
sekilde derlendi ve okuyuculara sunuldu.
Anahtar Kelimeler: Koroner Arter Bypass Cerrahisi; Koroner Arter Hastalig1, Derleme
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Introduction

Coronary artery disease (CAD) is a common spectrum of conditions that occurs when blood flow to the
myocardium is partially or completely blocked due to narrowing or obstruction of the coronary arteries. CAD
is a leading cause of death in developed countries, accounting for approximately one-third of all deaths (1,2).
Although it has begun to be seen at younger ages in recent years, the disease primarily affects individuals over
the age of 40. Due to the protective effect of estrogen in women, CAD is more frequently observed in men than
in women. The disease is commonly seen in men between the ages of 50 and 60, while in women, it most often
affects those aged 60 to 70 (3). The main factor contributing to the etiopathogenesis of CAD is "atherosclerosis"

).

Understanding the risk factors that lead to this disease and taking preventive measures are as important as
treating the disease itself. CAD risk factors are divided into two groups: non-modifiable risk factors (genetic
predisposition, advanced age, gender) and modifiable risk factors (hypertension, diabetes, hyperlipidemia,
smoking, stress, obesity, sedentary lifestyle) (2).

The main treatment methods for CAD include risk modification and medical therapy, percutaneous coronary
interventions, and coronary bypass surgery (2,5).

Coronary artery bypass surgery is a surgical treatment aimed at reperfusing coronary arteries that are not
adequately perfused due to narrowing or obstruction, thereby restoring their functionality. In this procedure,
coronary reperfusion is achieved by bypassing occluded or narrowed coronary arteries through various
autologous grafts anastomosed distal to the bypass (6).

History

In the early 1900s, Alexis Carrel performed the first experimental coronary artery bypass surgery on dogs. In
1956, Bailey successfully performed coronary endarterectomy, leading to direct surgical interventions on
coronary arteries. In the early 1960s, Sabiston and Garrett published the first case reports of coronary bypass
surgeries using the saphenous vein graft (SVG). In 1968, Favaloro reported successful coronary bypass
surgeries utilizing the SVG. Prior to the SVG, the internal thoracic artery (ITA) was considered as a graft
option. In 1961, Kolesov performed the first coronary bypass surgery using the ITA in Russia. In 1968, Green
published the first case series of coronary bypass surgery using the ITA. Following Green's successful
outcomes, the ITA became widely used worldwide as a bypass graft (7).

Indications

Individuals being evaluated for coronary artery bypass surgery should be assessed using the Society of
Thoracic Surgeons (STS) risk classification. In patients with multi-vessel CAD, tools such as the SYNTAX
(Synergy Between PCI with TAXUS and Cardiac Surgery) score can help in evaluating CAD complexity to
guide revascularization decisions.

Class I indications for coronary artery bypass surgery are as follows:

1. Stenosis of more than 50% in the left main coronary artery

2. More than 70% stenosis in the proximal left anterior descending (LAD) and proximal circumflex arteries
3. Three-vessel disease in asymptomatic patients or those with mild or stable angina

4. Three-vessel disease with proximal LAD stenosis in patients with impaired left ventricular function

5. Stable angina and one- or two-vessel disease with a large viable myocardial area at high risk

6. Proximal LAD stenosis in patients with an ejection fraction (EF) of less than 50% or more than 70%, with
ischemia demonstrated on non-invasive testing (8-10).

Other indications for coronary bypass surgery include:
1. Angina pectoris resistant to medical therapy

2. Persistent ischemia in the presence of non-ST elevation myocardial infarction (NSTEMI) unresponsive to
medical treatment
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3. The presence of viable but dysfunctional myocardium that can be revascularized in patients with low EF

4. Situations where percutaneous coronary intervention (PCI) is not feasible or has failed, and ischemia and
pain continue to threaten a significant area of the myocardium despite medical therapy (8-10).

Preoperative Preparation

Before coronary artery bypass surgery, the patient's medical history should be carefully reviewed for factors
that may predispose them to perioperative complications. If possible, these factors should be addressed, and
the patient's medical condition should be optimized. Factors that may increase the risk of perioperative
complications include recent myocardial infarction (MI), a history of previous heart surgery or chest radiation,
conditions predisposing to bleeding (such as anticoagulant or antiplatelet use), renal and/or hepatic
insufficiency, carotid artery disease, a history of cerebrovascular disease including transient ischemic attacks
(TTIA), electrolyte imbalances that may predispose the patient to arrhythmias, infections including urinary tract
infections, skin infections, and dental abscesses, as well as respiratory dysfunctions such as chronic obstructive
pulmonary disease (COPD) or lung infections.

Routine preoperative evaluations should include a complete blood count, coagulation profile, electrolyte
levels, comprehensive biochemical analysis including kidney and liver function tests, chest radiography,
electrocardiography (ECG), echocardiography, coronary angiography, and, if possible, carotid Doppler
ultrasonography and epiaortic ultrasonography (11,12).

Surgical Approach

The most commonly performed method worldwide and in our country is standard coronary artery bypass
surgery using cardiopulmonary bypass (heart-lung machine) and cardioplegic arrest (stopping the heart with
solutions called cardioplegia). In this method, following a median sternotomy, arterial cannulation is
performed from the ascending aorta and venous cannulation from the right atrial appendage, initiating
cardiopulmonary bypass. Then, a cardioplegia solution is administered to stop the heart and temporarily
protect the myocardium. During these steps, the bypass grafts are prepared concurrently. The most commonly
used grafts are the internal thoracic artery (ITA), saphenous vein graft (SVG), and radial artery (RA). Aorto-
coronary bypasses are generally completed by first performing distal coronary anastomoses, followed by
proximal aortic anastomoses (13).

Off-pump coronary bypass surgery is performed with using some devices such as Octopus tissue stabilizer on
the beating heart without cardiopulmonary bypass support. This surgical technique has been developed in
order to avoid detrimental effects of cardiopulmonary bypass such as systemic inflammatory response. Thus,
off-pump coronary bypass surgery has been reported to be associated with superior early-term postoperative
outcomes to conventional coronary artery bypass surgery using cardiopulmonary bypass (14-16).

Other, less frequently used methods in coronary bypass surgery include beating heart coronary bypass
surgery with cardiopulmonary bypass support, and coronary bypass surgery using minimally invasive,
endoscopic, and robotic methods, which have gained popularity in recent years (17,18).

Postoperative Management

After the surgery, patients are admitted to the intensive care unit (ICU) and closely monitored with intubated
mechanical ventilation support during the critical initial postoperative hours. During these critical hours,
continuous monitoring is conducted to track arterial blood pressure, central venous pressure, blood oxygen
saturation, heart rate, and rhythm. Blood gases are frequently checked to monitor oxygen, carbon dioxide, and
saturation levels, as well as hemoglobin-hematocrit levels, blood pH, lactate, and electrolyte levels.
Additionally, drainage output and urine output are carefully monitored. Hemodynamic parameters are
maintained as stable as possible, and if necessary, fluid-electrolyte therapies and inotropic support are
provided.

Patients who are hemodynamically stable, have minimal drainage, and show adequate wakefulness with
normal motor function and neurological assessments are extubated within the first 4-6 hours postoperatively,
discontinuing mechanical ventilation support. Patients without significant complications in the following
monitoring are mobilized on the first postoperative day and transferred to the ward, where oral medication
therapy is initiated (11,15,16).
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Complications

Following coronary artery bypass surgery, a range of complications can occur both in the short and long term.
These complications may be associated with anesthesia, cardiopulmonary bypass, incisions, and the surgery
itself. The most common complications include myocardial dysfunction (perioperative MI, low cardiac output
syndrome), cerebrovascular accidents (stroke, transient ischemic attack), bleeding and cardiac tamponade,
acute renal failure, infections (pneumonia, mediastinitis, surgical wound infections), and arrhythmias (atrial
fibrillation) (19,20).

In the early postoperative period, a temporary and mild decrease in myocardial function is expected due to
myocardial edema and ischemia-reperfusion injury. However, additional factors such as incomplete
revascularization or graft failure can exacerbate this mild dysfunction. Low cardiac output syndrome, which
requires the use of inotropes and/or intra-aortic balloon pumps, occurs in approximately 4-9% of patients,
while more severe cases, such as segmental transmural MI, occur in 1-5% of patients (21-23).

Cerebrovascular and neurological adverse events are significant concerns in cardiac surgery. Major events,
such as stroke, occur in 1-4% of patients and can increase mortality by up to 10-fold. Embolisms from aortic
cannulation and manipulations, microemboli from cardiopulmonary bypass, and low blood flow and
hypoperfusion, particularly in individuals with chronic ischemic (relatively) brains (e.g., elderly patients), are
responsible for these neurological events (24,25).

Postoperative renal failure is a critical cause of mortality following coronary artery bypass surgery. The
incidence of acute renal failure in these patients is approximately 4%, and around 20% of these patients require
hemodialysis. The mortality rate for those requiring hemodialysis postoperatively is reported to be about 50%
(26).

Atrial fibrillation is also one of the most common complications after coronary artery bypass surgery,
occurring in 10-40% of patients, usually on the 2nd or 3rd day post-surgery. Postoperative atrial fibrillation is
associated with increased mortality, morbidity, and healthcare costs both in the short and long term (27-30).
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