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ABSTRACT

Increasing evidence supports that ketamine affects cognitive function, but various studies have reported
dissenting opinions. This study aimed to investigate the potential correlation between Ketamine usage and
memory deterioration, which is crucial for informing clinical practice and public health interventions. A
systematic review was conducted, and six databases were scanned according to the PRISMA guidelines. As a
result, 50 studies were analyzed to investigate the relationship between Ketamine and memory deterioration. It
was found that most studies provided evidence for the claim that there is a negative association between
Ketamine and cognitive function, specifically in the realm of memory. Some studies emphasized gender
differences; however, their results were inconclusive. Studies have also found that the impact of ketamine is not
limited to cognitive functions; it extends to other aspects such as depression, suicidal ideation, and
neurocognitive functions. In conclusion, it is evident that there is an association between Ketamine and memory
deterioration however, this relationship is challenging to develop and further studies are required.

Keywords: Cognition, Ketamine, Memory, N-Methylaspartate
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OZET

Ketaminin bilissel islevleri etkiledigine dair bulgular giderek artsa da gesitli calismalarda farkli goérusler ortaya
koyulmustur. Bu ¢alisma, klinik uygulamalar ve halk sagligi midahaleleri hakkinda bilgi vermede ¢ok 6nemli olan
Ketamin kullanimi ile bellek bozukluklari arasindaki potansiyel iligkiyi arastirmayi amaglamaktadir. Calismada
sistematik derleme y6ntemi benimsenerek PRISMA kilavuzuna gore alti veri tabani taranmis, Ketamin ve bellek
bozukluklari arasindaki iligkiyi arastiran 50 g¢alisma analize dahil edilmistir. Cogu galisma, Ketaminin biligsel
islevler, ozellikle de bellek lizerinde olumsuz bir etkisi oldugunu gostermektedir. Bazi galismalar cinsiyet
farklihklarini vurgulamis; ancak bunlarin sonuglari yetersiz kalmistir. Calismalar ayrica Ketaminin etkisinin biligsel
islevlerle sinirl olmadigini; depresyon, intihar diistincesi ve norobilissel islevler gibi diger yonler tizerinde de etkili
oldugunu ortaya koymustur. Sonug olarak Ketamin ve bellek bozukluklari arasinda bir iliski oldugu agiktir, ancak
bu iligkinin tam anlamiyla agiklanabilmesi igin daha fazla ¢alismaya ihtiyag vardir.
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Introduction

Ketamine hydrochloride, commonly referred to as
Ketamine is a widely used dissociative anesthetic that is
used medically for the induction and maintenance of
anesthesia. It is considered one of the safest anesthetics,
in contrast to opiates, ether, and propofol.2 Nowadays
Ketamine usage had varied to include depression
treatment, suicidality, chronic pain, migraines, obsessive
compulsive disorder, and even some post-traumatic stress
disorder (PTSD) symptoms.3* Introduced in 1962 for use
as an anesthetic and an analgesic (pain reliever) and also
for use in minor surgery, Ketamine is an old medicine. In
1970, the U.S. Food and Drug Administration (FDA)
approved the drug, and it quickly became the most widely
used battlefield anesthetic during the Vietnam War.®
Since then, more researchers have been interested in its
impact on mental health and have been involved in
further investigating it and how it can be used to enhance
or manage mental health crises.”

Ketamine and its usages

Ketamine is one of the most well-known forms of
psychoplastogen. Ketamine impacts multiple receptors
and pathways in the brain and body. Ketamine has a
predominant action on two very important
neurotransmitters: glutamate and gamma-aminobutyric
acid (GABA). In fact, as the Brain & Behavior Research
Institute points out, these two chemical messengers have
opposite effects: “glutamate is the most common of the
brain’s ‘excitatory’ neurotransmitters, while GABA has an
opposite, inhibitory, role.” This combination has been
shown to be an important outcome not only in enhancing
mood but also in decreasing suicidal ideation.8?

Ketamine was and is still being used for different
purposes; it can provide pain relief and short-term
memory loss, such as amnesia, during medical
procedures. Another important use for Ketamine is
sedation in general anesthesia because it is an induction
and maintenance agent. Ketamine is also used to control
symptoms of depression, respiratory depression, and
acute suicidal ideation by blocking the N-methyl-D-
aspartate (NMDA) site.10-15

Side effects of ketamine

Just like any other drug, Ketamine also has side effects,
including both mental and physical. The most common
mental side effects include sedation, dream-like state,
decreased focus, agitation, anxiety, hallucinations,
difficulty thinking, and many more. Physical side effects of
ketamine include involuntary eye movements, seizures,
nausea, vomiting, and elevated blood pressure. Although
ketamine activates the sympathetic nervous system,

which typically leads to tachycardia, there are
documented cases where decreased heart rate occurs,
influenced by factors such as individual physiological
responses and dosage.'>¢ Frequent use of ketamine can
lead to damage to various major organs, including the
digestive tract, urinary tract, and brain. Ketamine impact
on the brain leads to induction of long-term cognitive
deficits, which was found among frequent users. Frequent
ketamine users exhibit numerous cognitive impairments,
but particularly a specific decline in spatial working
memory.7-18

Ketamine and memory

Most other antidepressants act on one of the
"monoamine" neurotransmitters, such as serotonin,
norepinephrine, or dopamine. Ketamine, on the other
hand, is believed to work in a way that targets glutamate,
the most common excitatory brain chemical messenger. It
supports and strengthens synaptic connections by
coordinating the brain's ability to process cognitive
thoughts, emotions, and neuroplasticity. Therefore,
glutamate acts to direct one of the key agents in learning
and remembering, which is forming responses to past
experiences.

The role of the NMDA receptor as a key component in
learning is supported since the levels of ketamine in the
chronic and acute state associated with spatial memory
deficits in human beings, and due to the fact that there is
the existence of a high density of the NMDA, high-affinity
non-competitive NMDA acid in the hippocampus. This
study will establish the relationship between memory
deficits and frequent ketamine use by finding the
relevance from the literature.®

Method

This study used a systematic review method to collect,
analyze, and interpret the data. In the systematic review,
studies published on the relevant subject are scanned in
detail. The studies are included in the review in line with
the inclusion criteria, and the findings obtained are
synthesized quantitatively and qualitatively.’® This
systematic review study was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) protocol (Attachment 1).
PRISMA is a guide that provides transparency and
accountability between papers in the presentation of
results, specifying standards for reporting the results of
systematic reviews.?% In the current study, six databases
were scanned in November 2023, and different
combinations of the determined keywords were searched
in the titles and abstracts of the studies using boolean
operators (Table 1).
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Table 1. Search Strateg

Databases

EBSCO, MEDLINE/PubMed, Science Direct, Scopus, Web of Science Core Collection, WILEY

Keywords

NMDA, Ketamine, Memory, Cognition

e In English
Inclusion/Exclusion | e Research article

e Available in full text

e Published in a peer-reviewed journal

e About Ketamine effects on memory during or after treatment

EndNote version 21.0, Clarivate Analytics, which is “a
database application that is used to store, manage, and
find bibliographic information”, was used to extract the
studies from the databases. Then, the titles and abstracts
of the studies were examined individually and chosen
according to the inclusion criteria. 50 studies that comply
with the relevant criteria were determined as a result of
the screening, and those studies were included in the
scope of the review.

Ensuring validity and reliability in qualitative research
can be explained by the concepts of credibility and
confirmability. While credibility provides internal validity,
confirmability provides external reliability.?! The current
study research’s method, data, findings, and results were
explained in a way that will provide the maximum benefits
for the researchers. All included studies were analyzed in
an unbiased and impartial manner with their sources. In
this study, the studies included in the scope of the study
were coded into a database using the Microsoft Office
Excel program according to the pre-determined
categories.

The research questions of this systematic review are as
follows:

e  What is the most used route for Ketamine?

e  What is the most used dosage for Ketamine?

e If any, which other drugs were used in addition to
Ketamine?

e  Which scales were used the most to assess memory?

e What other scales were used the most in addition to
memory assessment?

e s Ketamine usage a contributive agent in memory
deterioration?

e Does the effect of Ketamine differ among genders?

e  What factors are mostly investigated with Ketamine
use and its effect on memory?

Findings

All the studies that were included in this systematic
review were based on the results of the inclusion and
exclusion criteria, and they were examined in detail based
on two aspects: characteristics of the studies and
qualitative synthesis. In this section of the study, the
findings will be analyzed in detail based on these two
aspects.

Characteristics of the studies
A total of 50 studies were analyzed by the year of
publication, and it was found that the publication years

ranged from 1983 to 2022. Research on this topic was
relatively limited during the late 1990s and early 2000s;
however, there was a significant surge in research by the
2010s, followed by a subsequent decline as of 2022, as can
be seen in Figure 1.

Studies were conducted using three different
methods: clinical, experimental, and scale. The clinical
method was the most used by 76%, followed by the
experimental method by 18%, and the scale method came
last with only 6% (Table 2). Most of the studies (80%) were
interventional design and 20% were observational design.
The universe sizes of the studies varied between nine and
1614 with an average of 104. 80% of the studies included
both genders. Among these studies, eight were conducted
only on male participants and six included only female
participants (Table 2).

Detailed information about the studies, such as route
and dose of Ketamine, memory, and other
measurements, and the main findings are given in detail
in Table 4. The studies were examined in detail for the
application route of Ketamine, and it was found that most
studies (72%) have used the intravenous method.
Ketamine was not always applied alone; most of the time,
it was combined with other drugs including Methadone
and Morphine as opioids/analgesics, Propofol and
Midazolam as anesthetics and sedatives/hypnotics,
Haloperidol as Antipsychotics, and other drugs such as
Saline and Methamphetamine (Table 2). It was found that
increasing Ketamine doses leads to temporarily impaired
cognitive functions (22-24). However, despite this
variability, studies suggest that Ketamine, even at
relatively low doses, can adversely affect cognitive
functions (22, 23, 25-47).

It was also found that 59 different memory scales were
used, and the most used was the MATRICS Consensus
Cognitive Battery (n=8), followed by the Cogstate Brief
Battery (n=6) (Attachment 2). 28% of the scales used were
for working memory assessment and 20% were for
general memory assessment. Other scales were also used
to assist other parts of the memory, such as verbal, visual,
and autobiographical memory (Table 3). In addition to
scales for memory assessment, other scales were used in
line with the specific purposes of the studies, such as the
Montgomery—Asberg Depression Rating Scale (n=13),
Brief Psychiatric Rating Scale (n=8), Clinician-Administered
Dissociative States Scale (n=7) and Hamilton Depression
Rating Scale (n=7) (Attachment 3). Most of the scales
(66%) used were for mental health assessment followed
by cognitive assessment (%13) and addiction assessment
(5%) (Table 3).
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Figure 1. Distribution of studies by years

Table 2. Descriptive Findings of the Studies

14

2020s

Variable Frequency (n) Percentage (%)
Clinical 38 76
Study Method Experimental 9 18
Scale 3 6
. Interventional 40 80
Study Design Observational 10 20
Only Female 3 6
Only Male 4 8
Sample Gender Al 0 80
N/A 3 6
Intravenous 36 72
Nasal 2 20
Ketamine Route Oral 1 4
Oral or nasal airway insertion 1 2
N/A 10 2
Anesthetics and Sedatives/Hypnotics 9 18
Opioids/Analgesics 5 10
Other Drugs Antipsychotics 1 2
Other 15 30
N/A 20 40
Table 3. The Type of Memory Scales Used in the Studies
Frequency Percentage
(n) %
The Types of Memory Scales
Working Memory Assessment 24 28
General Memory Assessment 17 20
Verbal Memory Assessment 12 14
Visual Memory Assessment 7 8
Autobiographical Memory Assessment 5 6
Other Memory Assessments 20 24
The Types of Other Scales
Mental Health Assessment 84 66
Cognitive Assessment 17 13
Addiction Assessment 6 5
Personality Assessment 5 4
Psychomotor Assessment 5 4
Functioning Assessment 5 4
Diagnostic Assessment Tools 2 2
N/A 3 2
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Table 4. Ketamine Findings Of The Included Studies

Study Route and Oth.er drugs Memory Measurements Other Measurements Main Finding
Dose (if any)
The study found that ketamine treatment
Hopkins Verbal Learning Test-Revised (HVLT-R-DR) .Cl.inical Anxiety Scalg (CAS) dic! not offer any clogniti.ve or efficacy
Controlled Oral Word Association Test (COWAT) Fllnlcal G.Iob.al Im;?re55|on (CGI) beneflt§ compared VYIth saline t.reatment. A
Intravenous . . . ; Brief Psychiatric Rating Scale (BPRS) minority of patients experienced
(48) Saline Autobiographical Memory Interview — Short Form (AMI-SF) . . . .
0.5 mg/kg . . . Quick Inventory of Depressive psychological effects related to ketamine
Medical College of Georgia Complex Figure Test (MCGCFT) .
Self-reported Global Self Evaluation of Memory (GSE-My) Symptomatology— Self_ Report (QIDS-SR) uppn awakening from ECT, but overall, no
EuroQol 3-level version (EQ-5D-3L) serious safety or tolerability problems were
observed.
At the 40 mg dose, a significant reduction in
Intravenous - .
(32) 20 and 40 N/A Picture-encoding/recognition paradigm Bond and Lader visual analog scale recoganlon plctur.e recall p.erformance
me/70 ke/h characterized .by an increase in the number
of misses was observed.
Groton Maze Learning Test
One-back test This study found that repeated ketamine
Two-back test infusions did not result in a significant
(49) N/A N/A International Shopping List Task Clinician-administered PTSD Scale (CAPS- decline in any measures of cognition. In
0.5 mg/kg Continuous Paired Associative Learning V) contrast, there was a notable improvement
One Card Learning Test in working memory after the completion of
Groton Maze learning delayed the infusion series.
International shopping list delayed
N/A The study found that female ketamine
(25) N/A N/A Authors’ own questionnaire Pelvic pain and urgency/frequency (PUF) offenders were more likely to develop
severe cognitive impairment than males.
Beck Scale for Suicide Ideation (SSl)-part | .
Intravenous . Hamilton Depression Ratiné SCLIZ The study found that k.eta!n.qlne as.an NMDA
(50) 0.5 ma/ke N/A MATRICS Consensus Cognitive Battery (MCCB) adapted from the 17-item HAMD recept.or antagonls.t 5|gn|.f|cantly. improves
Global Assessment Scale (GAS) working memory in patients with MDD.
The study found that ketamine-associated
persistent psychosis patients had more
severe symptoms than non-psychotic
ketamine users. Both ketamine-associated
Nasal persistent psychosis and schizophrenia
(26) 38+27g/ N/A Cogstate Brief Battery Positive and Negative Syndrome Scale patients had similar levels of cognitive
day impairment, worse than non-psychotic
ketamine users, but not significantly
different from each other after adjusting for
demographic characteristics and
antipsychotic dose.
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Intravenous

Positive and Negative Syndrome Scale
(PANSS)

The study found that ketamine can disrupt
the ability to direct and sustain attention,
response inhibition, working memory,
verbal fluency, executive function, serial

27 N/A IntegN batt Clinician-administered Di iati L .
27) 0.23 mg/kg / nteghieuro battery inician-administered Bissociative processing, immediate and delayed free
Symptoms Scale (CADSS) .
. verbal recall, speed of processing,
Visual Analog Scale (VAS) . . .
reasoning, problem-solving, and emotion
recognition.
Hamilton Depression Rating Scale (HDRS)
Beck Depression Inventory (BDI) The study found that subjects reported
(51) Intravenous N/A Autobiographical Memory Interview — Short Form (AMI-SF) Brief Psychiatric Rating Scale slight improvements or little change,
0.5 mg/kg Autobiographical Fluency Task (AFT) Visual analog scales (VAS) suggesting that ketamine was not
Structured Clinical Interview for DSM-IV associated with memory impairment.
Antidepressant treatment history form
The study found that even at higher doses,
Intravenous Positive and Negative Svndrome Scale the effects of ketamine on perception,
(29) 0.23 mg/kg— Saline The spatial WM task & v attention, working memory impairments,
(PANSS) . .
0.58mg/kg/h and declarative memory are relatively
subtle.
The study found that memory impairment
Intravenous . . was the most frequently reported long-
4 N/A Authors’ N/A
(40) 34¢g/d / uthors’ own questionnaire / term symptom by inpatients with ketamine
dependence.
Intravenous . . . Hamilton Depression Rating Scale (HDRS) The study found that memory impairment
Cambridge Automated Neuropsychological Test Battery Spatial . . was the most frequently reported long-
(30) upto 2 Propofol .. Montgomery—Asberg Depression Rating s .
Recognition Memory task (CANTAB SRM) term symptom by individuals with
mg/kg Scale (MADRS) .
ketamine dependence.
The study found that the incidence of
memory loss after emergency department
| I
Ora _or nasa procedural sedation and analgesia (ED PSA)
alrway involving premixed ketamine-propofol (KP)
(31) insertion Propofol Authors’ own questionnaire Wisconsin Sedation Scale (WSS) . e
administered sequentially is infrequent.
0.5-0.74 . . . .
me/kg This outcome is associated with moderate
& sedation levels and propofol doses less than
0.75 mg/kg.
The study found a modest association
between reduced psychomotor speed and
accuracy and the concentrations of
Intravenous Dexmedeto Cambridge Neuropsychological Test ketamine, norketamine, and
23 0.3-0.15 - Cambridge N hological Test Aut ted Batt CANTAB L ’ -
(23) me/kg midine ambridge Neuropsychological Test Automated Battery ( ) Automated Battery (CANTAB) Dexmedetomidine in the blood. In addition,

a negative correlation was found between
the blood concentrations of ketamine,
norketamine, and Dexmedetomidine and
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performance on memory tasks. Notably,
concurrent administration of ketamine with
Dexmedetomidine but not with fentanyl
results in synergistic effects on
psychomotor performance and memory,
while avoiding executive dysfunction.

(22)

Intravenous

8 mg/kg/h

Norketamine

Visuospatial working memory (SWM)

Visual Analogue Scale (VAS)
Reaction/movement time (RTI)
Stockings of Cambridge (SOC)

The study found that increasing doses of
ketamine temporarily impaired higher-
order cognitive functions, including
visuospatial working memory and spatial
planning.

(24)

Intravenous
250-300

ug/dl

N/A

Wechsler Memory Scale-Third Edition (WMS-III)
Hopkins Verbal Learning Test (HVLT)

Beck Depression Inventory-II (BDI-I1)
State Trait Anxiety Inventory
Minnesota Multiphasic Personality
Inventory-2 (MMPI-2)

McGill Pain Questionnaire
Wechsler Adult Intelligence Scale-Ill)
Connors’ Continuous Performance Test
(CPT)

This study found that deep ketamine
infusion may not have a negative impact on
cognitive function with prolonged
treatment.

(34)

Intravenous
0.25 mg/kg

Nimodipine

Hopkins Verbal Learning Test (HVLT)

Brief Psychiatric Rating Scale (BPRS)
Dissociative States Scale (CADSS)
Biphasic Alcohol Effects Scale (BAES)
Comparable Volume of the Ethanol Scale

The study found that both ketamine and
nimodipine have additive effects on recall
that were independent of the presence of
cues intended to enhance memory
retrieval, suggesting that each drug
influenced memory encoding rather than
memory retrieval.

(52)

Intravenous
0.5 mg/kg

N/A

Consensus Cognitive Battery (MCCB)

Montgomery—Asberg Depression Rating
Scale (MADRS)
Hamilton Anxiety Rating Scale (HAMA)

The study found that ketamine is harmful
to neurocognition in chronic users and
decreased performance on pattern
recognition memory tasks and spatial
working memory tasks. Furthermore,
chronic ketamine users also suffer from
deficits in verbal learning, visual learning,
selective attention, and verbal fluency.

(38)

N/A
1mg/kg

Etomidate

Folstein Mini-Mental State Examination

Montgomery— Asberg Depression Scale

The study found that the effect of ECT on
memory is mediated by glutamate at N-
methyl-D-aspartate receptors, suggesting
that N-methyl-D-astarte antagonists may
offer protection from memory dysfunction
during ECT.

(39)

Intravenous
0.5 mg/kg

Lamotrigine

MATRICS Consensus Cognitive Battery (MCCB)

Montgomery—Asberg Depression Rating
Scale (MADRS)
Psychiatric Rating Scale (BPRS)

The study found that subjects who showed
significant clinical response to ketamine
within a 24-h period had more severe
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Clinician-Administered Dissociative States
Scale (CADSS)

neurocognitive impairments, specifically on
tasks that require information processing
and working memory.

German Hamburg— Wechsler Intelligence Scale

The study found that ketamine isomers
induce less tiredness and cognitive

Int Equianalgesi . L Freiburg P lity | t . . . .
(41) ntravenous quianalgest Immediate digital recall ke .ersona N r?ven ory impairment and cause fewer declines in
1.0 mg/kg C . Intelligence Quotient . . -
Anterograde Amnesia concentration capacity and primary
memory.
Mont; — Asberg D ion Rati
ontgomery SSi;?e epression Rating The study found that repeated ketamine
California Verbal Learning Test short form (CVLT-II) . . treatment had no negative cognitive side
) Quick Inventory of Depressive o .
Intravenous . Rey Complex Figure Test effects, especially in the short term, adding
(53) Saline . . . . Symptomatology Self Report (QIDS-SR) . . .
0.5 mg/kg Columbia Autobiographical Memory Interview Short Form (AMI- . L to the growing body of evidence supporting
SF) Mini Mental State Examination the safety of ketamine and its impact on
Trail Making Test Parts A and B yco nitive outcomes P
Stroop Color and Word Test g )
Hamilton D ion Rating Scale (HDRS
Wechsler Adult Intelligence Scale amitton epre.55|on 2 mg cale ( ) The study found that subjects who used
Intravenous . . . Benton visual retention test .
(42) Thiopental Rey auditory verbal learning test (RAVLT) . . ketamine had worse results on some verbal
1-1.5mg/kg Trail making test
Verbal fluency test . . memory measurements.
Rey— Osterrieth complex figure test
Montgomery— Asberg Depression Rating | The study found that subjects showed great
Intravenous Scale (MADRS) symptomatic improvement and increased
N The N-back task
(54) 0.5 mg/kg /A e N-back tas Hamilton Anxiety Rating Scale (HAM-A) working memory load within 4h of
Brief Psychiatric Rating Scale (BPRS) ketamine administration.
N/A The group receiving ketamine showed
(55) Psilocybin EEG/ERP Recording Altered State of Consciousness (ASC-R) significant improvements in verbal learning
10mg/kg
memory.
The study found that after the last
Intravenous Hamilton Depression Rating Scale (HDRS) ketamine infusion, there was a significant
(56) 0.5 mg/k N/A Cogstate Brief Battery Montgomery—Asberg Depression Rating improvement in the scores of visual
’ € Scale (MADRS) memory, simple working memory, and
complex working memory.
Ketami Ited in stabl i d
Brief Psychiatric Rating Scale (BPRS) etamine reSl.J . edins ? ejor.lmprove
s . N neurocognitive functioning in most
Clinician-Administered Dissociative States . .
domains. These findings suggest the
Intravenous . . Scale (CADSS) . .
(57) Midazolam Cogstate Brief Battery . . potential usefulness of complex working
0.5 mg/kg Young Mania Rating Scale (YMRS) . .
. . memory as a predictor of ketamine
Montgomery-Asberg Depression Rating treatment response and its positive effects
Scale (MADRS) P P
on neurocognition.
The study found that ketamine affects MDD
Intravenous . . . Montgomery-Asberg Depression Rating | symptoms differently. It also found that the
43 N/A Berlin Affective Word List (BAWL, . .
(43) 0.25 mg/kg / erlin Affective Word List ( ) Scale (MADRS) largest symptom reduction was in the

cognitive domain.
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Phosphodies Psychotomimetic States Inventory (PSI) The study found that ketamine can induce
Intravenous terase 10A A-X Continuous Performance Test (AX-CPT) V . - . . v changes in the BOLD signal in multiple
(58) S - - Columbia Suicide Severity Rating Scale (C- . . . .
0.12 mg/kg inhibitor CNS Vital Signs Cognitive Battery regions of the brain during the resting state
SSRS) .
(TAK-063) and working memory task.
CAS (Chinese Affect Scale)
CES-D (Catchment-Area Epidemiology The study found that ketamine users did
Survey-Depression) not show deficits in decision-making but
N/A Raven’s Progressive Matrices Test exhibited strong impulsivity, antisocial
(46) 2.06 mg/kg Methadone The two-back task Minnesota Multiphasic Personality personality, and poor response inhibition
Inventory-2 and working memory at levels similar to
Barratt’s Impulsivity Scale Version 11 those of methadone users.
The lowa Gambling Task (IGT)
Wechsler Memory Scale-Third Edition (WMS-1i) Be.ck Depr.essmn Inven.tory (BDI) The study found th.a'F kejcamlr}e users
N/A . . Hospital Anxiety Depression (HADSA) suffered from cognitive impairments,
(47) N/A Rey- Osterrieth Complex Figure (ROCF) L A - . .
N/A ’ . . Structured Clinical Interview for DSM-IV including verbal/visual memory and
Wisconsin card sorting test (WCST) . . .
Severity of Dependence Scale (SDS) executive function.
. . The study found that working memory and
(59) Intravenous N/A Consensus Cognitive Battery MATRICS Montgomery-Asberg Depression Rating visual learning did not show significant
0.5mg/kg Scale (MADRS) . . .
improvement with ketamine treatment.
Sheehan Disability Scalle (S.DS) The study found that working memory and
Intravenous - Global Assessment of Functioning (GAF) . . . L
(60) N/A Consensus Cognitive Battery MATRICS . . visual learning did not show significant
0.5mg/kg Montgomery—Asberg Depression Rating imorovement with ketamine treatment
Scale (MADRS) P :
Wechsler Adult Intelligence Scale-Third Edition (WAIS-III)
Intravenous Letter—-number sequencing Monteomerv—Asbere Depression Ratin The study found no significant
(61) 0.5 ma/ke N/A Wechsler Memory Scale-Third Edition (WMS-III) & yScaIe (IV?ADRpS) g improvement in working memory or visual
’ Brief Visuospatial Memory Test-Revised learning after six infusions of ketamine.
Hopkins Verbal Learning Test-Revised (HVLT-R)
The study found that neurocognitive
function did not deteriorate after six
Intravenous . . Hamilton Depression Rating Scale ketamine infusions, whereas verbal
(62) 0.5 mg/kg Saline Consensus Cognitive Battery (MCCB) (HAMD-17) learning and speed of processing improved
over 13 and 26 days of observation,
respectively.
The study found that ketamine anesthesia
Intravenous - L Hamilton Depression Rating Scale (KP) had a lower incidence of cognitive
(63) 0.3 mg/kg Propofol Mini-Mental State Examination (MMSE) (HAMD-24) function impairment than the propofol
anesthesia group (P).
N/A Morphine Mini-Mental State Examination (MMSE) ] The St.Udy found that' k.etamme did not
(64) . o Visual Analogue Scale (VAS) modify mood, cognitive, or memory
0.5 mg/kg Metoprofen Digital symbol substitution test -
functioning.
(65) Intravenous Saline Working memory task and go/no-go task Hamilton Depression Rating Scale (HDRS) The study found that a 0.5 mg/kg dose of

ketamine infusion can be slightly beneficial
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0.2 mg/kg or for the cognitive function of patients with
0.5 mg/kg treatment resistance disorder (TRD).
Conners’ Continuous Performance Test
N/A (CPT) The study found that the experience of
(66) N/A N/A Brief Assessment of Cognition in Schizophrenia (BACS) Wisconsin Card Sorting Test (WCST) ketamine use was not linked to verbal and
lowa Gambling Task (IGT) working memory.
The Barratt Impulsiveness Scale (BIS)
Intravenous
0.23 mg/kg
bolus over 1 . .
min followed Positive and Negative Symptom Scale The study found that ketamine can
fMRI (PANSS) L . . .
(28) by 0.58 PF-04958242 . . - . . e significantly increase the reaction time
Hopkins Verbal Learning Test (HVLT) Clinician-Administered Dissociative States : . .
mg/kg/h during the spatial working memory task.
Scale (CADSS)
constant
infusion for
~45 minutes
Intravenous . Hamilton Depression Rating Scale (HDRS) The study found that ketamine did not
(67) 0.5 mg/kg N/A Cogstate Brief Battery Beck Depression Inventory-II (BDI-I1) affect working memory performance.
Hamilton Depression Rating Scale (HDRS)
Suicidal Idea (SSI)
Beck Depression Inventory (BDI)
Profile of mood states (POMS)
Young Mania Rating Scale (YMRS) .
> There was a correlation between memory
Intravenous . _ Systematic Assessment for Treatment of . .
(68) Midazolam Neurocognitive battery . improvement after ketamine
0.5 mg/kg Emergent Events-General Inquiry administration
(SAFTEE) '
Clinician-Administered Dissociative States
Scale (CADSS)
Brief Psychiatric Rating Scale (BPRS)
Clinical Global Impression
The study found that patients in both the
N/A Neuroleptan . ’ ‘ . neurolept group (NLA group.) z?md I.<etan.1|ne
(33) . Patients’ self-report Authors’ own questionnaire group had suffered from difficulties with
100 ml/kg aesthesia .
memory and concentration after 3 months
of surgery.
Brief Psychiatric Rating Scale (BPRS) The study found that ketamine produced a
Clinician-Administered Dissociative States | delay-dependent impairment in word recall
(35) Intravenous Haloperidol Recall test Scale (CADSS) with no significant effect on immediate
0.26 mg/kg P Wisconsin Card Sorting Test (WCST) . . g . . .
Extrapyramidal Symptom Rating Scale recall and more prominent impairments of
Barnes Akathisia Scale post-distraction and delayed recall.
(36) Intravenous Saline Clinician-Administered Dissociative States Scale (CADSS) Montgomery— Asberg Depression Rating The study found that after 4 h of ketamine
50 mg/kg Systematic Assessment for Treatment of Emergent Effects Scale (MADRS) infusion, patients felt strange or unreal, had
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Quick Inventory of Depressive
Symptomatology Self Report (QIDS-SR)
Hamilton Anxiety Rating Scale (HAM-A)
Brief Psychiatric Rating Scale — Positive

subscale (BPRS+)
Young Mania Rating Scale (YMRS)

poor memory, and had weakness or
fatigue.

Testeldentical Pairs (CPT-IP)

. Digit Memory Task .
(37) Oral D-serine Rey Auditory Verbal Learning Test (RAVLT) Visual Analogue Scale (VAS) The study found _that ketamine led to worse
N/A (DSR) performance in verbal memory tasks.
Category Fluency Test
Benton Visual Retention Test (BVRT)
Intravenous . .. Montgomery—Asberg Depression Rating The study found that ketamine had no
(69) 0.5 mg/kg Midazolam MATRIC Consensus Cognitive Battery (MCCB) Scale (MADRS) specific effect on cognitive performance.
Montgomery— Asberg Depression Rating
Scale (MADRS)
Clinical Global Impression-Severity (CGI-
S) The study found that there was a slight
Patient Health Questionnaire 9-ltem improvement in function (visual, verbal,
Nasal spray . . . .
(70) 28mg, 56 N/A Cogstate Brief Battery (PHQ-9) and working memory, executive function)
me or 814 m Hopkins Verbal Learning Test-Revised (HVLT-R) Sheehan Disability Scale (SDS) in both treatment groups:
B g Columbia Suicide Severity Rating Scale (C- esketamine/antidepressant;
SSRS) antidepressant/placebo
Clinician-Administered Dissociative States
Scale (CADSS)
Brief Psychiatric Rating Scale (BPRS)
The study found that mixing ketamine with
propofol for sedation in colonoscopy led to
Intravenous . - .
(44) Propofol Cogstate Brief Battery N/A fewer complications such as respiratory
0.25 mg/kg . . )
depression and hypotension, but it also led
to more impairment in cognitive functions.
The study found that the ketamine group
performed worse than the METH group in
(45) m;ﬁ Met:;:Ezhe Brief Assessment of Cognition in Schizophrenia (BACS) N/A the domains of verbal memory, working
memory, attention and processing speed,
and composite battery scores.
The study found that six ketamine infusions
Intravenous Montgomery Asberg Depression Rating prlsgetsc;ii; :\Zr\?gri)?ﬁz;lr: itnhge ;?rii: \(:/];s
(71) 0.5 mg/kg N/A MATRICS Consensus Cognitive Battery (MCCB) Scale (MADRS) partly accounted for by the improvement in

Suicidal Idea (SSI)

the severity of depression symptoms over
time.
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Qualitative synthesis of studies

Qualitative synthesis of the 50 studies is reported on
the basis of their content. The studies directly examining
memory and ketamine use, which is the main focus of this
research, were examined and found that 13 studies (26%)
found ketamine enhanced memory functions,9-515%
57,62,63,6568,70.71 26 studies (52%) found it impairs the
memory, concluding that ketamine can cause a
deterioration in memory.?22325-47.52 These studies have
revealed the negative impact of ketamine on memory
functions. More specifically, we discussed the observed
decrease in recognition picture-recall performance at a
specific dosage.?®2%31:3% According to these studies,
ketamine negatively impacted a broad spectrum of
cognitive functions, including attention, response
inhibition, working memory, verbal fluency, executive
function, serial processing, and various aspects of memory
recall. These findings emphasize the negative influence of
ketamine on cognitive functions, warranting concern
regarding its potential impact on both short-term and
long-term memory function. Eleven studies (22%) found
that ketamine had no impact on memory.244853,58
61,67,69,72,73

Despite the majority of studies including both genders,
only two of them have investigated gender differences,
with one study finding that female ketamine users
displayed a higher likelihood of developing severe
cognitive impairment compared with their male
counterparts,”> and the other study displayed the
opposite, with male ketamine users appearing to be more
prone to suffer from memory-related problems compared
with their female counterparts.3! Some studies have
focused their investigation on one gender; four of these
studies included only male participants.323456:58 \While
one study reported a positive impact on memory,*® two
studies found that ketamine was a factor that
deteriorated memory among male participants.323* Three
other studies investigated only female participants.33°272
One study found no impact on memory,’? and two studies
found a negative impact.3352

There were various factors mostly investigated with
ketamine use and its effect on memory. Some studies
investigated the effect of ketamine on memory among
participants with depression or suicidal ideation (n=17).
These studies found an association between ketamine,
depression, suicidal ideation, and cognitive functions. 13
studies investigated the neurocognitive effects and
performance of ketamine use and found a complex interplay
between ketamine and neurocognitive functions.364%
53,56,57,50-62,65,67-70 \While ketamine may initially have acute
harmful effects on some cognitive domains in individuals
with major depressive disorder or PTSD, repeated ketamine
administration appears to reduce depressive symptoms and,
in turn, leads to an improvement in various cognitive
domains, including attention, working memory, verbal, and
visuospatial memory. The findings also underline the
potential benefits of ketamine in improving neurocognitive
function in individuals who suffer from treatment-resistant
depression, suggesting a mood-independent pro-cognitive

effect, particularly in processing speed. The observed
improvements in neurocognitive outcomes emphasize the
intricate relationship between ketamine, cognitive function,
and mental health outcomes.?22426283549,56,57.626973  Gjyx
studies applied Electroconvulsive Therapy (ECT) with
Ketamine and their results varied. While administering
Ketamine alongside ECT may lead to better antidepressant
efficacy than certain anesthetics, it can also lead to a
worsening in verbal memory. The impact of Ketamine on
cognitive functions during ECT remains inconclusive, with
some studies suggesting potential protective effects on
memory, especially compared with other anesthetics.
However, a randomized trial found no evidence of cognitive
or efficacy benefits from low-dose Ketamine adjunctive to
ECT for depression.30.3842:48,51,63

Discussion and Conclusion

This study was designed to review studies examining the
association between Ketamine and memory impairment.
Among the included studies, certain themes were discovered
from full-text readings, and those topics are written in italics
in the qualitative synthesis of the study section. After
analyzing the full texts of the included studies, it is important
to highlight some of their limitations.

Limitations

One of the most notable limitations of these studies is
the lack of long-term follow-up. Several studies have
investigated the cognitive impact of Ketamine on short-
term periods, neglecting to discuss its long-term
outcomes. Therefore, it is recommended that future
studies include extended follow-up periods to assess the
persistence of cognitive effects and potential risks
associated with prolonged ketamine use.

Another limitation of the study was the sample size
and characteristics. Most of the studies had a small
sample size, which may reduce the reliability and
generalizability of the findings, emphasizing the need for
larger cohorts in future studies. Studies also failed to
compare genders and racial and ethnic groups. Future
research should include participants with diverse
characteristics and backgrounds.

There were also some limitations based on the design of
the studies. Several studies did not have control groups,
which may prevent the ability to compare outcomes
between treatment and non-treatment conditions. In
addition, studies conducted with an open-label design are
susceptible to biases and placebo effects, potentially
influencing the interpretation of treatment outcomes.
Various other limitations such as specific population
restrictions, incomplete data, study termination, and lack of
examination of certain cognitive domains hinder the
comprehensiveness and reliability of the research findings,
indicating the need for improved study methodologies in
future investigations.

This study also has some limitations. As mentioned in
the Methods section, inclusion and exclusion criteria were
determined for the search strategy. One of the exclusion
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criteria was languages other than English; therefore,
studies published in other languages were excluded from
the review. In addition, only studies published in peer-
reviewed journals were included; thus, chapters,
conference papers, and dissertations were excluded.
There were some studies meeting the search criteria, but
the full text was inaccessible. While acknowledging these
limitations, the findings of this study offer valuable
insights poised to expand our current understanding of
Ketamine, shedding light on both its potential benefits
and associated side effects.

Conclusion

As a result of this study, it becomes evident that there
is an association between Ketamine and memory
deterioration; however, this relationship is challenging to
develop. The complexities of the included studies
necessitate a nuanced understanding of the correlation
between Ketamine and memory deterioration. In light of
these considerations, healthcare professionals and
researchers should approach the issue comprehensively.
Thus, it is recommended to include educational initiatives
and awareness campaigns to inform individuals,
particularly those at risk, about the potential
consequences of Ketamine use on memory function. In
addition, early detection and intervention strategies
among vulnerable populations should be prioritized.

Based on the results of this systematic review, future
studies should:

e Focus on longitudinal studies with qualitative
components to provide insights into the multifaceted
relationship between Ketamine and memory
deterioration.

e Examine the effects of various doses of ketamine,
particularly as an adjunctive anesthetic for ECT in
elderly patients, while balancing efficacy and safety.

e  Explore the neural mechanisms underlying the effects
of ketamine on suicidal ideation using neuroimaging
techniques and focus on functional outcomes,
particularly long-term functioning, in addition to
reductions in suicide.

e Include control groups, use techniques to assess brain
changes, and investigate the potential pro-cognitive
effects of Ketamine in larger studies, while ensuring
comprehensive evaluation of cognitive function.

e Focus on psychological risk factors for Ketamine use
and investigate cognitive problems specific to
Ketamine users.

These studies might provide a deeper understanding
of the factors influencing this association, which will help
develop more effective prevention and intervention
strategies.

Conflict of Interest: The author declares no conflict of
interest.
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ABSTRACT

Gastric cancer is a multifactorial heterogeneous disease involving various subgroups with different molecular
features and it is one of the leading causes of cancer deaths worldwide. Although dietary conditions (fried, fatty
and salty foods), tobacco and alcohol consumption, and some gastrointestinal infections are important in gastric
cancer, the development of the disease is complex. It is clear that tumor suppressor genes and proto-oncogenes
have a significant impact on the formation of gastric cancer. CDKN2A is a tumor suppressor gene that encodes
two different proteins, and methylation, deletion and other mutations of this gene are effective in both the
development and prognosis of gastric cancer. CDKN2A hypermethylation is common in gastric cancer related
with H. Pylori and EBV infections. A connection is often established between metastases of gastric cancer and
losses of this tumor suppressor gene (deletions). In this context, possible changes in the CDKN2A gene should
be taken into consideration as a biomarker in the treatment and follow-up of gastric cancer.

Keywords: Gastric cancer, tumor suppressor gene, CDKN2A, methylation, deletion
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OZET

Mide kanseri, farkli molekuler 6zelliklere sahip gesitli alt gruplari igeren multifaktoriyel, heterojen bir hastaliktir
ve diinya ¢apinda kanser dlimlerinin 6nde gelen nedenlerinden biridir. Gastrik kanserde beslenme kosullari
(kizarmig, yaglh ve tuzlu yiyecekler), tutiin ve alkol tiiketimi ve bazi gastrointestinal enfeksiyonlar 6nemli olmasina
ragmen hastaligin gelisimi karmagiktir. Tumor baskilayici genlerin ve proto-onkogenlerin mide kanserinin
olusumunda 6nemli bir etkiye sahip oldugu agiktir. CDKN2A, iki farkl proteini kodlayan timor supresoér bir gendir
ve bu genin metilasyonu, delesyonu ve diger mutasyonlari mide kanserinin hem gelisiminde hem de
prognozunda etkilidir. CDKN2A hipermetilasyonu, H. Pylori ve EBV enfeksiyonlariyla iligkili mide kanserinde
yaygindir. Mide kanserinin metastazlari ile bu timor baskilayici genin kayiplari (delesyonlar) arasinda siklikla bir
baglanti kurulmaktadir. Bu baglamda, mide kanserinin tedavi ve takibinde biyobelirte¢ olarak CDKN2A genindeki
olasi degisiklikler gz 6niine alinmalidir.

Anahtar Kelimeler: Mide kanseri, timor supresor gen, CDKN2A, metilasyon, delesyon
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Introduction

Gastric cancer (GC), a heterogeneous disease with
sophisticated pathogenesis and regional variability, is one of
the most common causes of cancer-related deaths
worldwide.! GC patients are often diagnosed late and most
of them are in an advanced stage at the time of diagnosis.?
Some conditions such as high salt intake, smoking and
alcohol consumption, Helicobacter pylori (H. pylori) infection
are among the risk factors.3 Pathologically, adenocarcinomas
constitute more than 95% of the malignancies in the
stomach, and the remaining rare neoplasms are lymphomas,
sarcomas etc.* Gastric cancers can be classified as sporadic
GC (majority of GC, usually over 45 years of age), early-onset
GC (about 10%, predominance of genetic factors), gastric
stump cancer (after gastrectomy), and hereditary diffuse GC
(1-3% of all GCs).> These cancers are actually classified
histologically as intestinal and diffuse (Lauren classification)
or papillary, tubular, mucinous, and poorly cohesive (WHO
classification).® Depending on the location of the tumor, it
can also be grouped as cardial and distal.”

Etiology of Gastric Cancer

Environmental factors such as H. pylori infection, dietary
conditions and lifestyle are often involved in the intestinal
type of gastric cancer, however genetic abnormalities are
more blamed in the diffuse type.® Intestinal type gastric
cancer may occur with H. pylori infection accompanied by
intestinal metaplasia and atrophy, but the diffuse type is
usually caused by pangastritis, in which atrophy is not
observed.? Smoking and excessive alcohol consumption have
a significant importance in the development of gastric
cancer. The presence of bacteria or viruses is clear in the
etiology of gastric adenocarcinomas. While a significant
portion of GC cases are associated with H. pylori, about 10%
may result from Epstein Barr Virus infection.® Although most
gastric cancers occur sporadically, approximately 5-10% of
cases may be familial, such as hereditary diffuse gastric
cancer, familial intestinal gastric cancer, etc.!* Autoimmunity
is also somehow related to gastric carcinogenesis, and
diseases with an autoimmune basis, such as systemic lupus
erythematosus, pernicious anemia, and type 1 diabetes, may
be associated with the risk of GC.12

Genetics of Gastric Cancer

Cancer is a genetic disorder that involves alterations in
tumor suppressor genes and protooncogenes and these
genes significantly contribute to the development of
malignancy through loss or gain of function.’* Genetic
changes that lead to cancer may arise from errors in DNA
replication and cell division, epigenetic disorders, poor
dietary conditions and DNA damage caused by harmful
elements including cigarette and ultraviolet, or the problem
may emerge through germline mutations from parents.
Although gastric cancer is a common malignancy in the
world, its molecular characteristics are not yet fully
understood. In fact, genetic, epigenetic and environmental
elements act collectively and are effective in the formation
and progression of the disease in gastric cancer.’ GC, which

is closely related to some genetic alterations, usually
develops on the basis of activation in proto-oncogenes
and/or inactivation in tumor suppressor genes.'® Genes such
as KRAS, PIK3CA, EGFR, ERBB3-4 with oncogenic activity and
p53, CDKN2A, CDH1 with tumor suppressor activity are often
mutated in various cancers, including gastric cancer.Y
Mahmud et al. emphasized that some HLA gene
polymorphisms may be positively or negatively associated
with the progression and mortality of H. pylori-related GC in
certain populations.!8

Tumor Suppressor Genes and CDKN2A Gene

Tumor suppressor genes (TSGs) regulate cell division by
inhibiting cell proliferation. These genes also may promote
apoptosis or may contribute to DNA repair. Some of the
relevant genes can perform all of these functions. Therefore,
TSGs have a significant effect in preventing cancer
development. Tumor suppressor genes are in balance with
proto-oncogenes in the organism in terms of the cell cycle and
various signaling pathways. Proto-oncogenes have a dominant
nature and mutation of a single allele may be sufficient for the
development of cancer. However, TSGs have a recessive
nature and both alleles must mutate for loss of function (two
hit hypothesis). Loss-of-function mutations in TSGs may lead to
cancer formation or progression of existing cancer.® Various
tumor suppressor genes with different functions are found in
humans, such as Rb1, p53, CDKN2A, PTEN, VHL, APC, NF1, NF2,
BRCA1 and BRCA2. These genes undergo mutation,
methylation or deletion in many cancers.

There are two major TSGs called CDKN2A and CDKN2B
located on the short arm of chromosome 9 (9p21.3). CDKN2A
is one of the most frequently inactivated TSGs, and its
inactivation plays an important role in various common
malignancies.?® On this basis, it is also possible to encounter
CDKN2A gene mutations, deletions and methylations in
gastric cancer. Methylation is an epigenetic condition that
leads to gene silencing. In a study by Xu et al., it has been
noted that the hypermethylation of CDKN2A gene was
significantly higher in GC than in non-tumor tissues.?! On the
other hand, somatic mutations of CDKN2A have been found
to occur frequently in HPV-negative vulvar squamous cell
carcinomas.?? The CDKN2A gene encodes two distinct tumor
suppressor proteins called p16™¢2 and p14ARF. Although
these two proteins carry a different first exon in their
structure (exon 1a & exon 1B), exons 2 and 3 are identical.?
p16 blocks cell cycle progression by inhibiting two cyclin-
dependent kinases (CDK4, CDK6) during the G1 to S transition
in the cell cycle.?* While MDM?2 inhibits p53 by inducing its
degradation via the proteasome, p14*% prevents MDM2-
mediated disruption of p53 by sequestering MDM2 and thus
blocking MDM2-p53 interaction.® In the context of p53
protection, it is necessary to acknowledge that p14*% is a
tumor suppressor protein. Indeed, promoter methylation of
p14°RF has been identified in a wide variety of human
cancers, including gastric, colorectal, and prostate
carcinomas.?® The gene named CDKN2B encodes p15'N* and
Tu et al. state that inactivation of this tumor suppressor has
a critical importance in pancreatic tumorigenesis.?’ Since
CDKN2A and CDKN2B are located adjacently on the same
region, co-deletions of CDKN2A and B may occur in various
cancers.?®
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Epstein—Barr virus-associated gastric cancer (EBVaGC),
a common malignancy related to EBV infection, display
promoter hypermethylation of the CDKN2A gene.?® Once
viral DNA reaches a cell, it can be deactivated by
methylation that also disrupts surrounding host DNA. This
effect can be emerge even at the genomic level and lead
to inactivation of tumor suppressor genes.3° CDKN2A gene
promoter methylation and pl16 protein loss are much
higher in gastric cancers with EBV than in tumors without
EBV.31 As a result, it has been shown that there is a close
relationship between EBV and hypermethylation of the
CDKN2A gene, and it has been reported that some of the
gastric cancers contain EBV in the cancer cells.3? In a study
by Alves et al, inactivation of CDKN2A by promoter
methylation in the DNA obtained from H. pylori positive
gastric cancer samples was an important finding,
especially in the diffuse subtype.!®> Intestinal metaplasia is
accepted as a premalignant lesion of the gastric mucosa
and most of the methylation sites in this condition,
including CDKN2A, have also been shown to be
hypermethylated in intestinal type GC.33

Deletions of CDKN2A

The loss of tumor suppressor genes plays an important
role in the etiopathogenesis of cancers. In this context,
CDKN2A gene deletions are frequently encountered in
various malignancies. Homozygous deletion of CDKN2A
can be seen in a significant proportion of diffuse pleural
mesotheliomas via fluorescence in situ hybridization34 and
patients with this deletion have a worse survival
compared to cases without this abnormality.3> Similarly, a
high frequency of homozygous deletions in the CDKN2A
gene has been reported for anaplastic meningiomas.3¢
Some studies suggest that homozygous deletion of
CDKN2A in glioblastoma indicates a worse prognosis and
these cases may profit from high doses of radiation.3” In a
study of Bosoteanu et al., homozygous deletion or
monosomy of CDKN2A was detected in most cases of
multiple primary melanoma and/or familial cutaneous
melanoma.3® Since CDKN2A is disabled in a remarkable
proportion of melanomas (40-70%), treatments targeting
CDKN2A loss provide a significant advantage for the
intervention in melanoma.3® CDKN2A deletions occur in
human cancers, including gastric cancer, with inactivation
of P16'NK4A and P144%F, and these deletions are frequently
encountered in the metastasis of GC.*® Homozygous
deletions of CDKN2A also increase angiogenesis.*!
Somatic copy number deletion (SCND) of CDKN2A has
been reported to be highly associated with hematogenous
metastasis of GCs and it has also been described that
CDKN2A deletion can inhibit the expression of P53 and
promote the phosphorylation of RB1.4

Although CDKN2A is a tumor suppressor gene, there
are also studies that express its position differently in
various cancers. For example, in a study by Zhu et al., the
expression of CDKN2A was upregulated in hepatocellular
carcinoma (HCC) tissues compared to non-tumor tissues,
and HCC patients with high CDKN2A expression were

shown to have poor survival.** Additionally, in a study by
Hosny et al., it was determined that p16 tumor suppressor
was overexpressed in almost all malignant ovarian germ
cell tumors.** On the other hand, since pl16 and Rb
(Retinoblastoma) genes are two major components of the
Rb pathway, it has been suggested that physiological
deactivation of pRB in G1 phase will result in increase of
pl6 expression, thus pRb-negative tumors may exhibit
high p16 expression.*> However, the mechanism and
genetic background of the upregulation or overexpression
mentioned in these studies, and even the association of
high CDKN2A expression with poor survival are not clear.
Indeed, Wang et al declare that p16'Nk42 mRNA expression
is significantly downregulated in GC tissues compared
with normal tissues?*® and Oue et al suggest that silencing
of CDKN2A by CpG hypermethylation is frequently seen in
intestinal type GC.33 Furthermore, cancers that develop on
a viral basis contain a methylation pattern associated with
downregulation of CDKN2A (p16), and EBV-positive
gastric tumors may develop with hypermethylation of the
CDKN2A promoter.*’” Additionally, loss of CDKN2A has
been declared as one of the most common somatic copy
number alterations in Chinese GC samples.*® Although
there is a decrease in overall survival in patients with
CDKN2A methylation, and therefore low CDKN2A
expression, larger studies and bioinformatic analyzes are
needed to determine the clinical and molecular
significance of CDKN2A hypermethylation clearly in GC.2!

In conclusion, it is possible to state that CDKN2A
mutations, deletions and methylation have a great
importance in gastric cancer cases, both in terms of
diagnosis and treatment and the course of the disease.
CDKN2A deletions are associated with poor prognosis in
gastric cancer and may even be responsible for gastric
cancer metastases. It can be declared that the
methylation profile of the CDKN2A gene is also effective
as well as CDKN2A losses in gastric cancers. In this context,
gastroenterologists, oncologists and medical geneticists
should be in cooperation in the diagnosis and follow-up of
gastric cancer cases.

References

1. BaiS, GuoJ, Zhang H. A meta-analysis of the clinicopathological
significance of the IncRNA MALAT1 in human gastric cancer.
Front Oncol. 2024;13:1257120.

2. Zheng HL, Wang FH, Zhang LK, Li P, Zheng CH, Chen QY, et al.
Trajectories of neutrophil to lymphocyte ratios during
neoadjuvant chemotherapy correlate with short- and long-term
outcomes in gastric cancer: a group-based trajectory analysis.
BMC Cancer. 2024;24(1):226.

3. Rocken C. J Predictive biomarkers in gastric cancer. Cancer Res
Clin Oncol. 2023;149(1):467-81.

4, Smith MG, Hold GL, Tahara E, El-Omar EM. Cellular and
molecular aspects of gastric cancer. World J Gastroenterol.
2006;12(19): 2979-90.

5. Sitarz R, Skierucha M, Mielko J, Offerhaus GJA, Maciejewski R,
PolkowskiWPGastriccancer: epidemiology, prevention, classific
ation, and treatment. Cancer Manag Res. 2018;10:239-48.

6. Chia NY, Tan P. Molecular classification of gastric cancer. Ann
Oncol. 2016;27(5):763-9.



Yildirim / CMJ, 2024;46(2): 99-103

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Correa P. Gastric cancer: overview. Gastroenterol Clin North
Am. 2013;42(2):211-7.

Hu B, El Hajj N, Sittler S, Lammert N, Barnes R, Meloni-Ehrig A.
Gastric cancer: Classification, histology and application of
molecular pathology. J Gastrointest Oncol. 2012;3(3):251-61.
Cheng XJ, Lin JC, Tu SP. Etiology and Prevention of Gastric
Cancer. Gastrointest Tumors. 2016; 3(1): 25-36.

Petryszyn P, Chapelle N, Matysiak-Budnik T. Gastric Cancer:
Where Are We Heading? Dig Dis. 2020;38(4):280-5.
Mukkamalla SKR, Recio-Boiles A, Babiker HM. Gastric Cancer.
StatPearls Publishing; 2023. PMID: 29083746 Books &
Documents.

HuiY, Tu G, Liu D, Zhang H, Gong X. Risk factors for gastric cancer:
A comprehensive analysis of observational studies. Front Public
Health. 2023;10:892468.

Zhu K, Liu Q, Zhou Y, Tao C, Zhao Z, Sun J, et al. Oncogenes and
tumor suppressor genes: comparative genomics and network
perspectives. BMC Genomics. 2015;16(Suppl 7):S8.

Zhu M, Zhu Z, Zhang N, Ma J, Huang N, He S, et al. Identification
of miRNA, IncRNA and circRNA associated with gastric cancer
metabolism through sequencing and bioinformatics analysis.
Pathol Res Pract. 2024;254:155151.

Alves MK, Ferrasi AC, Lima VP, Ferreira MV, de Moura Campos
Pardini MI, Rabenhorst SH. Inactivation of COX-2, HMLH1 and
CDKN2A gene by promoter methylation in gastric cancer:
relationship with histological subtype, tumor location and
Helicobacter pylori genotype. Pathobiology. 2011;78(5):266-76.
Zhang J, Qu W, Liu H, Qian C, Liu D, Wang H, et al.
Genomic alterations in gastric cancers discovered via whole-
exome sequencing. BMC Cancer. 2018;18(1):1270.

Shen Y, Shi K, Li D, Wang Q Wu K, Feng C.
Prognostic analysis of mutated genes and insight into effects of
DNA damage and repair on mutational strand asymmetries in
gastric cancer. Biochem Biophys Rep. 2023;37:101597.
Mahmud MT, Ahmed F, Rana MJ, Rahman MA, Atta A, Saif-Ur-
Rahman KM. Association of HLA gene polymorphisms with
Helicobacter pylori related gastric cancer-a systematic review.
HLA. 2024;103(2):e15394.

Wang LH, Wu CF, Rajasekaran N, Shin YK. Loss of Tumor
Suppressor Gene Function in Human Cancer: An Overview. Cell
Physiol Biochem. 2018;51(6):2647-93.

Tu Z, Wang X, Cai H, Sheng Y, Wu L, Huang K, et al.
The cell senescence regulator pl6is a promising cancer
prognostic and immune check-point inhibitor (ICl) therapy
biomarker. Aging (Albany NY). 2023;15(6):2136-57.

Xu J, Li N, Deng W, Luo S. Discovering the mechanism and
involvement of the methylation of cyclin-dependent kinase
inhibitor 2A (CDKN2A) gene and its special locus region in gastric
cancer. Bioengineered. 2021;12(1):1286-98.

Trietsch MD, Spaans VM, ter Haar NT, Osse EM, Peters AA,
Gaarenstroom KN, et al. CDKN2A(p16) and HRAS are frequently
mutated in vulvar squamous cell carcinoma. Gynecol Oncol.
2014;135(1):149-55.

Tang S, Luo H, Yu J, Yang D, Shu J. Relationship between
alterations of p16(INK4a) and p14(ARF) genes of CDKN2A locus
and gastric carcinogenesis. Chin Med J (Engl). 2003;116(7):1083-
7.

Li J, Poi MJ, Tsai MD. Regulatory mechanisms of tumor
suppressor P16(INK4A) and their relevance to cancer.
Biochemistry. 2011;50(25):5566-82.

Kowalczyk D, Nakasone MA, Smith BO, Huang DT.
Bivalent binding of p14ARF to MDM2 RING and acidic domains
inhibits  E3  ligase  function. Life Sci  Alliance.
2022;5(12):202201472.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Fontana R, Ranieri M, La Mantia G, Vivo M. Dual Role of the
Alternative Reading Frame ARF Protein in Cancer. Biomolecules.
2019;9(3):87.

Tu Q, Hao J, Zhou X, Yan L, Dai H, Sun B, et al. CDKN2B
deletion is essential for pancreatic cancer development instead
of unmeaningful co-deletion due to juxtaposition to CDKN2A.
Oncogene. 2018;37(1):128-38.

Jiang Y, Wu Y, Zhang L, Wang Y, Xu G, Deng Y, et al.
Loss of chromosome 9p21 is associated with a poor prognosisin
adenosquamous carcinoma of the pancreas. Precis Clin Med.
2023;6(4):pbad030.

Yang J, Liu Z, Zeng B, Hu G, Gan R. Epstein-Barr virus-associated
gastric cancer: A distinct subtype. Cancer Lett. 2020;495:191-9.
Geddert H, Zur Hausen A, Gabbert HE, Sarbia M. EBV-
infection in cardiac and non-

cardiac gastric adenocarcinomas is associated with promoter
methylation of p16, p14 and APC, but not hMLH1. Anal Cell
Pathol (Amst). 2010;33(3):143-9.

Vo QN, Geradts J, Gulley ML, Boudreau DA, Bravo JC, Schneider
BG. Epstein Barr virus in gastric adenocarcinomas: association
with ethnicity and CDKN2A promoter methylation. J Clin Pathol.
2002;55(9):669-75.

Kim TY, Jong HS, Jung Y, Kim TY, Kang GH, Bang YJ.
DNA hypermethylation in gastric cancer. Aliment Pharmacol
Ther. 2004;20 Suppl 1:131-42.

Oue N, Sentani K, Sakamoto N, Uraoka N, Yasui W. Molecular
carcinogenesis of gastric cancer: Lauren classification, mucin
phenotype expression, and cancer stem cells. Int J Clin Oncol.
2019;24(7):771-8.

Febres-Aldana CA, Chang JC, Jungbluth AA, Adusumilli PS, Bodd
FM, Frosina D, et al. Comparison of immunohistochemistry, next
generation sequencing and fluorescence in situ hybridization for
detection of MTAP loss in pleural mesothelioma. Mod Pathol.
2024;37(3):100420.

Marshall K, Jackson S, Jones J, Holme J, Lyons J, Barrett E, et al.
Homozygous deletion of CDKN2A in malignant mesothelioma:
Diagnostic utility, patient characteristics and survival in a
UK mesothelioma centre. Lung Cancer. 2020;150:195-200.
Sievers P, Hielscher T, Schrimpf D, Stichel D, Reuss DE, Berghoff
AS, et al. CDKN2A/B homozygous deletion is associated with
early recurrence in  meningiomas. Acta Neuropathol.
2020;140(3):409-13.

Tillmanns N, Lost J, Tabor J, VasandaniS, Vetsa S, Marianayagam
N, et al. Application of novel PACS-based informatics platform to
identify imaging-based predictors of CDKN2A allelic status in
glioblastomas. Sci Rep. 2023;13(1):22942.

Bosoteanu LA, Gheorghe E, Aschie M, Cozaru GC, Deacu M,
Orasanu Cl, et al. Immunophenotypic p14 and p16 correlations
with CDKN2A mutations in primary multiple and familial
melanoma: An observational study. Medicine (Baltimore).
2023;102(51):e36756.

Kreuger 1ZM, Slieker RC, van Groningen T, van Doorn R.
Therapeutic Strategies for Targeting CDKN2A Loss in Melanoma.
J Invest Dermatol. 2023;143(1):18-25.e1.

Tian Y, Zhou J, Qiao J, Liu Z, Gu L, Zhang B, et al.
Detection of somatic copy number deletion of the CDKNZ2A
gene by quantitative multiplex PCR for clinical practice. Front
Oncol. 2022;12:1038380.

Yuile A, Satgunaseelan L, Wei JQ, Rodriguez M, Back M, Pavlakis
N, et al. CDKN2A/B Homozygous Deletions in Astrocytomas: A
Literature Review. Curr Issues Mol Biol. 2023;45(7):5276-92.
Qiao J, Tian Y, Cheng X, Liu Z, Zhou J, Gu L, et al
CDKNZ2A Deletion Leadingto Hematogenous Metastasis of
Human Gastric Carcinoma. Front Oncol. 2021;11:801219.

Zhu J, Wang J, Liu H, Lei T, Yang J, Lan S, et al. Crosstalk of
cuproptosis-related prognostic signature and competing



Yildirim / CMJ, 2024;46(2): 99-103

44,

45.

endogenous RNAs regulation in hepatocellular carcinoma.
Aging (Albany NY). 2023;15(23):13901-19.

Hosny G, Ahmed OA, Ahmed RM, Fadel SA.
Expression of p16 Tumor SuppressorProtein in Malignant Ovari
an Germ Cell Tumors; Immunohistochemical Study. Int J Surg
Pathol. 2024;32(1):66-74.

Kishimoto 1, Mitomi H, Ohkura Y, Kanazawa H, Fukui N,
WatanabeM.Abnormalexpression of p16(INK4a), cyclin D1, cycl
in-dependent kinase 4 and retinoblastoma protein in gastric
carcinomas. J Surg Oncol. 2008;98(1):60-6.

46. Wang M, Zhao H, Chen W, Bie C, Yang J, Cai W, et al. The

SMAD2/miR-4256/HDAC5/ p16/NK% signaling axis contributes
to gastric cancer progression. Oncol Res. 2023;31(4):515-41.

47. Gulley ML. Genomic assays for Epstein-Barr virus-positive

gastric adenocarcinoma. Exp Mol Med. 2015;47(1):e134.

48.Cheng Y, Bu D, Zhang Q, Sun R, Lyle S, Zhao G, et al.

Genomic and transcriptomic profiling indicates the prognosis
significance of mutational signature for TMB-high subtype in
Chinese patients with gastric cancer. J Adv Res. 2023;51:121-34.



-
"

L,
w
M]

M e

| cmj.cumhuriyet.edu.tr |

CMJ.2024;46(2): 104-109
DOI: 10.7197/cm|.1432517

Cumhuriyet Medical Journal

Founded: 2004 Available online, ISSN:1305-0028 Publisher: Sivas Cumhuriyet Universitesi

Comparison of Dosimetry Results Before 90Y Microembolization Treatment with
99mTc MAA and After 90Y PET/CT Treatment

Oznur Tashyurt22*, Nami Yeyin2?, Mustafa Demir3<

"Health Physics PhD Program of Graduate Education Institute, istanbul University-Cerrahpasa, istanbul, Tiirkiye
2Clinic of Radiation Oncology, Kartal Dr.Liitfi Kirdar City Hospital, istanbul, Tiirkiye
3Department of Nuclear Medicine, istanbul University Cerrahpasa Faculty of Medicine, istanbul, Tiirkiye

*Corresponding author

Research Article

History

Received: 06/02/2024
Accepted: 02/04/2024

ABSTRACT

Radioembolization with Yttrium-90 (90Y) microspheres stands as an effective treatment option for liver tumors.
The suitability of a patient for this treatment is routinely determined through dosimetry based on Technetium-
99m Macro Aggregated Albumin (99mTc MAA) SPECT/CT images. This study aims to compare pre-treatment
(pre) dosimetry results with 99mTc MAA and post-treatment (post) dosimetry results after 90Y microsphere
therapy in patients seeking liver tumor treatment. Eleven patients undergoing liver tumor treatment were
randomly included in the study. In 99mTc-MAA dosimetry, the calculated treatment activity was 1.3-6.2 GBq
(mean 3.2+1.4), tumor dose was 125.1-527.5 Gy (mean 264.7+139.4), and liver dose was 19.4-38.8 Gy (mean
31.945.8). Post-dosimetry using PET/CT images after 90Y microsphere therapy revealed a tumor dose of 156.2-
480.4 Gy (mean 266.5+102.9) and a liver dose of 20.6-37.4 Gy (mean 29.1+5.2). The doses exhibited good
conformity for both tumor and normal liver tissue (p=0.85716 and p=0.53526, respectively). In conclusion,
PET/CT-based post-dosimetry with 90Y microspheres proved to be an effective method in determining liver
parenchymal tissue and tumor doses.

Keywords: 90Y microsphere therapy, dosimetry, 99mTc MAA, radionuclide therapy, 90Y microembolization
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Karaciger tumorleri tedavisinde Yitriyum 90 (°°Y) mikrokireler ile yapilan radyoembolizasyon etkili bir tedavi
secenegidir. Hastanin tedaviye uygunlugu rutinde ®*™Tc Makro Albiimin Agregat (MAA) SPECT/BT goruntileri
Uzerinden yapilan dozimetri ile belirlenir. Bu calismada, karaciger tiimér tedavisi igin bagvuran hastalarda *™Tc
MAA tedavi 6ncesi (pre) dozimetri sonuglari ile °°Y mikrokire tedavi sonrasi (post) dozimetri yapilarak
sonuglarinin karsilagtirilmasi amaglandi. Calismamiza karaciger tumor tedavisi igin bagvuran ve rastgele segilmis
11 hasta dahil edildi. ®*™Tc-MAA dozimetrisinde,**™Tc-MAA dozimetri ile hesaplanan tedavi aktivitesi 1.3-6.2 GBq
(ortalama 3.2+1.4), tumor dozu 125.1-527.5 Gy (ortalama 264.7+139.4) ve karaciger dozu 19.4-38.8 Gy (ortalama
31.945.8) bulundu. °°Y mikrokire tedavisinden sonra ¢ekilen PET/BT gorintilerinden yapilan dozimetride timér
dozu 156.2-480.4 Gy (ortalama 266.5+102.9), karaciger dozu 20.6-37.4 Gy (ortalama 29.1+5.2) bulundu. Dozlar,
tiimor ve normal karaciger dokusu icin iyi bir uyum gésterdi (p=0.85716 ve p=0.53526, sirasiyla). Sonugcta °°Y
mikrokureler ile PET/BT’ye dayanan post dozimetrinin karaciger parankim doku dozunu ve tiimér dozunu
belirlemede etkili bir yontem oldugu belirlendi.
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Introduction

The majority of patients diagnosed with hepatocellular
carcinoma (HCC) and secondary liver cancer are not eligible for
curative surgical resection, and systemic chemotherapy alone
rarely results in prolonged survival. Additionally, the excessive
sensitivity of liver parenchymal tissue to radiation limits the
achievement of desired doses in external radiotherapy. Hence,
liver tumors are often characterized as having a poor prognosis
in terms of radiotherapy. However, in contemporary medicine,
radioembolization techniques have been developed and
introduced into clinical practice as a novel treatment option.!

Radioembolization, also known as Yttrium-90 (90Y)
microsphere therapy, involves delivering microspheres labeled
with 90Y, emitting pure beta radiation, to the tumor
microcirculation via intra-arterial administration.?2  90Y
microsphere therapy is a form of brachytherapy, also referred
to as radioembolization, transarterial radioembolization
(TARE), or selective internal radiation therapy (SIRT). It
constitutes a targeted treatment for both primary and
secondary liver tumors.?

Yttrium-90 labeled microspheres, emitting pure B-
radiation, are delivered to liver tumors through
microcirculation in the hepatic arteries. Particles emitted by
the 90Y isotope, with a physical half-life of 2.67 days, have a
maximum energy of 2.27 MeV and an average energy of 0.93
MeV. Beta particles with 0.93 MeV energy penetrate up to 11
mm within the tissue. The physical half-life of 90Y is 64.1 hours,
with 94% of the radiation dose delivered within the first 11
days. Trapped within the tumor, 90Y-labeled microspheres
allow for radiation of the tumor while preserving healthy liver
tissue. Furthermore, the short distance covered minimizes the
need for post-treatment radiation protection measures. There
are two types of 90Y microspheres: resin microspheres with a
diameter of 20 to 60 mm and glass microspheres with a
diameter of 20-30 mm.*>

In patients with normal liver and kidney functions, pre-
dosimetry, known as hepatopulmonary angiography, is
performed with Technetium-99m Macro Aggregated Albumin
(99mTc-MAA) SPECT/CT before 90Y treatment to assess
vascular anatomy. This allows determination of the
hepatopulmonary shunt ratio and identification of any
extrahepatic leakage into the intestinal system. While
maximizing the radiation dose to the tumor, efforts are made
to ensure that the dose to the liver parenchyma outside the
tumor does not exceed 50-70 Gy. Additionally, by adjusting the
tumor dose if necessary, based on the identified lung shunt
ratio, efforts are made to keep the average lung dose below 35
Gy. Thus, pre-dosimetry allows for the estimation of the dose
delivered to the tumor and normal liver, enabling the
assessment of the optimal therapeutic 90Y activity.5”8
Through 99mTc-MAA dosimetry, the distribution of 90Y
microspheres in the liver and tumor can be predicted in
advance. In contrast, post-dosimetry reveals the actual
biodistribution of 90Y microspheres, aiding in the optimization
of treatment planning. For instance, post-treatment dosimetry
can be used to detect tumors that are being exposed to less
radiation than is ideal, hence highlighting the necessity of
additional  adjuvant  therapies or re-super-selective
radioembolization. Alternatively, if it is thought that the
previous treatment resulted in excessive radiation exposure,

post-treatment dosimetry can select high-risk individuals for
re-radioembolization. Lastly, in order to ascertain dose-
response and dose-toxicity connections, quantitative post-
treatment dosimetry data are essential.®

The aim of this study is to compare pre-dosimetry results
with 99mTc-Macro Aggregated Albumin (MAA) and post-
dosimetry results after Yttrium-90 (90Y) microsphere therapy
in patients seeking liver tumor treatment.

Materials and Methods

This retrospective study examined a total of 11 patients (5
males, 6 females) with metastatic or primary liver cancer who
underwent treatment with 90Y microspheres at the
Department of Nuclear Medicine, Istanbul University-
Cerrahpasa, Faculty of Medicine. Patients who had undergone
pre-treatment 99mTc-MAA scintigraphy and post-treatment
90Y PET/CT imaging were included in this study. This study has
been approved by the local Ethics Committee of Cerrahpasa
Faculty of Medicine, Istanbul University-Cerrahpasa, in
accordance with the Helsinki Declaration (No: 83045809-
604.01.02-). Informed consent has been obtained from all
participating patients.

As a pre-treatment exclusion criterion, patients with a
hepatopulmonary shunt ratio greater than 20% after the
administration of 99mTc-MAA were not included in this study.
The inclusion criterion involved patients with a
hepatopulmonary shunt ratio below 20% who were deemed
to benefit from 90Y microembolization therapy by the
clinician.

99mTc MAA Imaging

Following the administration of 99mTc-MAA, three-
dimensional (3D) SPECT/CT and two-dimensional (2D) whole-
body planar scintigraphy were performed using the Siemens
Simbia T16 model SPECT/CT imaging device. Images were
acquired using the triple energy window technique with a 140
keV and 20% window for the photopic energy of 99mTc
radionuclide to correct for scatter.

For pre-dosimetry, 185 MBq (5 mCi) of 99mTc-MAA was
administered in the interventional radiology department.
Whole-body (WB) scintigraphy was performed with clinical
protocol-compliant parameters of 256x1024 pixels, 15 cm/s
speed, 128x128 pixels, 32 frames, and 30 s/frame. Calculations
of dosimetry were carried out using the Simplicitooy™
software program. The Simplicit90Y™ software (Mirada
Medical LTD., Oxford, UK) determined the lung shunt ratio and
regions of interest (ROIs) for the liver, lungs, and any area of
interest in the body using 2D whole-body images.

For the 99mTc-MAA dosimetry, volumes of interest (VOIs)
were drawn for the entire liver, perfused tissue, tumor, and
any necrotic areas using SPECT/CT images. The prescribed
tumor dose was determined while keeping the entire liver
tolerance dose at a limit of 35 Gy. An average of 3.2+1.4 GBq
of 90Y was administered to patients based on the pre-
dosimetry obtained with 99mTc-MAA.

90Y PET/CT Imaging

90Y microsphere activities were administered to patients
in interventional radiology for radioembolization treatment.
After radioembolization, patients were admitted to the lead-
shielded nuclear medicine treatment room. The next day, 90Y
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PET/CT imaging was performed using the GE Discovery model
710 device.

Each bed position took 15 minutes to acquire (for a total of
30 minutes). To adjust for attenuation, a low-dose CT scan (120
kVp, 40 mAs) was acquired. With a 5 mm full-width at half-
maximum Gaussian filter, PET images were reconstructed
using standard Poisson ordered subset expectation
maximization, which included resolution recovery, time-of-
flight data, and adjustments for attenuation, randoms, and
scatter.

Dosimetry Calculations

Calculations of dosimetry were carried out using
personalized software, Simplicitd0Y™ (Mirada Medical LTD.,
Oxford, UK), utilizing three-dimensional volumetric data. The
dosimetry calculation process involved registering the images
obtained from patients (whole-body, SPECT/CT, or PET/CT),
segmenting SPECT or PET images, and determining the
dosimetry calculations of the defined areas of interest (VOIs).®
Since the Simplicit90Y™ program could not perform the
reconstruction of SPECT or PET images, digital imaging and
communication in medicine (DICOM) formatted reconstructed
image data were utilized.X In the 11 included patients, VOIs
were drawn for the entire liver, perfused area, and tumor
based on segmentation with SPECT/CT and PET/CT images.

Statistical Analysis: SPSS program was used for statistical
analysis, p<0.05 was considered significant. The Mann-
Whitney U test was employed to determine if there was a
statistically significant difference between the pre- and post-
treatment dosimetric results in this study.

Results

Patient data and dosimetric calculations following the
administration of 99mTc-MAA were evaluated using the
Simplicit90Y™ software based on scintigraphic images (Figure
1). From the 99mTc-MAA images, the liver volume ranged
from 928.3 to 3394.9 cm® (mean 1623+732), tumor volume
ranged from 70.9 to 592.8 cm?® (mean 339.4+227.4), the
calculated amount of 90Y activity ranged from 1.3 to 6.2 GBq
(mean 3.2+1.4), tumor dose ranged from 125.1 to 527.5 Gy
(mean 264.2+139.4), and liver parenchyma dose ranged from
19.4 to 38.8 Gy (mean 31.9+5.8) (Table 1).

Patient data post 90Y microsphere treatment was
evaluated through PET/CT images, and dosimetric calculations
were performed using the Simplicitd0Y™ software (Figure 2).
The tumor volumes ranged from 168.8 to 793.1 cm® (mean
405.6+232.8), 90Y tumor doses ranged from 156.2 to 480.4 Gy
(mean 266.5+102.9), and 90Y liver doses ranged from 20.6 to
37.4 Gy (mean 29.115.2) (Table 2).

Figure 1: Short-axis, coronal, and sagittal cross-sectional views of the tumor in the liver from left to right in a SPECT/CT image taken
after the administration of 99mTc-MAA in a patient. Yellow, blue, and red colors respectively indicate liver, lung, and tumor.

Figure 2: Short-axis, coronal, and sagittal cross-sectional views from left to right of PET/CT images taken after 90Y microsphere treatment,
showing tumors in the patient's liver. Yellow, blue, and red colors respectively indicate liver, lung, and tumor.
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Table 1: Liver and Tumor Volumes, and Doses Calculated from 99mTc-MAA Images

Liver Tumor 90Y Liver parenchyma dose
PatientNo Tumor dose (Gy)
volume(cm3) volume(cm3) activity(GBq) (Gy)
1 1824.3 165.2 3.7 129.7 36.3
2 2165.2 755.3 3.52 125.1 38.8
3 928.3 70.9 2.6 225.3 36.4
4 2221.4 592.8 3.4 186.2 29.6
5 1326.9 262.3 6.2 527.5 23.1
6 1340.1 466.4 3.2 143.6 32.1
7 1284.5 126.2 2.5 169.8 34.4
8 1196.3 300.1 13 3213 33.6
9 1050.9 557.4 3.2 235.1 19.4
10 1119.8 151.2 13 380.2 32.4
11 3394.9 175.3 4.3 462.1 34.9
MeantSD 16231732 339.4+227.4 3.2+1.4 264.2+139.4 31.9+5.8

Table 2: Dosimetric results calculated from PET/CT Images in patients treated with 90Y microspheres

Patient no Tumor volume (cm?3) %Y tumor dose (Gy) %Y liver dose (Gy)
1 202.4 222.6 37.4
2 793.1 196.2 28.2
3 196.2 201.5 29.4
4 659.3 190.8 22.5
5 202.2 480.4 24.2
6 639.4 213.8 34.7
7 3354 156.2 29.8
8 442.1 334.6 28.5
9 616.4 213.3 20.6

10 168.7 322.1 33
11 206.7 400.1 32.6
Mean+SD 405.61£232.8 266.5+102.9 29.1+5.2
50
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Figure 3: Correlation between pre-and post dosimetry results for the liver
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Figure 4: Correlation between pre-and post dosimetry results for tumor doses

The correlation of pre and post dosimetry results for
the liver is shown in Figure 3, and the correlation graph of
pre and post dosimetry results for tumor doses is shown
in Figure 4.

The evaluation of liver and tumor doses in pre and post
dosimetry was subjected to the Mann Whitney-U test. No
significant difference was found between 99mTc-MAA
and 90Y tumor doses (p=0.85716) for tumor doses.
Similarly, no significant difference was observed between
99mTc-MAA and 90Y liver doses (p=0.53526).

The limitations of this study

In this study, it is recommended to increase the
number of patients for the comparison of pre- and post-
dosimetry and to evaluate the comparison using
parametric tests. Additionally, due to the relatively small
number of patients and the patient-specific nature of
dosimetric calculations, heterogeneous distributions were
observed in liver and tumor doses.

Discussion

The significance of personalized dosimetry in nuclear
medicine for liver tumor radioisotope treatment is
increasing day by day. Currently, investigating the
differences or similarities between pre- and post-
dosimetry remains a subject of research. However, there
can be some variations between the calculated absorbed
doses through dosimetry. The main reasons for these
differences can be attributed to catheter differences,
microsphere structure, and the number and structure of
injected radioactive particles. Liver tumors can be
successfully treated with 90Y radioembolization. In this
study, pre-dosimetry with 99mTc-MAA SPECT/CT and
post-dosimetry with 90Y PET/CT were performed on 11
patients to determine tumor and liver doses.

When reviewing studies on tumor doses, Martin et al.,
in a study on 79 patient data, reported not only a

compatibility in terms of absorbed average doses but also
in dose distribution between 99mTc-MAA dosimetry and
90Y microsphere PET/CT dosimetry. However, it was
found that the doses absorbed by the tumor were 26%
higher in pre-dosimetry than in post-dosimetry. The
researchers found that the average absorbed doses of
healthy liver were 49.47 + 22.18 Gy and 54.53 + 19.78 Gy
for pre- and post-dosimetry, respectively. Overall, non-
tumor liver doses showed a stronger correlation with
tumor-free liver compared to the tumor, which was
explained by increased heterogeneity of the microsphere
within the target structure and a greater dose gradient in
the tissue of the tumor.! Knesaurek et al. determined that
the tumor doses of 16 patients were 234.72+172.54 Gy
and 314.07+197.02 Gy for 99m Tc-MAA SPECT/BT and 90
Y PET/BT, respectively. An average difference of 25% was
found for tumor dose, with a reported linear correlation
between tumor doses at the level of r=0.71. Additionally,
they demonstrated that the mean values of post-
dosimetry 90 Y PET/CT dose results were slightly higher
compared to pre-dosimetry values of 99m Tc-MAA
SPECT/BT. They suggested that these differences might
stem from variations in regions of interest (ROI), especially
when the catheter tips in 99m Tc-MAA and 90 Y studies
are positioned very similarly and away from major
bifurcation points. They noted the importance of this
situation, particularly for tumors smaller than 10 cm3. The
researchers also found that the normal liver doses were
42.02+22.36 Gy and 49.85+24.88 Gy for 99m Tc-MAA
SPECT/BT and 90 Y PET/BT, respectively, with a linear
correlation between the respective doses at r=0.86.% In
our study, no significant difference was found in tumor
doses between pre and post microsphere dosimetry
(p=0.85716). Additionally, consistent with the literature, a
strong correlation of R?=0.8913 was found among tumor
doses.

Yoo Sung Song et al. found a close correlation between
doses absorbed by the tumor in 99mTc-MAA SPECT/CT and
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90Y PET/CT dosimetry (r=0.64). However, the average tumor
doses in pre-dosimetry 99mTc-MAA SPECT/CT were
significantly lower than those in post-dosimetry 90Y PET/CT
(135.4+64.2 Gy vs. 185+87.8 Gy). According to these
researchers, the absorbed doses by the tumor and liver were
62.6+38.2 Gy and 45.2+32 Gy for 90Y PET/CT and 99mTc-MAA
SPECT/CT, respectively (p=0.02).%3 Kao et al. compared tumor
doses obtained from 99m Tc-MAA SPECT/CT pre-dosimetry
with those from 90 Y PET/CT post-dosimetry in 23 patients.
They found an excellent association between the outcomes of
99m Tc-MAA and 90Y PET/CT for average tumor doses (+3.8%
low median relative error with a 95% confidence interval
ranging from -1.2% to +13.2%).1* Our study yielded similar
results to previous studies, with no significant difference found
in tumor doses between pre and post microsphere dosimetry
(p=0.85716). In our 90Y PET/CT post-dosimetry results, the
tumor dose was found to be 156.2-480.4 Gy (mean
266.5+102.9 Gy). When examining the correlation of liver
parenchymal tissue doses, a relationship with R?=0.4776 at a
low level was found, despite very small differences between
pre- and post-dosimetry values (p=0.53526).

Conclusion

In  radioembolization treatment, pre-treatment
dosimetry with 99mTc-MAA SPECT/CT can be effectively
used as a conservative method for planning activity to
calculate the dose that was given to both the tumor and
the healthy liver tissue. It was concluded that the
dosimetry performed with 99mTc-MAA SPECT/CT before
treatment is compatible with the dosimetry performed
with PET/CT imaging after treatment.
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ABSTRACT

Objective: Bibliometric studies prepared by evaluating publication numbers, citation numbers and h-indexes are studies
that show the production in the field of science. By conducting a study on pain medicine specialists in Turkiye, the study
aimed to determine the Hirsch Index (h-index) ratings, number of citations, and number of publications ratings using
the Scopus database and to assess the impact of the gender, institution, and title on these parameters.

Methods: Pain physicians were identified via the Health Care Provider App Physician search tool, Council of
higher education academic search tool, and websites of the institutions. This was followed by the determination
of the h-index ratings, number of citations, and number of publications using the Scopus database.

Results: Of the 274 pain physicians evaluated in the present study, 139 (50.7%) were female and 135 (49.3%)
were male. The mean number of publications was 38.76 + 32.53, the mean number of citations was 543.48 +
987.16, and the mean h-index value was 9.51 + 6.85. 173 (63.1%) of the algologists were working as professors,
16 (5.8%) as associate professors, 12 (4.4%) as assistant professors and 73 (26.6%) as specialist doctors. Of the
total physicians, 173 (63.1%) were professors, 16 (5.8%) were associate professors. The mean of the number of
publications and citations, and the mean h-index value of the professors were found to be significantly higher
than those of other physicians (p<0.05). No significant difference was found between the male and female pain
physicians with respect to these parameters (p>0.05).

Conclusion: Our study is the first in our country to evaluate the number of publications, number of citations and h-
indexes, which are important bibliometric parameters that show the scientific production of algologists. It was
determined that the number of female pain physicians was higher, whereas the publishing activities and mean h-index
values of male academicians were higher. Nevertheless, there were no significant differences between the genders.

Keywords: Bibliometrics, Gender, H-index, Medical faculty, Pain
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OZET

Amag: Yayin sayilari, atif sayilari ve h-index’ler degerlendirilerek hazirlanan bibliometrik ¢alismalar bilim alanindaki tiretimi
gosteren galismalardir. Calismamizda Turkiye'de “Algoloji” alanindaki doktorlarin, Scopus veri tabani kullanilarak belirlenen
yayin, atif sayilari, h-indeksleri ile cinsiyet, galistiklari kurum ve tinvanin bunlara etkilerinin degerlendiriimesi amaglanmistir.
Yontem: Etik kurul onaminin alinmasi ardindan, Saglik Hizmet Sunucu Uygulamasi Doktor arama ekrani, Yiiksekogretim
akademik arama websitesi ve kurumlarin websiteleri araciligi ile belirlenen “algologlarin” yayin sayilari, atif sayilari ve h-
indeksleri, Scopus veri tabani kullanilarak belirlendi. Veriler SPSS paket programi kullanilarak analiz edildi.

Bulgular: Calismamizda degerlendirilen 274 algologun 139(50,7%)’unun kadin, 135(49,3%)’inin erkek oldugu
belirlendi. Algologlarin scopus veri tabanindaki yayin sayisi ortalamasi 38,76+32,53, atif sayisi ortalamasi
543,48+987,16 ve h-indeks ortalamasi 9,5116,85 olarak belirlendi. Algologlarin 173(63,1%)’i profesor, 16(5,8%)’
dogent, 12(4,4%)’si doktor 6gretim Uyesi ve 73(26,6%)’i uzman doktor olarak gorev yapmaktaydi. Profesérlerin
yayin sayilari, atif sayilari ve h-indeksleri ortalamalari, diger Gnvanlara sahip doktorlardan anlamli olarak yiiksek
bulundu(p<0,05). Erkek ve kadin doktorlarin yayin sayilari, atif sayilari ve h-indeks ortalamalari arasinda cinsiyete
gore anlamli farklilik tespit edilmedi(p>0,05).

Sonug: Calismamiz ulkemizde algologlarin bilimsel tiretimlerini gosteren 6nemli bibliyometrik parametreler olan
yayin sayisli, atif sayisi ve h-indekslerinin degerlendirildigi ilk ¢alismadir. Calismamizda kadin doktorlarin daha
fazla sayida oldugu, erkek akademisyenlerin yayin aktiviteleri ve h-index ortalamalarinin daha yuksek oldugu
ancak cinsiyetler arasinda anlamli farklihk bulunmadigi tespit edilmistir.
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Introduction

Pain Medicine (Algology) is a rapidly advancing field,
which attracts the attention of clinicians, and the patients’
need for specialists in this field is constantly increasing.
There are several pain medicine training programs
accredited by the American Board of Medical Specialties
(ABMS) and Accreditation Council for Graduate Medical
(ACGME) that provide fellowship in Pain Management
(Algology). In the field of pain medicine that requires a
multidisciplinary environment, 92 of the 103 pain
medicine fellowship programs in the United States (US)
consist of 92 core Anesthesia programs, nine core Physical
Medicine and Rehabilitation (PM&R) programs, and two
core Neurology programs according to the 2018 data.! In
addition to these three fields, physicians of Family
Medicine and Emergency are entitled to enroll in pain
medicine fellowship programs in the US.! The first pain
unit was introduced in Tirkiye during the mid-1980s,
followed by the introduction of fellowship programs in the
early 2010s; thus, pain medicine is strongly represented in
our country.? According to the 2022 data, it was
determined that there are currently 33 pain medicine
training fellowship programs in Tirkiye.3

Hippocrates said in the 5th century B.C. that “Divinum
est opus sedare dolorem,” which translates to “Divine is
the work to subdue pain”.* Currently, physicians have an
increasing interest in this divine act. Belgrade et al.? stated
that female physicians mostly preferred the field of pain
medicine for research purposes, whereas male physicians
preferred it to gain experience in monitoring patients who
suffer from pain and due to their interest in
multidisciplinary care. The gender-neutral evaluation
showed that the interest in procedural skills and the
desire to improve the patient’s quality of life were the
most prominent reasons for them to choose pain
medicine as their preferred branch.

Gender inequality in the field of academic medicine is
a deep-rooted problem since the past and continues to
exist in the present. Despite the increase in the number of
women in medical faculties, inequalities are observed in
promotion and leadership positions.> According to the
2020 data, in the US, 25.3% (n = 176) of 696 academic pain
physicians were female and 74.7% (n = 520) were male.®
Further, this report revealed that among full-time
professors, 84 (82.4%) were male and only 18 (17.7%)
were female. Doshi et al.” stated that pain medicine ranks
in the lower quartile range among the medical specialties
that are preferred by women in the US, which is
immediately above the male-dominant orthopedic
surgery and neurosurgery fields. They reported that one
of every 10 physicians specialized in anesthesiology and
that 25% of anesthetists and 18% of pain physicians were
female. According to the ACGME data, women
representation was the least in the pain medicine (22%)
field among the Anesthesia fellowship programs. In
“hospice  and palliative medicine” and pediatric

anesthesiology, which are among the other fellowship
programs of anesthesia, the rates were 63% and 57%,
respectively.” The fact that it is a less preferred field
chosen by women may be due to reasons similar to the
branches underrepresented by women, such as
interventional cardiology and interventional radiology,
which have radiation exposure and subsequent infertility
risks. Further, women may hesitate in choosing the male-
dominant medical specialties. 7 The situation may be
different in Tirkiye since a fellowship program is
preferred after a central clinical fellowship exam, and
different cultural and strategic factors play a role in each
country in the selection of branches of medicine.

The h-index, defined as the number of publications of
a researcher cited at least h time, is a key bibliometric
criterion to characterize the scientific output of a
researcher in terms of both quality and quantity.® The
bibliometric parameters used in the bibliometric analysis
are indicators of academic productivity and efficiency.
These bibliometric parameters include impact factor, h-,
m-, e-, indices, Eigenfactor score, number of publications,
and number of citations.”

In the previous studies of few countries, it has been
reported that gender and academic title have an effect on
bibliometric parameters and h-index and that there is
gender inequality in academia.>° Our literature analysis
showed that the studies investigating the h-index ratings
of Pain Medicine physicians who work as academicians in
different countries using the Scopus database and
examining the bibliometric data are very limited, and no
such study has been conducted in Turkiye.®

This study on “Pain medicine” physicians in Tlrkiye
aimed to evaluate the relationship among the institutions,
titles, and genders as well as h-index ratings, number of
citations, and number of publications obtained from the
Scopus database.

Materials and Methods

After obtaining the approval from the university ethics
committee (Decision no:2021/31-12, 6756-
GOA,03.11.2021), physicians with a Ministry of Health-
approved certificate in the field of pain medicine were
searched using the Republic of Tirkiye Social Security
Institution Health Care Provider App Physician Search Tool
(https://gss.sgk.gov.tr/SaglikHizmetSunuculari/pages/dokto
rArama.faces), Council of higher education academic search
tool (https://akademik.yok.gov.tr/AkademikArama/), and
websites of public and private universities on January 10,
2022.11 Academic titles, including professor, associate
professor, assistant professor and attending physician;
gender; whether they were the head of the department
or not; and their main medicine branches
(Anesthesiology, PM&R, Neurology) at the time of the
search were recorded based on the other studies in the
literature.®1213 Missing gender data were identified via
Google and LinkedIn.'* Faculty members, retired faculty
members, research assistants, and fellows whose
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academic title could not be completely determined were
excluded from study. The number of publications, h-index,
and total citations of each faculty member were recorded
using the Scopus database, which was referenced in
similar studies (http://www.scopus.com) .>* The Scopus
database was used due to the MEDLINE coverage and
authorship differentiation tools.® These tools ensure that
publications are attributed to the correct authors.
Compared to other databases, Scopus showed the least
inconsistency in content validation and quality.> If there
are two or more entries for authors in the Scopus
database, h-index values were calculated by analyzing
both entries in common.®

Clinics where academics work were classified as clinics
located in the west and east of the capital Ankara,
according to the provinces.® The types of institutions
where physicians are employed were classified as
“University of Health Sciences (UHS)”, “other public
universities,” and “private institutions and clinics.”

To limit the fluctuations in time-varying data (i.e.,
number of publications, h-index), data collection was
completed within a 5-day period from January 10, 2022 to
January 14, 2022. Two authors (EO and VH) performed
simultaneous data collection, and another author (YE)
evaluated the inconsistencies.® This study was conducted
in accordance with the principles of the Declaration of
Helsinki, 2008.

Number of Academics

- 2
Associate Professors

Professors

= Public Universities

10
1 1

Assistant Professors

® Private Institutions and Clinics

Statistical analysis

The SPSS 24.0 statistical package was used.
Continuous variables expressed as mean + SD, median
(minimum—-maximum). Frequency data expressed as
number and percentage (n, %). The Chi-square test was
used in the analysis of frequency data. The Kolmogorov—
Smirnov test was used to determine in the analysis of
continuous data, whether the data were normally
distributed. The test showed that the data were not
normally distributed. For data analysis the Kruskal-Wallis,
Chi square test and the Mann—Whitney U test were used.
P < 0.05 was accepted as a significant difference.

Results

A total of 10041 publications belonging to 274 pain
doctors were identified. The mean number of publications
in the Scopus database of 274 pain medicine specialists
who were included in the analysis was 38.76 + 32.53,
whereas the median value was 34 (1-155); the mean
number of citations was 543.48 + 987.16, whereas the
median value was 303 (0—10085); and the mean h-index
was 9.51 + 6.85, whereas the median value was 9 (0-45).

Of the Pain physicians included in our study, 173
(63.1%) were professors, 16 (5.8%) were associate
professors, 12 (4.4%) were asisstant professors, and 73
(26.6%) were attending physicians (Figure 1).

Attending Physicians Total

Universty of Health Sciences

Figure 1: Institutions where doctors work by academic titles
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Among those who met the inclusion criteria for this
study, 139 (50.7%) were female and 135 (49.3%) were
male. On the one hand, when the titles of female
physicians were studied, it was observed that 88 (63.3%)
were professors, 9 (6.5%) associate professors, 7 (5%)
assistant professors, and 35 (25.2%) attending physicians.
On the other hand, when the titles of male physicians
were considered, 85 (63%) were professors, 7 (5.2%)
associate professors, 5 (3.7%) assistant professors, and 38
(28.1%) attending physicians.

Although the number of female professors, associate
professors, assistant professors, and attending physicians
was higher than that of males, no statistically significant
difference was found (p = 0.873) (Table 1). It was
determined that 18 (12.9%) of the female physicians and
18 (13.3%) of the male physicians were the heads of the
department (p = 0.925). When the relationship between
being the head of the department and their title was
evaluated, it was determined that there were statistically
and significantly greater number of professors in this
position (p < 0.001). However, no statistically significant
difference was observed in the number of publications,
number of citations, and h-index ratings between
physicians with the title of the head of the department
and other physicians without the title (p > 0.05).

When physicians were evaluated based on their main
specialties, anesthetists constituted the largest majority
(141 anesthetists; 51.5%) (Table 1). In our study, no
statistically significant differences were found when the
main specialties were evaluated according to the
academic title. The superiority of anesthesiologists in the
number in all academic titles is notable (p > 0.05).

No significant difference was found between those
working in the west and east of the capital Ankara,
geographically in terms of gender and title (p > 0.05). A
significant difference was found in the evaluation
according to the employing institutions, and it was
noteworthy that all institution types were mostly localized
in the west (p = 0.024) (Table 2).

A statistically significant difference was found when
the institutions were evaluated by title (p < 0.001). This
statistical difference can be explained by the fact that
associate professors and specialists are mostly employed
in UHSs, whereas professors are mostly employed in other
public universities, private institutions, and clinics (Table
2).

A comparison between the publication activities of
physicians by institutions showed that the number of
publications, number of citations, and h-index parameters
of the physicians in the state universities were
significantly higher (p < 0.001). No significant difference
was found between male and female pain medicine
specialists in terms of the mean number of publications,
mean number of citations, and mean h-index values (p >
0.05) (Table 3).

The mean values of number of publications (p = 0.227,
Mann-Whitney U test), number of citations (p = 0.962,
Mann-Whitney U test), and h-index (p = 0.231, Mann—
Whitney U test) based on Scopus database did not

significantly differ between the female professors and
male professors in the field of pain medicine (Table 3).

There was no significant difference between male and
female associate professors and assistant professors of
pain medicine when the mean values of number of
publications, number of citations, and h-index (p > 0.05)
(Table 3) were calculated from the Scopus database.

When the number of publications, citiations and h-
index data were evaluated according to the main
specialties, statistically significant differences (p < 0.001,
p < 0.001, p < 0.001, respectively) were found between
PM&R and Anesthesia. Significant difference was found
between “Neurology and PM&R” when the publication
numbers were evaluated based on the main specialties (p
=0.012). (Table 4).

Discussion

Since a long time, gender inequality is a major issue in
academic medicine. Although the number of female
academicians has increased compared to the previous
years, it was determined that their articles have a lower
publication rate and that their academic career progresses
slower than their male colleagues.” The gap between the
ratio of males and females during admission to medical
schools in Japan is known worldwide.*®

Recently, a study showed that 50% of medical faculty
graduates are female and that they comprise one-third of
the US physician work-force on average.® The female
physicians are underrepresented in the Pain Medicine
department, and according to the 2017 Association of
American Medical Colleges data, it was the sixth branch
with the highest rate of male physicians in the non-
surgical field.*® Further, differences in the number of
publications, citation rates, and h-index parameters
between male and female authors have been addressed
in the previous studies.®'® In this study, gender,
institutions, publication activity, and leadership positions
among pain physicians in Tlirkiye were investigated.

The bibliographic data of the physicians in the field of
Pain Medicine in Tirkiye and the analysis of the affecting
factors revealed that there were 274 Pain medicine
physicians and that the number of female professors,
associate professors, and asisstant professors is higher
than that of male academicians. There is no significant
difference in terms of the distribution of academic titles
of Pain Medicine physicians based on gender. No
significant difference was observed between male and
female Pain Medicine physicians in terms of the mean
values of number of publications, number of citations, and
h-index ratings.

Research productivity in academic medicine still plays a
key role in the professional success. The parameters
frequently used for academic advancement are the number
of publications, number of citations, and h-index ratings. In
the US, Orhurhu et al.® who conducted their study with
faculty members in the pain medicine field stated that full-
time professors are more likely to have higher h-index values
with a statistically significant relationship between these two
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parameters. It is stated that the increase in the number of
publications, the h-index values and total citations was
correlated with an increase in the academic title.® Our
statistical analysis demonstrated that as the academic title
increased, the number of publications, number of citations,
and h-index values increased significantly.

In our study, the publication activities of male and female
pain physicians were analyzed and although it was
determined that the mean values of number of publications,
number of citations, and h-index was lower among women
than men, no statistically significant difference was found.
Similarly, women showed lower productivity metrics, but no

significant differences in h-index values were found between
the males and females in a study, which evaluated 696 pain
medicine faculties in the US.® Bastian et al.?’ and Chauvain et
al.?! found that there was no significant difference between
the h-index values of males and females in the field of
orthopedics and psychiatry. Our findings are consistent with
the literature. Considering the shorter career length of
female physicians due to increased work-life imbalances and
domestic roles, it can be concluded that they can achieve this
equality by spending more time on academic activities than
male academics during their working period.

Table 1: Distribution of Academic Titles and Major Specialties by Gender, n (%)

Female Male Total
Academic Title
Professor 88 (63.3%) 85 (63%) 173 (63.1%)
Associate professors 9 (6.5%) 7 (5.2%) 16 (5.8%)
Assistant professors 7 (5%) 5(3.7%) 12 (4.4%)

Attending Physician
Major specialties
Anesthesiology and Reanimation

Physical Medicine and Rehabilitation (PM&R)

35(25.2%) 38(28.1%) 73 (26.6%)
66(47.5%)

41(29.5%)

75(55.6%)
40(29.6%)

141(51.5%)
81(29.6%)

Neurology 32(23%) 20(14.8%) 52(19%)
Total 139(50.7%) 135(49.3%) 274 (100%)
n: number
Table 2: Types and Locations of Institutions Where Physicians are Working n(%)
Locations of the Institutes 0

Clinics located in the west of Ankara

Clinics located in the east of Ankara

Professors 138(65.7%) 35(54.7%)
Assoc. Professors 14(6.7%) 2(3.1%) 0.146
Asst. Professors 8(3.8%) 4(6.3%) '
Attending Physicians 50(23.8%) 23(35.9%)
Total 210(76.6%) 64(23.4%)
Institution Type
Public Universities Private Ins'tlt'utlons Un|ver5|.ty of Health ¢]
and Clinics Sciences
Professors 97(56.1%) 47(27.2%) 29(16.8%)
Assoc. Professors 6(37.5%) 0(0%) 10(62.5%)
Asst I;’rofessors 10(83.3%) 1(8.3%) 1(8.3%) <0.001
* [s) 0, 0,
Attending Physicians 9(12.3%) 10(13.7%) 54(74%)
Total 122(44.5%) 58(21.2%) 94(34.3%)

P<0,05, n:number, chi-squared test. Assoc. Professors: Associate Professors, Asst. Professors: Assistant Professors
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Table 3: The Number of Publications, Citations and H-Index Averages (Mean + Standard Deviation) and Median (Minimum-Maximum) Values Determined from the Scopus Database
According to Academic Title and Gender in the Field of Pain Medicine in Turkiye

Gender
Total
Female Male
Number of Number of . Number of Number of . Number of Number of .
.. N h-index . .. e . h-index . .. e . h-index
Publication Citations Publication Citations Publication Citations
2245, 13.32+6. 2242931 12.7645.91
Professor 50.56+27.72  775.66+1297.15 12 Zizs 30 56.02430.81  783.924955.28 33 136 47 >3 1 53 3 779'70::7139'75 7?; °
n:173 47 476 52 634 !
- - ] 0-10085 -
(£:88, m:85) (1-133) (0-10085) (0-30) (4-155) (9-7485) (1-45) (1-155) ( ) (0-43)
+ + +
Assoc. Prof. 55 5541122 349.3?;;266.40 7958 43.422_240.06 Jg84311 78 6 47464 33.?;2_52(2)3.16 122 501333.87 8.06;3.51
n:16 25 7 119 7 ! 152,50
71-989 ] ) , )
(£:9, m:7) (9-40) (74:589) (4-12) . (49-768) (a-16) (6:124) (49-989) (4-16)
+ + +
Asst. Prof. 12'37;10'86 118'50;9152‘40 4'75;3'45 6.37+2.26 19.75+16.03 2.25+1.28 8+5.47 70.16+128.27 3'323 ‘5%'70
n:12 7 9 2 7 30 :
4-22 2-449 1-10 1-10
(£:7, m:5) (4-22) (2-449) (1-10) (4-8) (1-44) (1-4) (4-22) (1-449) (1-10)

. . . ./3%5. 701, .04+2.
Attending Physicians 732550 20353529 1704156 8.3948.34 42.53167.84 2.7142.73 5.936.35 27.80+49.42 2042208
n:73 : 6 14 2 4 12

1-14 0-63 03 0-11
(£:35, m:38) (14 (063 (©3) (1-31) (0-301) (0-11) (1-31) (0301) o

10.1747.29
+ +
Total 35.44+30.56 ~ °>32:27%1096.89 8.91+6.39 42.43+34.32 255.78+855 9 38.76+32.53  °43:481987.16 9.51+6.85
n:274 32 292 9 39 314 (0-45) 34 303 9
: 0-10085 1-155 0-7485 (0-10085)

(£:139, m:135) (1-133) (0-10085) (0-30) (1-155) (0-7485) (1-155) (0-45)

n:number, f:female gender, m:male gender, Mann—Whitney U test. Assoc. Professors: Associate Professors, Asst. Professors: Assistant Professors
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Table 4: The Number of Publications, Citations and h-index Averages (Mean * Standard Deviation) and Median
(Minimum-Maximum) Values Determined from the Scopus Database according to the Major Departments of Physicians

in the Field of Pain Medicine in Turkiye

p Values
Anesthesiology Difference Difference Difference
a.nd ] PM&R Neurology Between Between Between
Reanimation Anesthesiology  Anesthesiology Neurology
and PM&R and Neurology and PM&R
+
Number of 31.54+27.34 50.27+31.29 39'532_:.1'35
Publication 26 49 (2-155) <0.001 0.696 0.012
(1-124) (1-148)
+ +
Number of 302.30+350.43 673.7Zg262.42 973.321_915999.87
L, 196,50 <0.001 0.188 0.058
Citations (0-1664) (0-2877) (0-10085)
+ +
7.45;5.09 12.21+6.17 10.679_9.76
h-i 1 <0.001 14 .084
index (0-22) (0_239) (0-45) 0.00 0.145 0.08

Mann-Whitney U test, PM&R: Physical Medicine and Rehabilitation

It has been reported that women are promoted at a
slower rate in academia and also have a lower publication
rate than men.? Patel et al.? listed the career barriers of
female doctors in the field of medicine as ineffective
mentoring, implicit biases and a preference for working part-
time. D’Souza et al.’ evaluated 111 chronic pain programs
and 35 acute pain programs in the USA and reported that
female program directors were employed in 35 (31.5%) of all
the programs, and the male representation rate was higher
than women. In addition, they stated that female pain
program directors have lower peer-reviewed publications
than their male counterparts. They also reported that pain
fellowship programs with female directors have higher
number of female fellow trainees than those with male
directors. In our study, however, no significant relationship
was found between gender and clinical leadership (head of
the department). Physicians who serve as the department
heads are mostly professors with a statistically significant
difference. In our country, the participation of physicians in
the pain medicine fellowship programs with a central exam
and the interest of both the genders in a popular branch
ensured a more homogeneous distribution of the genders in
pain medicine, resulting in an equal representation of males
and females in leadership positions. It is necessary for the
clinics to create an environment where women and men
have equal opportunities in leadership positions for the equal
representation to be sustainable.

When the publication activities based on institutions
were examined in our study, it was determined that the
number of publications and h-index ratings of physicians
working at private institutions and other public
universities were significantly higher than those employed
in the UHSs. Similarly, the number of citations of
physicians employed in other public universities was
higher than those employed in UHSs. This may be due to
the fact that after the Ministry of Health started to issue

the pain medicine fellowship certificate to physicians who
were working in this field in 2011, the physicians who have
advanced academic titles, they continued to work at
private institutions or other public universities, whereas
new pain physicians are preferred to work at UHSs. We
believe that this gap between the institutions will be
narrowed as new pain physicians contribute to the
literature with robust publications over time.

Evaluation of publication activity by the main
specialties showed remarkable consequences. It was
observed that the pain physicians from PM&R had greater
number of publications than those from anesthesia. Pain
physicians from PM&R also have significantly higher
citation numbers and h-index values than pain physicians
from anesthesia. The fact that anesthesiologists who work
in a surgical branch cannot demonstrate sufficient
publication activities unless they enroll in a fellowship
program, which could be due to their busy schedules and
shifts in our country, may lead to this significant
difference. A study has been reported in the literature
that examines the  publication activities of
anesthesiologists in Tirkiye.'* We anticipate that such
bibliometric studies in other branches can enlighten the
significant differences among the branches in terms of the
publication activities.

Limitations

The websites from which we obtained the data may
contain inaccurate or incomplete information. Although the
information in the Scopus database is more accurate than in
other databases, there is still a possibility that an author’s
publication was mistakenly attributed to someone else with
the same name. In addition, the surnames of female physicians
may have changed after their marriage. Therefore, physician
information was checked from the public websites of the
institutions in addition to the Scopus database to determine
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the number of publications, h-index, or academic parameters
before and after the surname change.

Secondly, h-index may not be a dynamic measure of
increased scientific productivity over time. Physicians who had
received many citations at the beginning of their careers and
who had written articles will continue to collect citations and
increase their h-index ratings, even if there is no more scientific
activity. Therefore, m-index, which indicates the ratio of career
length to the h-index, can be used in future studies.

Conclusion

Our study is the first to evaluate the number, gender
distribution, academic title distribution, leadership
positions, and Scopus database-based number of
publications, number of citations, and h-index ratings of
academicians working in pain medicine departments in
various medical faculties. In our study, it was determined
that there are 274 pain medicine physicians in our country
and that the number of female professors, associate
professors, asisstant professors, and attending physicians
were higher than those of male physicians, but there was
no significant difference between the genders. It was
determined that the number of publications, number of
citations, and h-index values of male academicians were
higher than that of females, but there was no significant
difference between the genders. It was shown that the
publishing activity of physicians employed in private
institutions and clinics and other public universities was
higher than those in UHSs. It was concluded that pain
physicians with PM&R and Neurology specialty had higher
publication activity than pain physicians with anesthesia
specialty.

References

1. Belgrade M, Belgrade A. Why Do Physicians Choose Pain as a
Specialty?. Pain Med. 2020;21(11):2743-2747.

2. Turk Algoloji Dernegi. Tarihge. Turkey; 2022 Jan [2022 Jan
22]. https://algoloji.org.tr/tarihce/

3. Tipta Uzmanhk Kurulu. Programlar. Turkey; 2022 Jan [2022
Jan 22]. https://tuk.saglik.gov.tr/TR-30148/programlar.html

4. Stevens EB, Stephens GJ. Recent advances in targeting ion
channels to treat chronic pain.Br J Pharmacol.
2018;175(12):2133-2137

5. Silver JK, Blauwet CA, Bhatnagar S, et al. Women Physicians
Are Underrepresented in Recognition Awards From the
Association of Academic Physiatrists. Am J Phys Med
Rehabil. 2018;97(1):34-40

6. Orhurhu MS, Orhurhu V, Salisu B, Abimbola A, Cohen SP.
Factors associated with academic rank among chronic pain
medicine faculty in the USA.Reg Anesth Pain Med.
2020;45(8):589-596. doi:10.1136/rapm-2019-101139

7. Doshi TL, Bicket MC. Why Aren't There More Female Pain
Medicine Physicians?. Reg Anesth Pain Med.
2018;43(5):516-520

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Choudhri AF, Siddiqui A, Khan NR, Cohen HL. Understanding
bibliometric parameters and analysis. Radiographics.
2015;35(3):736-746. doi:10.1148/rg.2015140036

Khan N, Thompson CJ, Choudhri AF, Boop FA, Klimo P Jr. Part
I: The application of the h-index to groups of individuals and
departments in academic neurosurgery. World Neurosurg.
2013;80(6):759-765.e3. d0i:10.1016/j.wneu.2013.07.010
Pagel PS, Hudetz JA. An analysis of scholarly productivity in
United States academic anaesthesiologists by citation
bibliometrics. Anaesthesia. 2011;66(10):873-878

Hanci V, Uzun G, Aksoy M, et al. H-index and Bibliometric
Analysis of Scientific Production Parameters of the Assistant
Academic Anesthesiology and Reanimation Specialist in
Educational Institutions in Turkey J Acad Res Med
2021;11(3):234-40

Svider, PF, Choudhry, ZA, Choudhry, OJ, et al. The use of the
h-index in academic otolaryngology. The
Laryngoscope, 2013;123(1), 103-106

Rad AE, Brinjikji W, Cloft HJ, Kallmes DF. The H-index in
academic radiology. Acad Radiol. 2010;17(7):817-821.
doi:10.1016/j.acra.2010.03.011

Yang, HY, Rhee, G, Xuan, L, et al. Analysis of H-index in
Assessing Gender Differences in Academic Rank and
Leadership in Physical Medicine and Rehabilitation in the
United States and Canada. American journal of physical
medicine & rehabilitation, 2019;98(6), 479-483

Adriaanse LS, Rensleigh C. Web of science, scopus and
Google scholar a content comprehensiveness comparison.
Electron Libr 2013;31:727-44

D'Souza RS, Langford B, Moeschler S. Gender Representation
in Fellowship Program Director Positions in ACGME-
Accredited Chronic Pain and Acute Pain Fellowship
Programs. Pain Med. 2021;22(6):1360-1366

Wright, AL, Schwindt, LA, Bassford, TL, et al. Gender
differences in academic advancement: patterns, causes, and
potential solutions in one US College of Medicine. Academic
medicine : journal of the Association of American Medical
Colleges, 2003;78(5), 500-508

Oshima K, Ozaki A, Mori J, Takita M, Tanimoto T. Entrance
examination misogyny in Japanese medical schools. Lancet.
2019;393(10179):1416. d0i:10.1016/50140-6736(18)33180-5
Karri J, Navarro SM, Duong A, Tang T, Abd-Elsayed A.
Exploration of Gender-Specific Authorship Disparities in the
Pain Medicine Literature. Reg Anesth Pain Med. Published
online November 2, 2019. doi:10.1136/rapm-2019-100806
Bastian S, Ippolito JA, Lopez SA, Eloy JA, Beebe KS. The Use
of the h-Index in Academic Orthopaedic Surgery. J Bone Joint
Surg Am. 2017;99(4):e14. doi:10.2106/JBJS.15.01354
Chauvin S, Mulsant BH, Sockalingam S, et al. Gender
Differences in Research Productivity among Academic
Psychiatrists in Canada. Can J Psychiatry. 2019;64(6):415-422
Reed DA, Enders F, Lindor R, McClees M, Lindor KD. Gender

differences in academic productivity and leadership
appointments of physicians throughout academic
careers. Acad Med. 2011;86(1):43-47. doi:10.1097/

ACM.0b013e3181ff9ff2

Patel J, Duong A, Tang T, Cui, C., Kohan, L., Abd-Elsayed, A.,
Ma, J. Z. Gender Disparities in Academic Pain Medicine: A
Retrospective, Cross-Sectional Bibliometric Analysis. J Pain
Res. 2022;15:3893-3897. doi:10.2147/JPR.S359069



R

S
£
CM]

| cmj.cumhuriyet.edu.tr |

CMJ, 2024;46(2): 118-120
DOI: 10.7197/cmj.1186002

Cumhuriyet Medical Journal

Founded: 2004 Available online, ISSN:1305-0028 Publisher: Sivas Cumhuriyet Universitesi

Prostat Cancer and Obesity

Zekiye Hasbek!>*, Mukaddes Yilmaz2?, Mahmut Ugar2<, Mehmet Emirhan Hasbek34

'Department of Nuclear Medicine, Sivas Cumhuriyet University Faculty of Medicine, Sivas, Tiirkiye
2Department of Medical Oncology, Sivas Cumhuriyet University Faculty of Medicine, Sivas, Tiirkiye
3Student, Sivas Cumhuriyet University, Faculty of Medicine, Sivas, Tiirkiye

*Corresponding author

Research Article

History

Received: 08/10/2022
Accepted: 14/05/2024

ABSTRACT

Objective: Obesity and aggressive prostate cancer are two important clinical conditions because of the
prevalence and obesity increases the aggressiveness of prostate cancer. In this study, our aim was to investigate
obesity rates at the time of diagnosis in patients who underwent Ga-68 PSMA PET/CT.

Methods: 104 patients with newly diagnosed prostate cancer who underwent Ga-68 PSMA PET/CT between
2021 and 2022 for staging were included in this study. The patients' height and weight, pathology results and
PSA values, which were recorded routinely before PET/CT, were obtained from Nuclear Medicine patient files.
The formula [mass (kg) / height2 (m)] was used to calculate the body mass index (BMI). According to the PSA
values and Gleason score of the patients, intermediate and high-risk patients were included in the study.
Results: The median age of the patients was 70.5 (range:40-87 yrs) at the time of diagnosis and 67 (64.4 %)
patients had metastases at the time of diagnosis. Of the patients, 15 (14.4%) were in the intermediate risk group
and 89 (85.6%) were in the high risk group. Of the patients, 33 (31.7%) were normal weight, 45 (43.3%) were
overweight, and 26 (25%) were obese. There was no significant difference between prostate cancer risk groups
and BMI (p=0.126)

Conclusion: As a result, the weight of the majority of the patients in our study was above normal. However,
there was no significant difference between overweight and obese and prostate cancer risk groups. However,
considering all the literature information, being overweight increases the risk of cancer, and attention should be
paid to dietary habits.

Keywords: Prostate cancer, obesity, PET/CT, Ga-68 PSMA
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OZET

Amag: Obezite ve agresif prostat kanseri, yaygin olmasi ve obezitenin prostat kanserinin agresifligini artirmasi
nedeniyle iki 6nemli klinik durumdur. Bu ¢alismada amacimiz, Ga-68 PSMA PET/BT yapilan hastalarda tani aninda
obezite oranlarini arastirmakti.

Yéntem: Bu galismaya yeni tani almis prostat kanseri olan ve evreleme amaciyla 2021-2022 yillari arasinda Ga-
68 PSMA PET/BT yapilan 104 hasta dahil edildi. Hastalarin PET/BT ¢ekimi 6ncesi rutin olarak kaydedilen boy ve
kilolari ile patoloji sonuglari ve PSA degerleri Nukleer Tip hasta dosyalarindan elde edildi. [mass (kg) / height2
(m)] formili Viicut kitle indeksi (VKi) hesaplamada kullanildi. Hastalarin PSA degerleri ve Gleason skoruna gére
intermediate ve yuksek riskli hastalar ¢alismaya dahil edildi.

Bulgular: Tani aninda hastalarin median yasi 70.5 (range:40-87 yas) idi ve tani aninda 67 hasta (%64.4)
metastatikti. Hastalardan 15'i (%14.4) orta risk grubunda ve 89'u (%85.6) yliksek risk grubunda idi. Hastalardan
33'l (%31.7) normal kilolu, 45’i (%43.3) fazla kilolu ve 26’s1 (%25) obezdi. Prostat kanser risk gruplari ile VKI
arasinda anlamli fark bulunmadi (p=0.126)

Sonug: Sonug olarak, ¢alismamizdaki hastalardan blytk gogunlugunun kilosu normalin tizerindeydi. Bununla
birlikte kilolu ve obez olmakla prostat kanser risk gruplari arasinda anlaml farkhlik bulunmadi. Ancak tim
literatlr bilgileri de dikkate alindiginda, fazla kilolu olmanin kanser riskini artirdigi géz 6niinde bulundurularak
beslenme aliskanliklarina dikkat edilmelidir.
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Introduction

Prostate cancer is the 2nd commonly diagnosed cancer in
men, after lung cancer, according to Globocan statistics.! In an
epidemiological study conducted in Turkey, the incidence rate
of prostate cancer was found to be 35 per 100000.2 In the
aforementioned study, the median age at diagnosis was 68
years and the median PSA level was 10.0 ng/ml. PSMA
(Prostate Specific Membrane Antigen) expression is increased
in all prostate cancers. Aggressiveness of the disease is
associated with metastatic disease and recurrence.? Positron
Emission Tomography / Computed Tomography (PET/CT) is a
high-level diagnostic hybrid imaging method that provides
imaging at the molecular level. Since it is a hybrid imaging
system, it also provides morphological information. PSMA
(prostate-specific membrane antigen) is a transmembrane
protein primarily present in all prostatic tissues. PSMA
expression increases at high levels in prostate cancer patients
(approximately 100-1000-fold).* Since PSMA is used in both
diagnosis and treatment, it has taken its place among the
theranostic agents in nuclear medicine applications. PET/CT
with Ga-68 PSMA (Gallium-68 Prostate Specific Membrane
Antigen) is now recommended as an alternative to standard
bone and soft tissue imaging with NCCN updated guidelines.
Ga-68 PSMA PET/CT has high sensitivity and specificity in
detecting metastatic lesions, even at very low PSA levels.® Cerci
et al.” reported that in multicenter study the reliability and
worldwide applicability of Ga-68 PSMA PET/CT in the
examination of patients with biochemical recurrence.

There are many studies in the literature linking cancer and
obesity. Obesity, develops as a result of hypertrophy and
hyperplasia in the adipose tissue. The increased mortality and
morbidity associated with obesity is thought to be due to the
increase in hormones, adipokines and cytokines produced by
fat tissue.® Obesity and aggressive prostate cancer are two
important clinical conditions because of the prevalence and
obesity increases the aggressiveness of prostate cancer. In this
study, our aim was to investigate obesity rates at the time of
diagnosis in patients who underwent Ga-68 PSMA PET/CT.

Materials and Methods

This study comprised 104 people with new diagnoses of
prostate cancer who underwent staging with Ga-68 PSMA
PET/CT between 2021 and 2022. The patients' height and
weight, pathology results and PSA values, which were
recorded routinely before PET/CT, were obtained from
Nuclear Medicine patient files. On the basis of their PSA values
and Gleason score, the patients were categorized as low risk,
intermediate risk, and high risk. Patients with a Gleason score
< 6 and PSA < 10 were considered low-risk, patients with a
Gleason score of 7 and/or PSA <10- <20 were considered
intermediate risk, and patients with a Gleason score of 8-10 or
PSA >20 were considered high-risk. According to risk
classification, patients in the low-risk class were not allowed to
participate in the study. Furthermore, study participation was

restricted to individuals who had previously undergone any
form of treatment (chemotherapy, irradiation, etc.).

%8Ga-PSMA PET/CT Imaging Protocol

Patients received an intravenous injection of 2 MBqg/kg
68Ga-PSMA 45-60 min before the start of the acquisition.
68Ga-PSMA PET / CT imaging of all patients was performed
with General Electric Discovery PET / CT 600 (GE Medical
Systems, LLC, 3000 N. GRANDVIEW BLVD., WAUKESHA, WI.,
U.S.A.) device. First, using a 16-section scanner, CT imaging
was done at 120 kV, 172 mAs, and 2.5 mm axial slice
thickness for attenuation correction and anatomical
correlation. PET imaging was carried out for around three
minutes in each bed position in three dimensions,
encompassing the cranium and feet. Using the iterative
reconstruction method, CT and PET images were matched
and fused into transaxial, coronal, and sagittal images. The
Digital Imaging and Communications in Medicine (DICOM)
protocol was used to transport the data to a processing
workstation (AW Volume Share5, GE Medical Systems S.C.S,
France). Subsequently, semi-quantitative and visual analysis
was conducted. The SUVmax computed by standard
methods from the activity in the most intense voxel in the 3-
D tumor region from the transaxial whole-body images.

The formula [mass (kg) / height2 (m)] was used to
calculate the body mass index (BMI). In the BM classification,
less than 18.5 was considered underweight, 18.5-24.5
normal, 25-29.9 overweight, 30 and over obese. However,
our main limitation in this evaluation is that the majority of
the height-weight data of the patients were recorded
according to their statements rather than measurement.

Our study is retrospective. For this reason, ethics
committee approval was not received. The Helsinki
Declaration of the World Medical Association was
followed in the conduct of this research.

Statistical Analysis

The statistical analysis was conducted using the Statistical
Package for Social Sciences (SPSS) for Windows 22.0 (SPSS,
Inc., Chicago, IL, USA). The mean, standard deviation,
frequency, and median were employed in descriptive
statistics. Fisher's exact test or chi-square were used to
statistically compare categorical data. A P value of less than
0.05 was considered statistically significant.

Results

At the time of diagnosis, 67 (64.4%) of the patients had
metastases, and the median age of the patients was 70.5
(range: 40-87 vyears). Every patient is diagnosed with
adenocarcinoma. 89 (85.6%) of the patients were in the high-
risk group, and 15 (14.4%) were in the intermediate-
risk group. Of the patients, 45 (43.3%) were overweight, 26
(25%) were obese, and 33 (31.7%) were of normal weight.

According to Table 1, there was no significant
difference (p=0.126) among the BMI and prostate cancer
risk categories. When comparing the BMI groups to the
patients' metastatic status at diagnosis, there was not a
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significant difference (p= 0.745). Age and risk
categorization did not significantly vary (p=0.107), despite
the fact that BMI increased with age (p=0.004). Table 2
indicates that there was no statistically significant
correlation found between the BMI of our patients and
the presence or absence of metastases.

Discussion

Studies conducted so far have shown that weight gain
and obesity are considered risks for the development and
survival of many cancers. There are proven data between
esophagus, thyroid, colon, kidney, gallbladder, liver,
rectum, melanoma, multiple myeloma, leukemia,
lymphoma, prostate cancer in men, and postmenopausal
breast and endometrial cancers in women, and obesity.°
Freedland et al.?® according to the review study, although
obesity is not directly related to prostate cancer, they
reported that obesity increases tumor aggressiveness in
patients with prostate cancer, while weight loss can
reduce the risk of non-metastatic aggressive disease.
Similarly, another review reported that obesity increases
the incidence of aggressive prostate cancer.!! According

to the data of our study, 43.3% of our patients were
overweight and 25% were obese. However, no significant
difference was found between overweight and obese and
prostate cancer risk groups in our study. Furthermore,
there was no relationship discovered between BMI and
metastatic presence.

One of the major limitations of our study was the
inhomogeneity of the patient population and the small
number of patients. Also, our other limitation in this
evaluation is that the majority of the height-weight data
of the patients were recorded according to their
statements rather than measurement.

Conclusion

As a result, the majority of the patients in our study
were above normal weight. However, there was no
significant difference between overweight and obese and
prostate cancer risk groups. However, considering all the
literature information, being overweight increases the risk
of cancer, and attention should be paid to dietary habits.

Conflict of interest
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Table 1. The relationship between prostate cancer risk groups and BMI classification of patients

Prostat Cancer Risk Classification

BMI Intermediate Risk High Risk p value
n (%) n (%)
Normal weight (18.5-24.9) 6 (18.2) 27 (81.8) 0.126
Overweight  (25-29.9) 3(6.7) 42 (93.3) ’
Obese (=30) 6 (23.1) 20(76.9)
Abbreviation: BMI: Body mass index
Table 2. The relationship between presence/absence of metastasis and BMI classification of patients
BVl Metastases p value
Present, n (%) Absent, n (%)
Normal weight (18.5-24.9) 23 (69.7) 10(30.3) 0.745
Overweight  (25-29.9) 28 (62.2) 17 (37.8) '
Obese (>30) 16 (61.5) 10 (38.5)

Abbreviation: BMI: Body mass index
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ABSTRACT

Uric acid (UA) acts as a richly available water-soluble antioxidant, contributing to approximately two-thirds of
the overall free-radical-scavenging activity in human serum. It is discharged from damaged cells during the
preparation for allogeneic hematopoietic stem cell transplantation (allo-HSCT). This study assessed how
pretransplantation uric acid levels influence survival and mortality in allo-HSCT patients. In a retrospective
analysis of 267 patients with hematologic diseases who underwent allo-HSCT, uric acid levels were documented
on the day of allo-HSCT (day 0). Patients were divided into two cohorts based on their pretransplant uric acid
levels: those at or below 4.4 mg/dL and those above 4.4 mg/dL. Among them, 153 (57.3%) were male, and 114
(42.7%) were female, with a median age of 31 years (ranging from 13 to 66). Those with serum uric acid levels
of 4.4 mg/dL or lower exhibited notably poorer overall survival (OS) and disease-free survival (DFS) compared to
those surpassing 4.4 mg/dL (p=0.032 and p=0.045, respectively). Our findings indicate an interrelation between
low pretransplant serum uric acid levels and reduced survival rates in allo-HSCT patients. Further exploration
into potential mechanisms, such as compromised antioxidative capacity in hypouricemia, may establish uric acid
as a promising prognostic marker in allo-HSCT.

Keywords: Uric acid, Allogeneic Hematopoietic Stem Cell Transplantation, Survival, Prognosis
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OZET

Urik asit (UA) suda ¢dziinebilen zengin bir antioksidan olarak gérevi goriir ve insan serumundaki toplam serbest
radikal stipurict aktivitenin yaklasik tgte ikisine katkida bulunur. Allojeneik hematopoetik kok hiicre nakli (allo-
HKHN) igin hazirlik sirasinda hasarli hiicrelerden atilir. Bu calismada, allo-HKHN hastalarinda nakil 6ncesi trik asit
dizeylerinin sagkalim ve mortaliteyi nasil etkiledigi degerlendirilmistir. Hematolojik hastaligi olan ve allo-HKHN
yapilan 267 hastanin retrospektif analizinde, Urik asit duzeyleri allo-HKHN giiniinde (0. giin) belgelenmistir.
Hastalar nakil 6ncesi Urik asit diizeylerine gore iki gruba ayrilmistir: 4,4 mg/dL veya altinda olanlar ve 4,4
mg/dL'nin lizerinde olanlar. Bunlarin 153 'i (%57,3) erkek, 114' (i (%42,7) kadindi ve ortanca yaglari 31'di (13 ile
66 arasinda degisiyordu). Serum urik asit diizeyleri 4,4 mg/dL veya altinda olanlar, 4,4 mg/dL'yi asanlara kiyasla
belirgin sekilde daha kotu genel sagkalim (OS) ve hastaliksiz sagkalim (DFS) sergilemistir (sirasiyla p=0,032 ve
p=0,045). Bulgularimiz, allo-HKHN hastalarinda dusuk pretransplant serum trik asit duizeyleri ile azalmig sagkalim
oranlari arasinda bir iliski oldugunu gostermektedir. Hipourisemide bozulmus antioksidatif kapasite gibi
potansiyel mekanizmalarin daha fazla arastirilmasi, tirik asidin allo-HKHN' nde umut verici bir prognostik belirteg
olmasini saglayabilir.
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Introduction

Allogeneic hematopoietic stem cell transplantation
(allo-HSCT) is a well-established therapeutic approach for
various hematological malignancies and non-neoplastic
genetic disorders.>? The treatment result of allo-HSCT
depended on two primary variables: transplant-related
morbidity or mortality (TRM) and disease recurrence.3*
Despite advancements in recent decades, infectious
complications and graft-versus-host disease (GVHD)
continue to be significant contributors to transplant-
related morbidity or mortality (TRM).>® Efforts have
focused on identifying prognostic markers for allo-HSCT
recipients, with UA emerging as a potential predictive
marker for survival. However, the prognostic significance
of UA in determining post-transplantation outcomes
remains uncertain. UA is the end product of the purine
metabolic pathway.” Humans do not possess urate
oxidase or uricase, enzymes necessary to convert UA into
the more soluble compound allantoin.?

Consequently, humans tend to have higher serum UA
concentrations than most other mammals. However, the
increased UA levels in humans have been considered
beneficial, especially during increased oxidative stress.?
UA can bind iron and inhibit iron-dependent ascorbate
oxidation, protecting against oxidative stress-induced
injuries. Consequently, a decrease in UA concentration
may result in heightened oxidative stress.1°

Oxidative stress, marked by heightened free radical
activity, is considered a significant factor in conditions such
as cancer, heart disease, and aging. UA is the principal natural
antioxidant in  peripheral blood, contributing to
approximately 60% of the capacity for scavenging free
radicals.? Moreover, the suggested antioxidant properties of
heightened UA levels in humans are believed to provide
neuroprotection against a range of neurodegenerative and
neuroinflammatory disorders.'"%>

The antioxidant impact of UA has not been sufficiently
documented in patients undergoing allo-HSCT. Numerous
studies present conflicting findings regarding the association
between UA levels and overall survival among patients
undergoing  allogeneic  hematopoietic  stem  cell
transplantation  (allo-HSCT).  While one  previous
retrospective study indicates no significant association
between UA levels prior to transplantation and mortality
following allo-HSCT,* another study suggests a negative
association between UA levels and mortality. The antioxidant
effect of UA has not yet been adequately reported in patients
undergoing allo-HSCT.Y” Therefore, we aimed to evaluate the
prognostic significance of pretransplant UA levels for survival
outcomes in patients undergoing allogeneic hematopoietic
stem cell transplantation (allo-HSCT).

Methods

Patient Cohort

Three hundred patients  who underwent
transplantation at Erciyes University Hematology
Transplant Center between 2007 and 2016 were included
for retrospective data analysis. After excluding individuals
with missing UA levels on the day of hematopoietic stem

cell transplantation (HSCT) (day 0) (n=33), the final dataset
consisted of 267 patients. These patients were divided
into two groups based on their pretransplant UA levels:
those with serum UA levels of 4.4 mg/dL or lower (<4.4
mg/dL) and those with levels exceeding 4.4 mg/dL (>4.4
mg/dL). The study was approved by the local ethics
committee of Erciyes University (Approval number:
2021/338).

Transplantation Procedures and Prophylaxis Strategy

HSCT procedures followed standard protocols.
Myeloablative conditioning (MAC) regimens included either
cyclophosphamide/total  body irradiation (TBI) or
cyclophosphamide/busulfan. Non-myeloablative
conditioning (NMA) was primarily administered to patients
with aplastic anemia, with cyclophosphamide being the
primary conditioning agent. Reduced-intensity conditioning
(RIC)  comprised fludarabine/busulfan, fludarabine/
melphalan, or fludarabine/low-dose TBI. Prophylaxis against
GVHD consisted of methotrexate plus cyclosporine A, with or
without anti-thymocyte globulin (ATG).

Within the first four weeks following transplantation,
patients were prescribed prophylactic antibacterial
(moxifloxacin 1x400 mg/day) and antiviral (valacyclovir
1x500 mg/day) treatments. Antifungal prophylaxis
consisted of fluconazole 2x200 mg/day until the 75th day
post-transplantation. After engraftment, trimethoprim
and sulfamethoxazole were administered twice daily,
twice weekly, for pneumocystis jirovecii prophylaxis until
day 180. Patients were scheduled for weekly visits during
the initial month and biweekly visits for the subsequent
three months.

Characterization of Transplant-Related Variables and
Statistical Analysis

Patients diagnosed with acute leukemia in first or
second complete remission (CR) or those with
myelodysplastic syndrome (MDS) were categorized as
standard risk for risk stratification associated with
transplantation.18

Patients not falling into these categories were
classified as high-risk. In instances of gender mismatch
between donor and recipient, female donors matched
with male recipients were considered high risk, while all
other combinations were categorized as standard risk.'®
GVHD was evaluated according to established clinical
criteria. 202

The primary endpoints included overall survival (OS)
and disease-free survival (DFS). OS was defined as the
period from HSCT to death from any cause. DFS was
delineated as the duration (in months) from the date of
HSCT until disease recurrence was confirmed
radiologically or histologically. Early transplant mortality
referred to events occurring within the initial 30 days
post-transplantation, while peritransplant mortality
encompassed events within the first 100 days after
transplantation.

We utilized the Mann-Whitney U test to compare
continuous variables between the two groups. For
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qualitative data comparison, we employed the Pearson
Chi-Square and Fisher-Freeman Halton tests. Survival and
mortality probabilities were estimated using the Kaplan-
Meier method, with comparisons performed using the
log-rank test. The optimal cut-off value for uric acid levels
in predicting survival was determined through receiver
operating  characteristic  (ROC) curve analyses.
Furthermore, we conducted univariate and multivariate
Cox regression analyses to identify the most significant
risk factors affecting survival and mortality probabilities.

Variables that had a significance level of p<0.20 were
included in the multiple models, and backward
elimination was used to identify independent risk factors.
Hazard ratios, along with 95% confidence intervals (Cls),
were reported. A significance level of p<0.05 was
considered statistically significant.

Results

Patients Attributes

A total of 267 patients participated in the study, with
153 (57.3%) being male and 114 (42.7%) female. Patient
characteristics before transplantation are summarized in
Table 1. The median age overall was 31 years (range 13-
65). In terms of risk classification, 124 patients (46.4%)
were categorized as high risk, while 143 (53.6%) were
considered standard risk. Most patients underwent
transplantation for acute leukemia (74.2%), while a
smaller proportion received transplants for
lymphoproliferative diseases (10.9%) or other conditions
(15%). The median pretransplant uric acid (UA) level was
4.2 mg/dL (range 1.1-8.5 mg/dL). Among the patients, 198
(74.2%) underwent allo-HSCT within the first 12 months
after diagnosis, while 69 patients (25.8%) underwent the
procedure after completing the initial 12 months
following diagnosis. In post-transplant evaluation,
infections were identified as the primary complication,
with 206 patients (77.2%) experiencing at least one
episode of infectious events. GVHD emerged as the
second most common complication during the post-
transplant period.

Among the patients, 33 (12.4%) were diagnosed with
acute GVHD, while chronic GVHD was observed in 98
(36.7%) cases. During the posttransplant follow-up, a total
of 103 patients (38.6%) passed away. Within the initial 30
days after transplantation, 24 patients (9%) succumbed,
while 12 patients (4.4%) passed away within the first 100
days post-transplantation. Fifty-five patients (20.6%)
experienced relapse during the follow-up period. The OS
and DFS were observed to be 90 months (range 52.3-
105.7) and 98 months (range 78.2-115.4), respectively.

Establishing the Threshold for Low Serum UA Levels

The median serum UA value in the entire cohort was
4.2 mg/dl (range 1.1-8.5). Based on ROC analysis, the
optimal cut-off value of UA to predict survival was
determined to be 4.4 mg/dl. At this cut-off value, UA
exhibited a sensitivity of 64.1%, a specificity of 51.2%
(p=0.022), and an accuracy of 56.18% for predicting

mortality. The area under the curve (AUC) was computed
to be 0.583 (95% Cl: 0.514-0.652; p<0.05).

Table 1. Patient characteristics

Variables
Age, years (<40/240)
Gender (male/female)

Results, n (%)
183 (68.5)/84 (31.5)
153 (57.3)/114 (42.7)

Diagnosis
Acute leukemia 198 (74.2)
Lymphoproliferative diseases 29 (10.9)
Other diseases 40 (15)

Sex mismatch

(standard risk/high risk) 166 (62.2)/101(37.8)

Risk group

(standard risk/ high risk) 143 (53.6)/124 (46.4)

Time to transplant
(<12 months/>12months)
Conditioning regimen

198(74.2)/69(25.8)

MAC 208 (77.9)
NonMAC 26 (9.7)
RIC 16 (6.0)
MISSING 17 (6.4)
HLA match
Full match 219 (82)
Mismatch 45 (16.9)
Unreleated 3(1.1)
CD 34*count, 10%/kg, median
7.01(2.7-19.2)
(range)
Uric acid at HSCT
Median in mg/dl (range) 4.2 (1.1-8.5)
Infection (yes) 206 (77.2)
Acute GVHD (yes) 33 (12.4)
Chronic GVHD (yes) 98 (36.7)
GVHD (yes) 123 (46.1)

98 (78.2-115.4)
90 (52.3-105.7)
12 (4.5)

24 (9)

DFS: disease-freesurvival; GVHD: graft-versus-
hostdisease; HLA: human leukocyte antigen; OS:overall
survival; m: month; MAC: myeloablative; NonMAC:

DFS, m, median (range)

0S, m, median (range)

Peri-transplant mortality

Early-transplant mortality

nonmyeloablative; RIC: reduced intensity conditioning;
HR: hazard ratio; Cl: confidence interval

The association of OS with low serum UA levels

The median OS for patients with serum UA levels <4.4
mg/dL was 73.8 months (range, 31.35-116.2), whereas it
was 101 months (range, 79.9-127.3) for those with serum
UA levels >4.4 mg/dL. Our analysis revealed a significantly
poorer OS among patients with low serum UA levels
(p=0.029, Figure 1).
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Figure 1. Patients with serum uric aci levels <4,4 mg/dl had
significantly lower overall survival compared with those with

serum uric acid levels >4,4 mg/dl (p=0,029)

Both

univariate

and

univariate analyses are presented

multivariate
demonstrated that patients with serum UA levels <4.4
mg/dL exhibited significantly lower OS compared to those
with levels >4.4 mg/dL (univariate hazard ratio [HR] for
0S: 1.55, 95% Cl: 1.04-2.33, p=0.031; multivariate HR:
1.57,95% Cl: 1.04-2.39, p=0.032), suggesting a heightened
risk of mortality among patients with low serum UA levels
<4.4 mg/dL. Detailed results of both multivariate and
in Table 2.
conclusion, low serum UA levels prior to allo-HSCT

analyses

represent an independent risk factor for mortality.

Table 2. Univariate and multivariate analysis of parameters for overall survival (OS)

Variables (013
Univariate Multiple
HR (95% ClI) p HR (95% ClI) p

Age, years

<40 1.00

>40 1.022 (0.67-1.54) 0.918 - -
Gender

Male 1.00

Female 1.444 (0.98-2.13) 0.062 - -
Diagnosis

Other diseases 1.00

Acute leukemia 1.064 (0.59-1.91) 0.836 - -

Lymphoproliferative diseases 1.357 (0.63-2.93) 0.437 - -
Sex mismatch

Standard risk 1.00

High risk 1.053 (0.71-1.56) - -
Disease status

Standard risk 1.00

High risk 1.229(0.82-1.83) 0.316 - -
Conditioning regimen

RIC 1.00

NonMAC 1.842 (0.57-5.98 0.310 - -

MAC 1.814 (0.67-4.95 0.245 - -
Time to transplant

<12months 1.00

212 months 1.686 (1.12-2.54) 0.012* 1.552 (1.03-2.34) 0.037*
HLA Match

Full Match 1.00 1.00

MisMatch 2.270 (1.45-3.55) 0.001%** 2.366 (1.48-3.79) 0.000**

Unrelated 3.502 (0.86-14.35) 0.081 3.759(0.91-15.46) 0.066
Uric asid

>4.4 1.00

<4.4 1.558 (1.04-2.33) 0.031* 1.577 (1.04-2.39) 0.032*
CD34* Count 1.019 (0.94-1.11) 0.659 - -
Infection (yes/no) 1.353 (0.83-2.20) 0.225 - -
Acute GVHD (yes) 1.670(1.03-2.78) 0.048* 1.539 (0.91-2.59) 0.107
Chronic GVHD (yes) 0.601 (0.39-0.91) 0.017* 0.593 (0.38-0.91) 0.016*
GVHD (no) 0.831 (0.56-1.23) 0,349 - -

GVHD: graft-versus-host disease; HLA: human leukocyte antigen; RIC: reduced intensity conditioning; HR: hazard
ratio; Cl: confidence interval; * p<0.05, **p<0.01
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In the multivariate analysis, risk factors associated with
OS included HLA mismatched donor (HR 2.36, 95% Cl: 1.48-
3.79, p=0.001), time to transplant interval (HR 1.55, 95% Cl:
1.03-2.34, p=0.037), and the presence of chronic GVHD (HR
0.59, 95% Cl: 0.38-0.91, p=0.032). Parameters such as age,
gender, diagnosis, gender mismatch, disease status,
conditioning regimens, presence of infection, and the
number of total infused CD34+ cells did not show a significant
effect on OS (p>0.05).

The association of DFS with low serum UA levels

The median DFS for patients who had serum UA levels of
<4.4 mg/dl was 83.2 (range, 72.9-93.4) months versus 115.9
(range, 104.2-127.3) months for patients with serum uric acid
levels >4.4 mg/dl.

The disease-free survival rate was significantly lower in
patients with UA levels were <4.4 mg/dl than those with UA
levels >4.4 mg/dl (figure 2, DFS univariate HR 1.72, 95% Cl:
1.09-3.01, p=0.044; multivariate HR 1.68, 95% Cl: 1.03-3.06,

p=0.045).

Table 3. Univariate and multivariate analysis of parameters for disease-free survival (DFS)

Variables DFS
Univariate Multiple
HR (95% ClI) p HR (95% ClI) 4]

Age, years

<40 1.00 1.00

240 0.462 (0.23-0.92) 0.027* 0.431 (0.21-0.87) 0.018*
Gender

Male 1.00 1.00

Female 1.667(0.98-2.83 0.059 1.932 (1.09-3.44) 0.025*
Diagnosis

Other diseases ¥ 0.956 - -

Acute leukemia 0.63(0.29-1.23) 0.166 - -

Lymphoproliferative diseases 1.00
Sex mismatch

Standard risk 1.00

High risk 0.778 (0.44-1.39) 0.384 - -
Disease status

Standard risk 1.00

High risk 1.145 (1.25-3.69) 0,006** 2.456 (1.35-4.47) 0,003**
Conditioning regimen

RIC 1.00

NonMAC ¥ 0.967 - -

MAC 1.330(0.41-4.27) 0.632 - -
Time to transplant

<12months 1.00 1.00

>12 months 1.928 (1.11-3.34) 0,019* 1.921 (1.07-3.44) 0.028*
HLA Match

Full Match 1.00 1.00

MisMatch 2.189 (1.16-4.09) 0.014* 1.311 (0.59-2.88) 0.501

Unrelated ¥ 0.977 0.977
Uric asid

>4.4 1.00 1.00

<4.4 1.726 (1.09-3.01) 0.044* 1.686 (1.03-3.06) 0.045*
CD34* Count 1.087 (0.97-1.22) 0.145 - -
Infection (yes/no) 1.065 (0.57-1.98) 0.843 - -
Acute GVHD (yes) 1.731 (0.87-3.44) 0.118 - -
Chronic GVHD (yes) 1.058 (0.62-1.80) 0.836 - -
GVHD (no) 1.204 (0.71-2.05) 0.493 - -

GVHD: graft-versus-hostdisease; HLA: human leukocyte antigen; OS:overall survival; MAC: myeloablative; NonMAC:
nonmyeloablative; RIC: reduced intensity conditioning; HR: hazard ratio; Cl: confidence interval; *<0.05; **<0.01; #:
HR could not be computed because all cases were censored in this group
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Figure 2. Patients with serum uric aci levels <4,4 mg/dl had
significantly lower disease-free survival compared with
those with serum uric acid levels >4,4 mg/dl (p=0,045)

Additional factors showing notable differences among
groups were age, with patients older than 40 years having
an increased risk compared to those younger than 40
years (HR 0.43, 95% Cl1 0.21-0.87; p=0.018); gender, where
females faced a higher risk compared to males (HR 1.93,
95% Cl 1.09-3.44; p=0.025); risk status, wherein patients
with high transplantation-associated risk had significantly
lower DFS compared to those with standard
transplantation-associated risk (HR 2.45, 95% Cl 1.35-
4.47; p=0.003); and time to transplant interval, with
patients undergoing allo-HSCT within 12 months from
diagnosis (<12 months) having higher DFS compared to
those undergoing allo-HSCT more than 12 months from
diagnosis (212 months) (HR 1.92, 95% Cl 1.09-3.44;
p=0.028). The diagnostic parameters, gender mismatch,
conditioning regimens, presence of infection, acute
GVHD, chronic GVHD, and the total number of infused
CD34+ cells did not exhibit a significant effect on OS
(p>0.05). The multivariate and univariate analyses of
variables for DFS are presented in Table 3.

Discussion

The attributes of both patients and donors before
transplantation, along with factors occurring after
transplantation, serve as crucial predictors of outcomes
for allo-HSCT recipients. Many recipients remain in close
proximity to the transplant center during the initial 90-100
days post-transplantation. Therefore, establishing
prognostic factors is essential for identifying patients at
high risk of poor outcomes. This study primarily focused
on evaluating the predictive significance  of
pretransplantation low serum UA levels on the outcomes
of patients who have undergone allo-HSCT during the
post-transplant period. Recent research indicates that
hypouricemia is associated with various inflammatory and
degenerative  diseases.’®222*  The link between
hypouricemia and reduced antioxidative capacity has
been noted. Toxicity induced by oxygen radicals initiates a
chain reaction of lipid peroxidation, which in turn leads to

damage to DNA, RNA, proteins, cellular membranes, and
cellular organization.® In a study by Waring et al.?, it was
shown that elevated UA concentrations were linked to
heightened serum antioxidant capacity and decreased
oxidative stress during acute physical exercise in a group
of twenty healthy subjects. UA is considered the
predominant natural antioxidant in peripheral blood.
Hence, our initial hypothesis primarily aimed to uncover
any potential association between low serum UA levels
and survival.

In our study, we conducted a retrospective analysis of
data from 267 recipients of allo-HSCT to explore the
relationship between serum UA levels and key transplant
outcomes. We discovered that pretransplant low serum UA
levels in allo-HSCT recipients were linked to inferior survival.
This association could be explained by the reduced
antioxidative capacity. Our findings align with those reported
in the study by Ghasemi and colleagues.l” The research
findings indicated that serum UA levels falling below 3.4
mg/dl were linked to heightened mortality risk and
diminished OS, with 3.4 mg/dl identified as the threshold
value for serum UA level. Moreover, their findings revealed
that patients exhibiting serum UA levels exceeding 3.4 mg/d|
experienced a 37% reduced probability of developing GVHD,
a significant factor contributing to transplant-related
mortality (TRM).

Consistent with existing literature, our study also
identified a higher mortality rate among patients who
developed chronic GVHD following allo-HSCT (p=0.016).

In a separate study, Ostendorf et al.1® demonstrated a
notable correlation between low UA levels and the
occurrence of acute GVHD. However, they did not find a
significant association between low UA levels and OS or
relapse. The lack of statistical significance regarding survival
and serum UA levels in their study might be attributed to its
single-center, retrospective design and inclusion of HLA-
matched transplant recipients. The reduced antioxidative
capacity attributed to hypouricemia may explain the inverse
correlation observed between UA levels and GVHD in both
studies (Ghasemi et al.}” and Ostendorf et al.'®), as well as the
lower OS outcome reported in the former study.

Our results diverge from those reported in a prior
prospective study by Penack et al.?® Their research
indicated that elevated UA levels prior to the
commencement of conditioning correlated with increased
mortality post-allo-HSCT. However, their study design
varied as it was prospective and concentrated solely on
allo-HSCT from HLA-identical sibling donors. Hence, they
could not extrapolate conclusions from these results
regarding the association between UA levels and
outcomes in matched unrelated donor allo-HSCT or
haploidentical allo-HSCT.

In our study, the time elapsed before transplantation
emerged as a significant predictor for both OS and DFS.
This could be attributed to some patients attaining
remission earlier due to the efficacy of first or second-line
chemotherapy regimens. It's important to note that
patients resistant to chemotherapy underwent allo-HSCT
at a later stage compared to those who achieved
remission with first-line regimens. Particularly, patients
transplanted within the early group (<12 months)
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exhibited prolonged survival compared to those in the late
group (212 months). This disparity was statistically
significant for both OS and DFS (p=0.037 and p=0.028,
respectively). Our study encountered several limitations:
1) It was conducted retrospectively at a single-center
university hospital, making it challenging to ascertain the
specific causes of death or infections. Therefore,
additional multicenter studies may offer more
comprehensive data concerning the relationship between
serum UA levels and transplant outcomes. 2) Another
limitation of our findings is that UA participates in complex
reactions with various oxidants, potentially generating
free radicals in diverse radical-forming systems. These
radicals primarily target lipids (LDL and membranes)
rather than other cellular components. Simultaneously,
the hydrophobic environment created by lipids presents
challenges to the antioxidant properties of UA.
Furthermore, oxidized lipids may convert UA into an
oxidant, contributing to cellular oxidative damage. The
mechanisms underlying these reactions are intricate and
not yet fully understood.?” While a previous retrospective
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ABSTRACT

Objective

Aortic stenosis (AS) is the most common valvular heart disease requiring intervention, particularly in developed countries. Transcatheter aortic
valve replacement (TAVR) is indicated for patients with a high surgical risk and a post-procedural survival expectancy of more than 12 months.
Over the years, the TAVR method has emerged as a significant treatment option for patients with symptomatic severe AS and has begun to be
implemented in our country as well. The objective of this study was to evaluate the short and long-term outcomes of patients undergoing TAVR
atour center, as well as to assess our institution's experience with the TAVR procedure.

Methods

This retrospective, single-center analysis included 16 consecutive patients with symptomatic AS who underwent TAVR between March 2022
and February 2024. All patients included in the study underwent implantation of a balloon-expandable TAVR valve. In the study, the
demographic characteristics of patients preoperatively and during post-procedural follow-ups, their clinical status preoperatively and
postoperatively, and echocardiographic findings were evaluated and compared.

Results

The mean age of the entire population was 78.3 + 8.7 years, and 50% were women. Transfemoral access was used in 93.8% of patients.
Implantation success was achieved in all cases. During the TAVI procedure, 12.5% of patients required permanent pacemaker implantation.
The mean length of hospital stay for the entire cohort was 4.5+2.3 days. There wasn’t show in-hospital deaths occurred before hospital
discharge. During the follow-up, it was observed that 3 patients died from all-cause mortality. The mean follow-up duration of the study was
552 days, with the longest follow-up being 666 days. The significant improvement was noted in all echocardiographic parameters and functional
capacity. No cases with moderate or severe aortic regurgitation, necessitating additional procedures.

Conclusion

Our center results with TAVR over a 2-year span consistent with broader studies. Despite some procedure-related complications,
advancements in devices and techniques are expected to reduce these, enhancing outcomes with increased procedural experience. With
medicine favoring less invasive approaches, TAVR is poised to become a more prevalent alternative to surgery across diverse patient cohorts.
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OZET

Amag

Aort darligi (AD), 6zellikle gelismis tilkelerde miidahale gerektiren en yaygin kapak hastaligidir. Transkateter aort kapak replasmani (TAVR),
yuksek cerrahirisk tasiyan ve islem sonrasi 12 aydan fazla sagkalim beklentisi olan hastalarda endikedir. Yillar iginde, TAVR yontemi semptomatik
ciddi AD'li hastalar icin 6nemli bir tedavi secenegi olarak ortaya gikmis ve tlkemizde de uygulanmaya baglanmistir. Bu galismanin amaci,
merkezimizde TAVR gegiren hastalarin kisa ve uzun vadeli sonuglarini degerlendirmek ve TAVR prosediirii ile kurum deneyimimizi
degerlendirmektir.

Yontem

Bu retrospektif, tek merkezli analiz, Mart 2022 ile Subat 2024 arasinda TAVR gegiren 16 ardigik semptomatik AD'li hastayi igerdi. Calismaya dahil
edilen tim hastalar, balon genigletilebilir bir TAVR kapak implantasyonu gegirdi. Calismada, hastalarin preoperatif ve postoperatif takiplerinde
demografik 6zellikleri, klinik durumlari ve ekokardiyografik bulgulari degerlendirilip karsilagtirildi.

Bulgular

Tiim popiilasyonun ortalama yasi 78.3 + 8.7 yil idi ve %50'si kadindi. Hastalarin %93.8'inde transfemoral erisim kullanildi. implantasyon basarisi
ttim vakalarda saglandi. TAVI islemi sirasinda hastalarin %12.5'ine kalici kalp piliimplantasyonu gerekti. Tiim kohort icin hastanede kalis stiresinin
ortalama uzunlugu 4.5 * 2.3 glin idi. Hastane taburculugundan 6nce hicbir hastanede 6liim olmadi. Takip sirasinda, 3 hastanin tim nedenlere
bagl olarak oldigu goruldu. Calismanin ortalama takip stresi 552 giin olup, en uzun takip slresi 666 giindi. Tum ekokardiyografik
parametrelerde ve fonksiyonel kapasitede belirgin bir iyilesme gozlendi. Ek prosedur gerektiren orta veya siddetli aort yetersizligi vakasi
bulunmadi.

Sonug

Merkezimizdeki TAVR sonuglari, daha genis galismalarla tutarlidir. Bazi prosedirle ilgili komplikasyonlara ragmen, cihaz ve tekniklerdeki
ilerlemelerin bunlari azaltmasi ve prosedur deneyimi arttikga sonuglarin gelistirilmesi beklenmektedir. Tibbin daha az invaziv yaklagimlari tercih
etmesiyle, TAVR'in farkli hasta gruplari arasinda cerrahiye alternatif olarak daha yaygin bir segenek haline gelmesi beklenmektedir.
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Introduction

Aortic stenosis (AS) is the most common valvular heart
disease requiring intervention, particularly in developed
countries.! Degeneration resulting from calcification is the
most common cause of AS, and its prevalence is increasing
with the ageing population2 In a community-based
echocardiographic study, severe calcific AS was found in 2% of
adults aged 65 and older, while aortic valve sclerosis associated
with ageing but without significant stenosis was detected in
29%.3 Approximately two-thirds of all cardiac valve surgical
interventions are aortic valve replacements (AVR), with the
aetiology mostly being aortic stenosis.!

In patients with valvular aortic stenosis, the decision for
medical or interventional treatment is based on identifying the
underlying cause and grading the severity of the valve
stenosis.* In asymptomatic AS patients, once symptoms occur,
regardless of the symptom level, survival worsens if the
stenosis is not relieved. The time from the onset of symptoms
to death in untreated patients can be as short as 2 years. In
symptomatic severe AS patients, effective treatment that
improves symptoms increases survival, and enhances exercise
capacity is surgical or transcatheter aortic valve replacement
(AVR).> The choice of intervention type in patients planned for
aortic valve replacement depends on a comprehensive
evaluation of patient characteristics, scoring systems, and
comorbidities that pose surgical risk. Transcatheter aortic
valve replacement (TAVR) is indicated for patients with a high
surgical risk and a post-procedural survival expectancy of more
than 12 months.* Randomized controlled trials have shown
that in symptomatic severe AS patients who are inoperable
surgically, TAVR reduces both mortality and hospitalizations
compared to standard treatment.’

Over the years, the TAVR method has emerged as a
significant treatment option for patients with symptomatic
severe AS and has begun to be implemented in our country as
well. Since 2022, the TAVR procedure has been initiated in our
centre for all eligible patients. Considering that the success of
the TAVR procedure increases with centre experience and
comprehensive evaluation of the patient by the heart team,
we aimed to evaluate the short and long-term follow-up
results of patients undergoing TAVR in our centre and assess
our centre's experience in this study.

Material and Methods

The study included patients who underwent TAVR with a
diagnosis of severe AS at the Cardiology Clinic of Sivas
Cumhuriyet Faculty of Medicine Hospital between March 2022
and February 2024. Our study was conducted in accordance
with the Helsinki Declaration, and written consent was
obtained from all patients with approval from the Sivas

Cumhuriyet Ethics Committee with approval number
2024/03-19.
The interventional procedures for patients were

performed by operators in our hospital's Cardiology Clinic. The
diagnosis of severe aortic stenosis was established through
echocardiographic evaluation (using GE Healthcare Vivid S70N
GE Ultrasound, Norway) and clinical assessment by current
guidelines. Patients diagnosed with symptomatic severe aortic
stenosis were evaluated by the cardiology-cardiovascular

surgery council to determine the intervention method. All
patients were assessed by the Heart Team with the use of
validated score systems including the Society of Thoracic
Surgery (STS) risk score, and determined patient suitability for
SAVR, TAVI or medical therapy. During the preoperative
period, patients underwent coronary angiography performed
by an invasive cardiologist. Significant coronary artery disease
(CAD) was defined as =50% stenosis. Patients with >70%
stenosis and deemed suitable for percutaneous coronary
intervention underwent coronary revascularization. The aortic
valve structure, degree of calcification, aortic anatomy, and
peripheral arteries of the patients were evaluated by
angiographic imaging using multidetector computed
tomography (MDCT) by an expert radiologist. Planned valve
measurements were calculated using the 3Mensio program
guided by CT images. All patients were informed about the
TAVR procedure before undergoing it, and consent was
obtained from them or their relatives.

In the study, the demographic characteristics of patients
preoperatively and during post-procedural follow-ups, their
clinical status preoperatively and postoperatively, and
echocardiographic findings (left ventricular end-systolic and
end-diastolic diameters [LVESD, LVEDD], left ventricular
ejection fraction [LVEF], left atrial diameter, systolic pulmonary
artery pressure, aortic valve area [AVA], aortic valve gradients,
and velocities) were evaluated and compared. Procedural
characteristics and any complications that occurred were
recorded. Patients were assessed at regular outpatient clinic
visits using echocardiographic, clinical, and laboratory
parameters. Parameters at the last follow-up were compared
with preoperative parameters. Mortality data occurring within
the hospital or during follow-ups were recorded.

Implantation Procedure

The TAVR procedure was performed in the catheterization
laboratory with the presence of an anesthesiologist, a
cardiovascular surgeon, and an invasive cardiologist, under full
sedation. Sedaoanalgesia was initiated with midazolam (0.1
mg/kg/dose by slow intravenous infusion, maximum 10 mg)
and continued with ketamine (1 mg/kg/dose by slow
intravenous bolus, maximum 100 mg). The transfemoral route
was prioritized for intervention in patients. In one patient
deemed unsuitable for femoral access, the procedure was
performed via the left subclavian artery approach. At the
beginning of the procedure, sheaths were inserted into the
femoral artery and femoral vein of the patients. Surgical cut-
down incisions were not made during femoral artery
interventions. All procedures were performed using vascular
closure devices. A temporary pacemaker electrode was
inserted into the right ventricle through the femoral vein.
Following the crossing of the aortic valve, balloon-expandable
MyVal TAVR valves of appropriate sizes were deployed in all
patients under rapid pacing. Post-dilatation with a balloon was
performed in patients showing non-central aortic
regurgitation (AR) on aortography. Hemostasis was achieved
in the femoral artery using vascular closure devices, and the
procedures were concluded. Patients were closely monitored
in the intensive care unit post-procedure to monitor for the
development of temporary pacemaker requirements,
pericardial effusion, or hemodynamic deterioration. Patients
continued to receive aspirin and clopidogrel as antiplatelet
therapy in the postoperative period.
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Statistical Analysis

Statistical analyses were conducted using the SPSS program
(version 29.0, Inc., Chicago, lllinois). Clinical and laboratory data
of patients were expressed as mean * standard deviation,
median (interquartile range), and percentage (%). Wilcoxon test,
a nonparametric test, was used for comparing pre- and post-
procedural parameters, while the Student's t-test was utilized
for comparing means of parametric variables.

Results

The study included 16 patients who underwent TAVR at our
centre, with a mean age of 78.3 + 8.7 years. Eight (50%) of the
patients were female. The median follow-up duration was found
to be 552 days. The demographic characteristics of patients,
comorbidities, and medications used during the preoperative
period are presented in Table 1. Hypertension (HT) and coronary
artery disease (CAD) were present in 15 (93.8%) of the patients,
heart failure (HF) in 7 (43.8%), and atrial fibrillation (AF) in 5
(31.3%). Among the patients, 9 (56.3%) were using beta-
blockers, 8 (50%) were on loop diuretics, 7 (43.8%) were taking
renin-angiotensin system inhibitors (RASi), and 4 (25%) were on
oral anticoagulant therapy.

When evaluating the preprocedural echocardiographic
characteristics of the patients, the mean LVEF was found to be
52% + 8, the mean aortic jet velocity was 4.1 £ 0.6 m/s, the mean
aortic valve gradient was 54.4 £ 15.0 mmHg, and the mean
aortic valve area was 0.78 + 0.14 cm? (Table 2). The mean QRS
duration pre-procedure was 100 + 30 ms, and the mean PR
duration was 97 + 52 ms (Table 2). Pre-procedural laboratory
parameters of the patients are summarized in Table 2.

All patients included in the study underwent implantation of
a balloon-expandable TAVR valve. Transfemoral access was
used in 15 (93.8%) patients, while subclavian access was utilized
in 1 patient. The most common valve size chosen was 26mm
(56.3%). Post-dilatation was performed in 6 (37.5%) patients due

Table 1. Clinical characteristics of patients

to paravalvular AR observed after implantation. Positive
inotropic agents were used in 3 (18.8%) patients due to
hypotension or bradycardia during the procedure. No mortality,
malign tachycardia, or need for resuscitation occurred in any
patient during the procedure. Pericardial effusion not causing
hemodynamic compromise was observed in 4 (25%) patients
during follow-up. None of these patients underwent
pericardiocentesis and were conservatively managed. Two
patients required temporary hemodialysis during the in-hospital
period post-procedure, but their hemodialysis needs ceased
upon discharge. Atrioventricular block requiring pacemaker
implantation was observed in 2 patients post-procedure.
Permanent pacemaker implantation was performed without
complications in these patients. Detailed procedural
information and post-procedural complications are shown in
Table 3. In our study, one patient required percutaneous
coronary intervention due to coronary artery disease (non ST
elevation myocardial infarction) during the follow-up period, 3
months after valve implantation, and successful left anterior
descending artery revascularization was performed. The patient
was discharged without any complications after the procedure.

The postoperative and follow-up echocardiographic findings
of the patients are presented in Table 2. According to this, no
patient had severe AR during follow-up after the procedure,
while mild AR was observed in 2 patients. It was noted that NT-
proBNP values decreased and QRS and PR intervals were slightly
prolonged compared to pre-procedure values, but this did not
have clinical significance and did not require additional
intervention.

During the follow-up, it was observed that 3 patients died
from all-cause mortality. The cause of death was sudden cardiac
death in two patients, while one patient died due to septic shock
and multiorgan failure that developed after pneumonia. The
mean follow-up duration of the study was 552 days, with the
longest follow-up being 666 days. Among the deceased patients
in the study, the earliest mortality was observed on the 178th
day.

Baseline characteristics
Age (years)
Female, n (%)
Hypertension, n (%)
Heart failure, n (%)
Diabetes mellitus, n (%)
Coronary artery disease, n (%)
Dyslipidemia, n (%)
Atrial fibrillation, n (%)
Chronic obstructive pulmonary disease, n (%)
Cerebrovascular disease, n (%)
Chronic kidney disease, n (%)
Periferal artery disease, n (%)

Preprocedure medications
Beta-blocker, n (%)
Renin-angiotensin system inhibitors, n (%)
Mineralocorticoid receptor antagonists, n (%)
Sodium-glucose cotransporter-2 inhibitors n (%)
Loop diuretics, n (%)
Oral anticoagulants, n (%)
Statins, n (%)

78.3+8.7
8 (50.0)
15 (93.8)
7 (43.8)
8 (50.0)
15 (93.8)
11 (68.8)
5(31.3)
7 (43.8)
10 (62.5)
2 (12.5)
3(18.8)

9 (56.3)
7 (43.8)
1(6.3)

4 (25.0)
8 (50.0)
4 (25.0)
8 (50.0)
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Table 2. Echocardiographic and laboratory findings before the procedure and at the last follow-up

Preprocedure Follow-up
Left ventricle ejection fraction (%) 52+8 52+9
LVDD (mm) 47.7+4.3 47.2+4.7
Left atrium diameter (mm) 45.5+3.6 46.3+4.4
IVS (mm) 129+2.8 12314
Aortic velocity (m/s) 41106 2.0+0.4
Maximum aortic gradient (mmHg) 86.6+23.9 19.7+5.1
Mean aortic gradient (mmHg) 54.4 +15.0 10.6+2.6
Aortic valve area (cm?) 0.78+0.14
Aortic annulus diameters (mm)* 243+2.8
SPAP (mmHg) 43.7£15.2 33.5+12.2
Moderate-Severe AR, n (%) 3(18.8) 0(0.0)
QRS duration (msn) 100 + 30 122 + 36
PR duration (msn) 97 £52 118 £ 54
Hemoglobine (g/dL) 122+1.8 11.3+1.7
Platelet 262 +95 200 + 63
NT-proBNP (pg/ml) 4,252 (274-7,919) 2,329 (787-7,754)
LDL 95+ 37 91.2+35.3

AR: aortic regurgitation, IVS: interventricular septum, LDL: low density lipoprotein, LVDD: left ventricle diastolic diameter, NT-proBNP: N-terminal
pro—b-type natriuretic peptide, sPAP: systolic pulmonary artery pressure.
*: calculated with computed tomography

Table 3. Procedural specifics and outcomes in individuals undergoing TAVR

Procedure details

STS Score 44+13
Acces site, n (%)
- Right femoral 14 (87.5)
- Left femoral 1(6.3)
- Subclavian 1(6.3)
Valve diameter
-21.5 mm 1(6.3)
-23 mm 2 (12.5)
-24.5mm 3(18.8)
-26 mm 9 (56.3)
-27.5mm 1(6.3)
Postdilatation, n (%) 6 (37.5)
Periprocedure inotropic support, n (%) 3(18.8)
Procedure related complications and outcomes
Pericardial effusion, n (%) 4 (25.0)
Hemodialysis, n (%) 2 (12.5)
Pacemaker implantation, n (%) 2 (12.5)
Blood transfusion, n (%) 2 (12.5)

Aortic regurgitation, n (%)

- Mild 2 (

- Moderate 0

- Severe 0(
Percutaneous coronary intervention, n (%) 1(
Major bleeding, n (%) 0(
Major vascular complication, n (%) 0(0.0)
Coronary obstruction, n (%) 0(
Annular rupture, n (%) 0(
Device embolization, n (%) (o]
Inhospital mortality, n (%) 0(
Mean follow-up time (day) 55
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Discussion

In our study, we evaluated the pre- and post-procedural
clinical, laboratory, and echocardiographic characteristics of
16 patients who underwent TAVR procedures at our centre
over approximately more than 2 years. Additionally, we
investigated perioperative and postoperative complications
as well as short and long-term mortality development. The
mean age of the patients included in the study was 78.3 + 8.7
years, and they had significant comorbid conditions
accompanying them.

When compared to current TAVR studies, our study
had similar characteristics in terms of mean age and
comorbid conditions.®®° Current guidelines prioritize
TAVR procedures, especially in the elderly population, but
increasing age and comorbidities also increase procedural
complications, thus increasing procedural risk factors.* In
our study group, hypertension, coronary artery disease,
and dyslipidemia were the most common comorbid
conditions, with heart failure diagnosed in 7 patients. It is
well-known that mortality and morbidity significantly
worsen with the onset of symptoms related to heart
failure, especially as symptoms of heart failure emerge in
patients with severe aortic stenosis.® Therefore, it is
crucial to assess the symptomatic status of the patient
before deciding on valve interventions. Similarly, the
development of heart failure is a parameter that predicts
adverse outcomes both related to the disease and the
TAVR procedure.

The mean LVEF was found to be 52 * 8 in our patient's
pre-procedure. When symptomes, findings, and LVEF were
evaluated together in the patients included in the study, it
was possible to classify the majority as having AS-HF. The
relatively high LVEF in our study patients may have
contributed to the low mortality and peri-procedural
complication rates.

In our study, the pre-procedural and follow-up
echocardiographic findings of patients were compared.
The most important parameters determining the success
of the TAVR procedure are the normalization of the aortic
valve gradient and an increase in the effective aortic valve
orifice area.'>1? In this regard, a significant decrease in
both maximum and mean aortic gradients was observed
in our patients. The durability of the valve is currently one
of the biggest concerns in TAVR procedures. In the current
literature, there is no apparent degeneration reported in
follow-ups extending up to 10 years.'®'* In our 2-year
follow-ups, there were no findings suggestive of
degeneration associated with gradient increase.

The presence of paravalvular AR post-TAVR is a key
determinant of procedural success and long-term outcomes.
Reports exist in the literature indicating that moderate or
severe paravalvular AR is observed in 1-10% of cases with
balloon-expandable valves.’> Factors such as proper valve
sizing, the application of predilation or postdilatation in
necessary cases, and the degree of aortic root calcification are
fundamental predictors of post-procedural AR formation. In
our patient group, there were no patients with moderate to
severe AR observed post-procedure or during follow-up. This

could be explained by relatively less calcification burden,
optimal valve sizing, and the application of postdilatation in
selected patients (37.5%).

Currently, there are two main types of valves available
for TAVR procedures: balloon-expandable and self-
expandable. Although there are some differences
between valve types in terms of procedural complications
and success, no significant differences have been
observed in outcomes.'®” We performed all our
procedures using balloon-expandable valve systems. It is
known that in balloon-expandable valve procedures,
complications requiring pacemaker placement due to
conduction disturbances occur less frequently.'®
Consistent with current literature, in our study,
conduction disturbances requiring permanent pacemaker
placement were observed in 12.5% of cases post-
procedure.

Current guidelines recommend transfemoral access as
the preferred vascular access route for TAVR procedures.
It is known that complication rates increase with the use
of alternative vascular access routes. The most significant
factor preventing the use of femoral access is the
presence of peripheral artery disease. Although three
(18.8%) of our patients had significant peripheral artery
disease, only one procedure was performed using an
alternative subclavian access route. In a study by Van
Mieghem et al., the risk of major vascular access site
complications was found to be above 10%, with arterial
sheath size and female gender being significant
determinants.’® In our patients, no major bleeding or
major vascular complications were observed either peri-
procedurally or post-procedurally. The absence of
bleeding complications, especially, is thought to be
associated with the use of post-procedural vascular
closure devices.

In large randomized controlled trials regarding
transcatheter aortic valve implantation, the 30-day
mortality rates have been found to range from 3.3% to
9.8%, while the 1-year mortality rates range from 14.2%
to 30.7%.2%2% In our study, with an average follow-up
period of 550 days, the overall mortality rate was found to
be 18.8%. This rate is consistent with current literature
data. It is evident that careful preoperative preparation,
proper management of comorbidities, and increased
procedural experience will lead to a decrease in both
postoperative complications and mortality. Therefore,
TAVR procedures should be performed carefully in
experienced centres. Although the results of our initial
experiences with TAVR procedures, both procedure-
related outcomes and follow-up results, are quite
satisfactory, it is important to note that during the follow-
up period, patients undergoing TAVR may require
additional cardiac and non-cardiac interventions and
treatments, given their age and other comorbid
conditions. In our study, one patient required
percutaneous coronary intervention due to coronary
artery disease during the follow-up period, and successful
revascularization was performed. There is a consensus
that the use of balloon-expandable valves facilitates
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coronary access. It should not be forgotten that TAVR
patients may require additional cardiac and non-cardiac
interventions and treatments during the follow-up period,
considering both their age and other comorbid conditions.

With the development of new devices and increased
experience, complications following TAVR have decreased
compared to the beginning. The most lethal complications
are associated with myocardial and major vascular
injuries. Left ventricular perforation leading to cardiac
tamponade occurs in approximately 2.5% of transfemoral
TAVR procedures, requiring emergency pericardiocentesis
and often emergency sternotomy. The frequency of wire
perforations, mostly seen in early experiences, decreases
as experience increases.’? In our study, pericardial
effusion developed in 4 patients (25%) after the
procedure, but tamponade did not occur during follow-
up. None of these patients underwent pericardiocentesis
and were conservatively monitored.

In a study conducted by Uguz and colleagues involving
patients who predominantly had two different valves
implanted via the transfemoral route, it was reported that
female gender, arterial calcification, and the
sheath/iliofemoral artery ratio were independent risk
factors for predicting vascular adverse events.?* This
study, conducted at an experienced center and including
211 patients, found a major vascular complication rate of
5.7%. The patients included in this study had a mean
logistic EuroSCORE value of 21.04. In our study, which
included a smaller patient group, no major vascular
complications occurred. This can be explained by the
selection of relatively lower-risk patients and the use of
percutaneous closure devices in all patients. Therefore, in
patients undergoing TAVI, the presence of conditions such
as arterial calcification or peripheral arterial disease
warrants greater caution regarding the risk of major
vascular complications.

Following TAVR, a decrease in left ventricular end-
diastolic pressure and gradients is expected to result in
decreased myocardial strain and a consequent reduction
in natriuretic peptide levels. It is known that natriuretic
peptide (NP) levels decrease after TAVR in the absence of
major complications.?* In our study, a significant decrease
in NP values was observed when comparing pre-and post-
procedural values. This phenomenon can be associated
with both the relaxation of the myocardium functionally
and hemodynamically and with improvements in
functional capacity and symptoms.

Our study has some limitations. Firstly, presenting a
single-centre experience results in a limited number of
patients. Additionally, the use of a single type of valve
system for TAVR procedures is another limitation.
Although there were no follow-up losses in our study, the
lack of standardized follow-up periods for all patients may
have affected the standardization of follow-up.
Furthermore, the data regarding medical treatments used
during follow-up are not clear.

Conclusion

According to current guidelines, patients with
indications for AVR who are deemed inoperable or at high
surgical risk, but with a life expectancy of more than 1
year, are recommended to undergo TAVR. The decision
for transcatheter aortic valve implantation should be
made by a heart team, taking into account factors such as
surgical risk, individual risk, technical feasibility of TAVR,
and patient preference. Our center adheres to these
recommendations, and the results of TAVR procedures
performed within a 2-year period are consistent with the
findings of other studies in this field. Despite the
development of some procedure-related complications, it
is anticipated that with the use of new devices and
procedural techniques, these complications will decrease,
and better outcomes will be achieved as experience with
the procedure increases. Considering the shift towards
less invasive treatment modalities in medicine, we believe
that TAVR will be used more frequently as an alternative
to surgical treatment in different patient groups in the
future.
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ABSTRACT

Objective: The aim of the present study is to investigate the anti-neurodegenerative effects of favipiravir, a RNA polymerase
inhibitor, and anakinra, an interleukin-1 receptor antagonist, on glutamate-induced cytotoxicity. Due to their heightened
sensitivity to glutamate, the hippocampal HT22 cell line were used.

Methods: Five groups of cells were established to examine the effects of anakinra and favipiravir on glutamate-induced
cytotoxicity. The control group received no treatment. The group induced with glutamate received 10 mM of glutamate for
24 hours. The anakinra group was exposed to different concentrations (1,10,25,50,100 pg) of anakinra for 24 hours. The
favipiravir group was exposed to different concentrations (1,10,25,50,100 pg) of favipiravir for 24 hours. The
anakinra+glutamate group was pre-treated with anakinra at various concentrations (1,10,25,50,100 ug) for 1 hour and then
exposed to 10 mM of glutamate for 24 hours. The favipiravir+glutamate group was pre-treated with favipiravir at various
concentrations (1,10,25,50,100 pg) for 1 hour and then exposed to 10 mM of glutamate for 24 hours. Effective doses were
subsequently determined, and combinations of anakinra+favipiravir+glutamate were applied.

Results: Viability was not affected by the application of different doses of favipiravir alone (p < 0.01 compared to the control
group). It was observed that the group treated with 100 pg anakinra showed higher viability compared to other groups (p
< 0.01 compared to glutamate). Viability was not affected by the application of different doses of anakinra alone (p< 0.01
compared to the control group). However, anakinra was observed to prevent the cytotoxicity induced by glutamate when
applied at 100 pg, exhibiting a protective effect against neurodegeneration at this dose. In the group where anakinra and
favipiravir were combined and applied with glutamate, anakinra showed a protective effect against glutamate toxicity, but
the combination of anakinra and favipiravir did not alter this effect.

Conclusion: More extensive animal and human studies are required to determine the clinical implications of these findings.

Keywords: Neurodegeneration, Hippocampal cell line, interleukin-1 receptor antagonist, RNA polymerase
inhibitor.
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OZET

Amag: Bu calismada bir RNA polimeraz inhibitdrii; favipravirin ve interlkin-1 reseptdrii antagonisti anakinranin,
hipokampal hiicrelerde glutamatla olusturulacak sitotoksisite Uzerine anti-nérodejeneratif etkilerinin arastiriimasi
amaglandi. Glutamata olan asiri duyarliligi nedeniyle HT22 hiicre hatti kullanildi.

Yontem: Kontrol, glutamat (10 mM), anakinra (1,10,25,50,100 pg), favipravir (1,10,25,50,100 pg) ve anakinra+favipravir
hticre gruplari olusturuldu Kontrol grubuna herhangi bir tedavi uygulanmadi. Glutamat ile indiiklenen grubun hiicrelerine
24 saat boyunca 10 mM glutamat verildi. Anakinra grubundaki hiicrelere 24 saat boyunca gesitli konsantrasyonlarda (1,10,
25, 50, 100 pg) anakinra verildi. Favipravir grubundaki hiicrelere 24 saat boyunca gesitli konsantrasyonlarda (1,10,25,50,100
ug) favipravir verildi. Anakinra+glutamat grubundaki hticreler, 1 saat boyunca farkl konsantrasyonlarda (1,10,25,50,100 ug)
anakinra ile 6n isleme tabi tutuldu ve ardindan 24 saat boyunca 10 mM glutamat uygulandi. Favipiravir+glutamat
grubundaki hiicreler, 1 saat boyunca farkli konsantrasyonlarda (1, 10, 25, 50,100 pg) favipiravir ile 6n isleme tabi tutuldu ve
ardindan 24 saat boyunca 10 mM glutamat uygulandi. Ardindan etkili dozlar belirlenerek anakinra+favipiavir+glutamattan
olusan kombinasyonlari uygulandi.

Bulgular: Yalnizca favipravirin farkll dozlarinin uygulanmasininda viabilite tizerinde herhangi bir etkisi gézlenmedi (p< 0.01
kontrole gore). 100 pg anakinra uygulanan grupta hiicre canliliginin diger gruplara gore daha fazla oldugu gozlendi (p<0.01
glutamata gore). Anakinranin farkl dozlarinin uygulanmasininda viabilite Gzerinde herhangi bir etkisi gozlenmedi (p< 0.01
kontrole gore). Sitotoksisitenin anakinra 100 pg uygulamasiyla 6nlendigi gézlendi. Anakinranin bu dozda nérodejenerasyon
Uzerine koruyucu etkisi izlendi. Anakinra+favipravir+glutamat kombine uygulanan grupta ise anakinranin glutamat
toksisitesine karst koruyucu fakat anakinra+favipravir kombinasyonu bu etkiyi degistirmedigi gozlendi.

Sonug: Ancak bu etkinin klinik agidan 6nemi icin daha detayli hayvan ve insan galismalarina gereksinim vardir.

Anahtar Kelimeler: Norodejenerasyon, Hipokampal hiicre hatti, interlokin-1 reseptor antagonisti, RNA
polimeraz inhibitora.
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Introduction

It is important to investigate the pathogenesis of
neurodegenerative diseases (NDD) and target cytokines and
molecules to develop new treatment strategies. To achieve
this aim, in vitro disease models, especially cell culture models
can be utilized. Cell culture studies can be carried outin normal
tissues or NDD models.

Glutamate is the primary excitatory neurotransmitter of
the central nervous system involved in various
neurophysiological functions. Disturbance of its homeostasis
can have deleterious effects on neurons, which may result in
cell death.! Called excitotoxicity, this pathological process can
induce degeneration of neurons following excessive excitation
of glutamate on specific ionotropic receptors. Activation of
these receptors can lead to a neuronal Ca? influx that can
mediate excitotoxicity through a series of events including
activation of various enzymes in free radical production,
mitochondrial dysfunction and normal cell development and
functions and damage cell membranes, cytoskeleton and
DNA.? Interestingly, excitotoxicity has been reported to be
involved in several neurodegenerative diseases such as
Alzheimer’s disease (AD) and multiple sclerosis.? In vitro and in
vivo studies have shown that excessive amounts of excitatory
amino acids like glutamate and their analogues cause
neurodegeneration.

It is known that glutamate produces acute and chronic
neurodegenerative conditions and initiate cell death.
Therefore, a healthy glutamate signal transmission is crucial for
protection of neurons. The phenomenon of excitotoxicity, i.e.
cell necrosis resulting from activation of excessive glutamate
on the surface receptors, has been associated with various
pathological conditions of the nervous system including
seizures, ischemia, anoxia, hypoglycemia and inflammation.
Since the introduction of the concept of excitotoxicity, the
fundamental dogma has been that glutamate-related cell
damage or death results from activation of excitatory amino
acid (EAA) receptors and these effects can be blocked by the
use of competitive or noncompetitive I-glutamate receptor
inhibitors.* Neurotoxicity secondary to exposure of neurons to
high extracellular glutamate concentrations can occur via two
different neuronal damage and death mechanisms. A short
exposure to glutamate (5-15 minutes) leads to neuronal
swelling, the breakdown of the cells and the release of lactate
dehydrogenase depending on extracellular Na* and CI
concentrations.* This information about excitotoxic cell death
is significant with respect to the role of glutamate in ischemic
or hypoglycemic neuronal damage.

Glutamate reuptake is essential for the regulation of
physiological extracellular glutamate concentrations and it is
primarily mediated by high-affinity sodium-dependent
transmitters. At least five different glutamate transmitters
expressed on neuronal or glial cells (GLT-1, GLAST, EAAC1,
EAAT4 and EAATS5) are well characterized ° and up to 90% of
the total glutamate reuptake is achieved in the adult central
nervous system.> Disruption of GLT-1 expression in a few
neurological diseases has been reported to be related to a
change in glutamate uptake.®

Due to its oversensitivity to glutamate, the hippocampal
HT22 cell line is used to model NDDs.37#° There have been

several studies on glutamate-induced cytotoxicity in cell
|ines'3,8,10,11

Anakinra, an interleukin-1 receptor antagonist, is used for
the prevention of inflammation in many autoinflammatory
diseases. In the present study, possible effects of anakinra on
inflammation and neurodegeneration in NDDs were
examined. Besides, the HT22 cell line was utilized to examine
the anti-inflammatory and/or anti-neurodegenerative effects
of favipiravir, a RNA polymerase inhibitor. In addition to
glutamate-induced cytotoxicity, cell viability was investigated.

Material and Methods

All steps of the study were completed in accordance with
ethical principles. Ethical approval for the study was obtained
from Sivas Cumhuriyet University Ethical Board of Non-
Interventional Clinical Research (approval date: 20 Oct., 2021;
approval number: 2021-10/39). The study was supported by
Sivas Cumbhuriyet University Scientific Research Projects
Coordination Unit (the project number: T-984).

HT22 (SCC129) cell line was obtained from Merck ® cell
collection and cultured in Dulbecco’s modified eagle medium
(DMEM) (Thermo Fisher Scientific, Altrincham, UK) containing
10% fetal bovine serum (FBS) (Sigma-Aldrich Co., St Louis, MO,
USA), 1% penicillin/streptomycin (Sigma Aldrich Co., St Louis,
MO, USA) and 1% L-glutamine. It was incubated under
appropriate conditions (at 37 °C and atmosphere humidified
with 5% CO2). The cells were passaged when they reached
80%-90% density. After passaging three times, the cells were
seeded in a 96-well plate with a cell density of 1-104 in each
well.

Anakinra, favipiravir and glutamate (Sigma-Aldrich Co., St
Louis, MO, ABD) were dissolved in DMEM and stock solutions
were formed before processing.

Cell groups were created to examine the effects of anakinra
and favipiravir on glutamate-induced cytotoxicity. The control
group did not receive any treatment. The cells of the glutamate-
induced group were administered 10mM glutamate for 24
hours. The cells in the anakinra group were administered
anakinra at various concentrations (1,10, 25, 50 and 100 uM) for
24 hours. The cells in the favipiravir group were administered
favipiravir at various concentrations (1, 10, 25, 50 and 100 puM)
for 24 hours. The cells in the anakinra + glutamate group were
pretreated with anakinra at various concentrations (1, 10, 25, 50
and 100 puM) for one hour and then were administered 10mM
glutamate for 24 hours. The cells in the favipiravir + glutamate
group were pretreated with favipiravir at various concentrations
for one hour and then administered 10 mM glutamate for 24
hours. After that, effective doses were determined and anakinra
+ favipiravir + glutamate combinations were administered.

Cell viability was evaluated by using the XTT test (Roche
Diagnostic, MA, USA). Initially, HT22 cells were seeded in 96-well
plates at the density of 1X104 cells in 100 uL DMEM per well and
incubated for 24 hours. Glutamate-induced cytotoxicity was
achieved as described before. Following 24-hours incubation,
96-well plate was removed and the wells were washed with
phosphate-buffered saline. Then 100 uL DMEM without phenol
red and 50 pL XTT were added to the wells and the plates were
kept at 37 °C for 4 hours. Absorbance values were determined
by using an ELISA microplate reader (Thermo Fisher Scientific,
Altrincham, UK) at 450 nm. All the experiments were conducted
three times and cell viability was expressed in percentages of live
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cells and compared with that of the control group (untreated
cells). Cell viability in the control group was considered as 100%.

All the measurements were performed three times.
Statistical analyses of obtained data were made with Statistical
Package Program for Social Sciences 23.0. Shapiro Wilk test
was utilized to determine whether the data were evenly
distributed. Mean and standard deviation were determined
for descriptive statistics. One-way ANOVA was adopted to
determine differences in the normally distributed data and
Kruskal-Wallis and Mann-Whitney U test were utilized for the
data without a normal distribution. Statistical significance was
set at p<0,05.

Results

After glutamate-induced excitotoxicity in the
hippocampal HT22 cell line, the effects of different
concentrations of anakinra alone, favipiravir alone and the
combinations of anakinra and favipiravir on cell viability
were examined (Figure 1, Figure 2, Figure 3). Percentages
of viable cells in the hippocampal HT22 cell line

administered anakinra alone, favipiravir alone and the
combination of anakinra and favipiravir were compared
with those in the control cell line.

Figure 1. Microscopic Views of the Hippocampal HT22 Cell Line Morphology after Glutamate-Induced
Excitotoxicity in Glutamate Group (A) and Control Group (B)

Figure 2. Microscopic Views of the Hippocampal HT22 Cell Line Morphology after Glutamate-Induced
Excitotoxicity in Anakinra 100 ug-administered Group (A) and Favipiravir 100 ug-administered Group (B)

Figure 3. Microscopic Views of the Hippocampal HT22 Cell Line Morphology after Glutamate-Induced
Excitotoxicity in Anakinra 100 ug and Glutamate-Administered Group (A), Favipiravir 100 ug and Glutamate-
Administered Group (B) and Anakinra 100 ug, Glutamate and Favipiravir 100 ug-Administered Group (C)



Sahin and Filiz. / CMJ, 2024;46(2): 136-142

When the effects of 100, 50, 25, 10 and 1 pM
concentrations of anakinra on cell viability in the HT22 cell
line after 10mM glutamate administration were evaluated,
the cell viability was found to be significantly higher in the
group administered anakinra 100 uM than in the other
groups (p < 0.01 compared to glutamate). In other words,
administration of different doses of anakinra alone did not
have an effect on cell viability (p< 0.01 compared to the
control group) (Figure 4).

Favipiravir at the doses of 100, 50, 25, 10 and 1 uM did
not have an effect on cell viability after the administration of

10 mM glutamate to the HT22 cell line. In other words,
different doses of favipiravir did not have an effect on cell
viability (p< 0.01 compared to the control group) (Figure 5)

In the group administered a combination of anakinra,
favipiravir and glutamate, anakinra 100 uM combined
with favipiravir 100, 50, 25, 10 and 1 100 pM and
glutamate 10 M was protective against glutamate toxicity,
but the combination of anakinra and favipiravir did not
change this effect (Figure 6).
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Figure 4. The Effect of Different Doses of Anakinra on Cell Viability in the HT22 Cell Line after Glutamate-Induced
Excitotoxicity (p < 0.01 compared to glutamate) (p< 0.01 compared to the control group)
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Figure 5. The Effect of Different Doses of Favipiravir on Cell Viability after Glutamate-Induced Excitotoxicity in
the HT22 Cell Line (p< 0.01 compared to the control group)
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Figure 6. The Effect of the Combination of Anakinra and Favipiravir on Glutamate-Induced Excitotoxicity in the
HT22 Cell Line

a; p< 0.01 compared to the control group
B; p< 0.01 compared to glutamate

Discussion

Hippocampal cells are sensitive to glutamate toxicity
and suitable for in vitro neurodegeneration modelling.
The present study aimed to examine the effects of
anakinra and favipiravir individually and in combination at
different concentrations on cell viability in glutamate-
induced excitotoxicity in the hippocampal HT22 cell line.

High doses of favipiravir were used for the treatment
of COVID-19 and anakinra, an anti-inflammatory drug
approved by the Turkish Ministry of Health, is used to
treat the patients developing respiratory failure when
oxygen saturation decreases in cases of cytokine storms.
Following COVID-19 infection, brain fog, which may also
include many cognitive dysfunctions like forgetfulness,
decreased attention and recalling and memory problems,
appears. It is not known whether brain fog results from an
inflammation involving glial cells, microglia and astrocytes
affected by a cytokine storm and neurodegeneration
accompanied by inflammation or neurodegeneration
related to toxicity caused by high doses of drugs used
individually or in combination. To our knowledge, none of
the prior studies have focused on this issue.

NDDs include a group of diseases encountered and
diagnosed at an increasing frequency today. Among the
primary NDDs are AD, amyotrophic lateral sclerosis,
Huntington’s disease and Parkinson’s disease.1213
Frontotemporal dementia and spinocerebellar ataxias have
also been considered as NDDs in some reports.!* While some
of these diseases can be characterized by memory and
cognition disorders, others can present as difficulties in
moving, speaking and breathing.* In vivo studies performed

to understand cellular and molecular etiopathogenesis of
these diseases can cause financial problems and waste of
time and require trained workforce and sophisticated
laboratory equipment. Therefore, in vitro studies on NDDs
have become more important.

Experimental studies on NDDs have used rats, fruit
flies, nematode worms and yeast cultures.* Besides,
there have been studies using pluripotent stem cells
recently.* Several studies have shown that protein
aggregates are transmitted from neuron to neuron and
have arole in the pathogenesis of NDDs. Moreover, recent
studies have revealed that excessive activation of
microglia and release of reactive oxygen radicals in
addition to environmental toxins and endogenous
proteins play a role in the development of NDDs.1>16

Several animal studies have attempted to showcase
functional, neurochemical and anatomic differences
between NDDs by employing positron emission
tomography (PET) and magnetic resonance imaging.t’
Furthermore, various rat models have been utilized to
perform preclinic imaging and examine neurovascular
components by means of PET and single-photon emission
computed tomography (SPECT).®® However, these
examinations are costly and impose additional temporal
and environmental burdens such as laboratories. There
are less costly and more molecular studies to replace
them. For instance, a study by Woerman has shown
transmission of florescent-labelled a-synuclein fibrils from
one neuron to another in a primary rat cell culture.’®

TREM2 variants, which play a role in the pathogenesis
of NDDs, have also been studied. TREM2 receptors are
expressed on various immune cells.?® The effect of
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interleukin-1 (IL-1), a proinflammatory cytokine, was
investigated in a rat AD model.?! It was suggested that
increased hippocampal IL-1 levels can have a relation with
memory problems in AD.%!

In the current study, the effect of different doses of
anakinra on cell viability in glutamate-induced
excitotoxicity in the HT22 hippocampal cells was
examined. The cell viability was higher in the group
administered anakinra 100 pM than in the groups
administered lower doses of anakinra (p< 0.01, compared
to glutamate). Administration of anakinra at lower doses
did not have an effect on cell viability.

Anakinra, an interleukin-1 antagonist, is used to treat
many inflammatory diseases now.?? It is important to
suppress both apoptosis, natural part of aging and not
recognized in daily life, and the inflammation developing
in neuronal cells for various reasons.

Cliteur et al. utilized recombinant human IL-1ra
(anakinra) to prevent microglial activation, inflammation
and brain damage in patients with spontaneous
intracerebral hemorrhage during the second phase of
their randomized clinical study.?> They divided the
patients into three groups: the first group received a high
dose of anakinra (500mg/day), the second group received
a low dose of anakinra (100mg/day) and the third group
received standard treatment. They found that the high
dose of anakinra could cross the blood-brain barrier and
could be useful in prevention of secondary
neuroinflammation.?® Consistent with their findings, the
present study showed that high doses of anakinra
protected HT22 hippocampal cell viability better. Anakinra
was also employed for the treatment of cytokine storms
that developed in COVID-19 infection.?* It is known that
anakinra is effective in inflammatory conditions
presenting as intracellular caspase activation and the
development of inflammasome complex.?

It was proposed that abnormal microRNA (miRNA)
levels can be related to the pathogenesis of many NDDs
(26). Especially miR-9-5p, miR-21-5p, miR-29, miR-132-3p,
miR-124-3p, miR-146a-5p, miR-155-5p, and miR-223-3p
were associated with the disease pathogenesis.?® Also,
genetic mutations in the progranulin gene played a role in
the loss of functions in familial frontotemporal
dementia.?”’

Proinflammatory mechanisms have been reported to
be involved even in the early stages of AD.?8 Especially the
role of cytokines like TNF-a and IL-1B has been
underscored. Effects of these cytokines on synaptic
plasticity have been shown in rat AD amyloidosis
models.?8 Mcc950, anakinra -an IL-1 receptor antagonist-
and etanercept -an anti-TNF-a agent- were utilized as an
NLRP3 inflammasome inhibitor.?® It has been reported
that IL-1 blockage through anakinra could be effective in
prevention of amyloidosis by inhibiting extracellular
transthyretin ~ accumulation and  apoptosis in
neurodegenerative diseases, especially AD.?5

It is stated in the literature that accumulation of
transthyretin and amyloid fibrils plays a role in the
pathogenesis of familial amyloidotic polyneuropathy
(FAP).2® IL-1 blockage with anakinra has been shown to
prevent transthyretin accumulation and toxicity in an
experimental FAP model -V30M FAP rat model.? Several
studies have also focused on the genetic regulation of
macroautophagy in NDD models.3%3! |In some animal
models of NDD, creatinine has been shown to be
neuroprotective.3? In vitro microfluidic models have been
considered important to gain insight into the
pathogenesis of NDDs.33

Favipiravir was used particularly for the antiviral

treatment of SARS-CoV-2 infection.3* Favipiravir, a
nucleoside  analogue originating from  prasine
carboxamide, inhibits viral polymerase.3* However,

further in vitro and in vivo studies are needed to elucidate
the effects of anakinra and favipiravir on
neuroinflammation and neurodegeneration.

Conclusion

None of the doses of favipiravir utilized in the present
study had an effect on cell viability in the HT22 cell line
following glutamate administration. Regarding the effect
of all the doses of anakinra utilized in this study, anakinra
100 pM was more effective in cell viability in the HT22 cell
line after glutamate administration than other doses of
anakinra (B < 0.01 compared to glutamate). In other
words, only administration of anakinra at different doses
(1 uM, 10 uM, 25 uM and 50 uM) had no effect on cell
viability. However, anakinra 100 uM was observed to
prevent cytotoxicity produced by glutamate in the HT22
cell line. It was protective against neurodegeneration. In
the group administered the combination of anakinra,
favipiravir and glutamate, at the doses of anakinra 100 uM
and favipiravir 100 uM, 50 pM, 25 uM, 10 uM and 1 pM
and glutamate 10 mM, anakinra was protective against
glutamate toxicity, but the combination of anakinra and
favipiravir did not alter this effect. In conclusion, high
doses of anakinra were observed to be protective against
excitotoxicity induced by glutamate in the HT22 cell line.
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Case Report ABSTRACT

Cardiac myxoma is the most commonly diagnosed benign cardiac tumor. It is usually located in the left atrium

History and typically arises from the foramen ovale in approximately 75% of the cases, in the right atrium in 23%, and in
the ventricles in only 2%. Symptoms depend on its size, mobility, and location. Neurological complications are

Received: 02/05/2023 seen in 20% to 25% of patients. Herein we present a case of right ventricular myxoma with patent foramen ovale

Accepted: 02/04/2024 which was complicated by stroke. The mass was surgically excised and patent foramen ovale was closed.
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inme ile Komplike Olan Sag Ventrikiil Miksomasi

Olgu Sunumu OZET

Streg Kardiyak miksoma kalbin en sik tani alan iyi huylu timorudir. Genellikle sol atrium iginde saptanir ve olgularin
%75’ inde tipik olarak fossa ovalisten, %23’ tinde sag atriumdan ve sadece %2’ sinde ventrikillerden kdken alir.
Belirtiler miksomanin boyutu, hareketlilik derecesi ve yerlestigi yere baglidir. Nérolojik komplikasyonlar
hastalarin %20-25’ inde gozlenir. Bu yazida sag ventrikil miksomaya eslik eden patent foramen ovale saptanan
ve inme ile komplike olan bir olgu sunuyoruz. Tedavide kardiyak kitle cerrahi olarak gikarildi ve patent foramen
ovale kapatildi.
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Introduction

Cardiac myxoma is the most commonly diagnosed
benign cardiac tumor. Myxomas are usually located in the
left atrium, and they typically arise from the foramen
ovale in approximately 75% of the cases, in the right
atrium in 23%, and in the ventricles in only 2%. Related
symptoms depend on their size, mobility, and location.
Neurological complications related with cardiac myxomas
are seen in approximately 20% -25% of patients.! Herein
we present a case of right ventricular myxoma with patent
foramen ovale which was complicated by stroke.

Case Report

A sixty-year-old female patient presented to the
outpatient clinic with exertional dyspnea and cough. Her
previous medical history had no positive features. Upon
physical examination, a systolic murmur was heard in the
left upper parasternal border. Twelve-lead ECG revealed
sinus rhythm with right axis deviation, tall R wave in V1,
anterior ST segment depression and T wave negativity
(Figure 1). Blood biochemistry and hemogram were
normal. High-sensitivity C-reactive protein was 45.4 mg/L
(N: 0-5 mg/L) and erythrocyte sedimentation rate was 25
mm/h (N: 0-30 mm/h). Transthoracic echocardiography
revealed a 4.6 x 5.5 cm mass attached to the right
ventricular outflow tract which protruded through the
pulmonic valve during systole (Figure 2). The mass caused
obstruction and CW-Doppler revealed approximately 36
mmHg systolic gradient in the right ventricular outflow
tract and pulmonary artery (Figure 3). Left ventricular

systolic functions were normal. There was moderate
tricuspid regurgitation. In the subcostal view, a small
patent foramen ovale (PFO) was detected with color
Doppler (Figure 4). Transesophageal echocardiography
and cardiac computerized tomography also revealed a
large right ventricular mass, protruding into main
pulmonary artery (Figure 5,6). There was no embolic
material in pulmonary artery branches. The patient was
discussed in the cardiology-cardiovascular surgery council
and surgery was planned. However, the patient developed
amnesia and slurred speech while waiting for the surgery
day. Diffusion cranial magnetic resonance revealed a 1-1.5
cm acute ischemic lesion in the left frontotemporal area.
24-hour Holter monitoring showed no atrial fibrillation.
Lower extremity venous Doppler and carotid and
vertebral ultrasound were normal. Antiplatelet therapy
was initiated. A preoperative coronary angiogram
revealed coronary artery plaques. After the acute phase
of the cerebral infarct, the cardiac mass was surgically
resected and PFO was closed. The surgically excised mass
was 4.5 x 5.8 cm in diameter. The macroscopic specimen
of the mass demonstrated a jelly like mass including
hemorrhagic areas. The microscopic examination
revealed stellate cells which were spreaded in a loose
myxoid stroma. There was no sign of pleomorphism,
mitosis or other features suggestive of malignancy. The
patient was diagnosed as right ventricular myxoma. The
postoperative period was uneventful. A control
echocardiogram was performed two months later, which
was completely normal (Figure 7). She had no neurologic
sequelae. We planned to follow the patient with annual
echocardiograms as long as she has no complaints.

Figure 1: Twelve-lead electrocardiogram reveals sinus rhythm with right axis deviation, tall R wave in V1,
anterior ST segment depression and T wave negativity.
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Figure 2: Transthoracic echocardiography revealing right ventricular mass protruding through the pulmonic
valve during systole. Parasternal short axis view. CM: Cardiac myxoma, AO: Aortic valve, PA: Pulmonary artery.
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Figure 3: CW-Doppler revealing approximately 36 mmHg systolic gradient in right ventricular outflow tract and
pulmonary artery. Parasternal short axis view.
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Figure 4: Transthoracic echocardiography revealing patent foramen ovale. Subcostal view. RA: Right atrium, LA:
Left atrium.
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Figure 5: Transesophageal echocardiographic image of the mass. AO: Aortic valve, RV: Right ventricle, M:
Myxoma
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Figure 6: Cardiac computerized tomography also revealed the right ventricular mass, protruding into main
pulmonary artery. PA: Pulmonary artery, RA: Right atrium, RV: Right ventricle, M: Myxoma.
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Figure 7: A control transthoracic echocardiogram was completely normal. Subcostal view. AV: Aortic valve, PA:
Pulmonary artery, RA: Right atrium, RV: Right ventricle.

Discussion

We presented a case of right ventricular myxoma with
patent foramen ovale complicated by stroke. The tumor
was successfully resected. The clinical manifestations of
ventricular myxomas can be classified as obstructive,
embolic and constitutional. Clinic presentation of left-
sided tumors are earlier than right-sided tumors with

more severe shortness of breath? Constitutional
symptoms are fever, arthralgias, weight loss and Raynaud
phenomenon, which may be attributed to overproduction
of interleukin-6. The obstructive and embolic symptoms
are different between left-sided and right-sided cardiac
myxomas. For example, in patients with left-sided
myxomas, obstruction may lead to pulmonary congestion,
therefore dyspnea and syncope are the main complaints.
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On the other hand, in patients with right-sided myxomas,
peripheral edema, ascites, or superior vena cava
syndrome are more common. Left-sided myxomas may
cause peripheral embolism such as stroke, while right-
sided myxomas can cause pulmonary embolism.3 In a
study Stefanou et al. screened 52 patients with left-sided
cardiac myxoma and 13 had transient ischemic attack,
ischemic stroke or retinal ischemia. Tumor friability, not
the size, was associated with increased embolic risk. The
embolic material can be detached tumor tissue,
thrombotic material overlying the tumor, or a
combination of both.* Our patient had elevated right
heart pressures together with a PFO, and stroke probably
developed due to paradoxical embolism. Patent foramen
ovale, a tunnel-like structure between right and left
atrium, is a common finding in general population. A right-
to-left shunt and paradoxical embolism may occur when
right atrial pressure increases, leading to the transit of
embolic material into the systemic circulation. Our case is
very rare that a right-sided myxoma caused systemic
embolism through a PFO. A similar case report was written
by Rao et al.> They presented a 62-year-old lady who
experienced two episodes of acute stroke two weeks
apart and she was found to have a large right ventricular
myxoma and PFO. Molnar et al reported an ischemic
stroke case with giant right atrial myxoma associated with
PFO.% In another case report, a tricuspid myxoma caused
paradoxical embolism through a PFO.7 The first-line and
gold standard noninvasive diagnostic modalities for
cardiac myxoma are transthoracic echocardiogram and
transesophageal echocardiogram. An echocardiogram
enables us to evaluate preoperative localization, size,
shape, mobility of the tumor as well as its hemodynamic
consequences.  Transesophageal echocardiography
accurately detects atypical localization of myxomas.
Cardiac-gated computed tomography and magnetic
resonance scans provide supplementary data about the
structure and function of cardiac tumors prior to surgical
resection. Multimodality imaging is recommended in the
diagnostic work-up.8 The differential diagnosis for cardiac
myxomas includes cardiac thrombi, fibromas, lipomas and
nonmyxomatous neoplasms, the latter being malignant.
About 20-25% of primary cardiac tumours are known to
be malignant, the vast majority of them being sarcomas
(95%), the remainder being lymphomas (5%). These
malignant tumors are usually located intramyocardial and
they are not pedunculated as most of the myxomas.®

The treatment of myxoma is surgical resection. The
surgical mortality is reported as less than 5%, while the
mortality rate of ventricular myxomas is slightly higher
than that of atrial myxomas.'® Once the diagnosis is made,
the surgery should not be unnecessarily delayed. While
awaiting to cardiac surgery, more than 8% of patients died
of embolic, obstructive or other complications.> Our
patient also had embolic stroke while awaiting to surgery,
which further delayed the treatment. The need for
antiaggregants and anticoagulants also complicate the
perioperative period. There is no evidence for optimal

time interval between cardiac myxoma related
cerebrovascular event and cardiac surgery, but prolonged
interval is associated with embolic recurrence.* Tumor
recurrence may happen months or years after surgery,
and its rate is approximately 5%. Recurrences usually
occur in the first 4 years after surgical excision. The risk
factors which are related to recurrence after surgery are;
young age, family history of myxoma, inadequate surgical
resection, intraoperative tumor implantation or
multicentre growth.® There is also frequent recurrence of
tumors associated with Carney complex.'>1? Long-term
follow-up with transthoracic echocardiography is
recommended in all patients after tumor resection.?
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ABSTRACT

This case study describes a 67-year-old female patient who presented with shortness of breath and quick
exhaustion. In 2018, initial symptoms led to a diagnostic thoracic CT scan, which confirmed sarcoidosis using
endobronchial ultrasound (EBUS). Despite the diagnosis, the patient did not receive treatment. A 2023 bone
marrow biopsy revealed that the disease had progressed to include heart failure and thrombocytopenia.
Transthoracic echocardiography (TTE) was used for cardiological examination, which revealed impaired left
ventricular wall motion. Magnetic resonance imaging (MRI) revealed severe cardiac involvement by detecting
full-thickness late gadolinium enhancement (LGE) in the left ventricle. This case report emphasizes the
complexity and diversity of sarcoidosis symptoms, supporting a multidisciplinary approach for correct diagnosis
and individual treatment approach.

Keywords: Sarcoidosis, Thrombocytopenia, Myocardial Infiltration, Bone Marrow Involvement
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OZET

Bu vaka galismasinda nefes darligi ve gabuk yorulma sikayetleriyle bagsvuran 67 yasinda bir kadin hasta
anlatiimaktadir. ilk semptomlar 2018 yilinda, endobronsiyal ultrason (EBUS) kullanilarak sarkoidozu dogrulayan
tanisal bir toraks BT taramasina yol agti. Teshise ragmen hasta tedavi gormemistir. 2023 yilinda yapilan kemik
iligi biyopsisi, hastaligin kalp yetmezligi ve trombositopeniyi icerecek sekilde ilerledigini ortaya koymustur.
Kardiyolojik inceleme igin transtorasik ekokardiyografi (TTE) kullanildi ve sol ventrikil duvar hareket bozuklugu
tespit edildi. Manyetik rezonans gortintiileme (MRG), sol ventrikiilde tam kat ge¢ gadolinyum tutulumu (LGE)
tespit ederek ciddi kardiyak etkilenmeyi ortaya koydu. Bu olgu sunumu sarkoidoz semptomlarinin karmasikligini
ve cesitliligini vurgulamakta, dogru tani ve bireysel tedavi yaklagimi igin multidisipliner bir yaklagimi
desteklemektedir.

Anahtar Kelimeler: Sarkoidoz, Trombositopeni, Miyokardiyal infiltrasyon, Kemik iligi Tutulumu
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Introduction

Sarcoidosis is a systemic lung disease characterized by
the formation of noncaseating granulomas, and its origin
remains unknown. Despite the absence of a definitive cause,
sarcoidosis is thought to arise from a genetically predisposed
abnormal immune response to an unidentified antigen.
While many studies suggest an equal female-to-male ratio, it
is notable that more males than females receive a diagnosis
between the ages of 20 and 45. However, the incidence of
sarcoidosis tends to peak in females at a later age, typically
between 50 and 65 years old.! The disease manifests as a
multisystem inflammatory disorder, with the lungs and
thoracic lymph nodes being the most commonly affected
organs.? This disorder primarily impacts the lungs, but it can
affect any organ.? Approximately 5% of individuals with
sarcoidosis exhibit clinical indications of myocardial
involvement.* Bernstein recorded the first case of cardiac
involvement in sarcoidosis in 1929, concerning a 52-year-old
tailor who died of heart failure.> Renal and bone marrow
involvements are infrequent occurrences in individuals with
sarcoidosis.®

The diagnosis is based on three criteria: a consistent
clinical and radiological presentation, pathological
confirmation of noncaseating granulomas, and the
elimination of other disorders with comparable features,
such as infections or malignancies.” Corticosteroids, such as
prednisone, are commonly used in clinical practice to
minimize inflammation.8 When corticosteroids prove
inadequate or are poorly tolerated, alternative
immunosuppressive medications, including methotrexate,
may be explored.® In cases resistant to conventional
therapies or marked by intolerance, biological agents such as
tumour necrosis factor (TNF) inhibitors, emerge as potential
therapeutic options. TNF inhibitors have undergone
evaluation; nonetheless, findings from controlled trials have
shown marginal benefits, with studies reporting no
discernible advantage.®

Case Report

A 67-year-old female patient with shortness of breath,
rapid fatigue, and a history of gonarthrosis presented with
atypical clinical characteristics of sarcoidosis. Shortness of
breath and erythema nodosum were the first symptoms
in 2018, prompting a thoracic CT scan, which revealed
mediastinal lymphadenopathy and interstitial lung
disease. Pathological findings validated the diagnosis of
sarcoidosis based on endobronchial ultrasound (EBUS).
Regardless of the diagnosis, the patient went untreated.

Since 2022, the patient experienced heart failure
without a documented history of myocardial infarction.
Concurrently, thrombocytopenia was first detected in
December 2021 (platelet count: 40,000). Upon admission,
the platelet count had dropped to 18,000, leading to
hospitalization. An external centre conducted a bone
marrow biopsy in 2023. The pathology results revealed
normo/hypercellular bone marrow (25%-55% cellularity),
erythroid hyperplasia with normoblastic maturation,

myeloid hyperplasia with uninterrupted maturation,
increased megakaryopoiesis, and two small non-
necrotizing granulomas within the intramedullary and
paracortical connective tissue, confirming sarcoidosis.

Despite the patient's thrombocytopenia, the cardiology
department decided against angiography and instead
performed a transthoracic echocardiography (TTE) to
determine the cause of the patient's recurrent shortness of
breath. The TTE results identified impaired left ventricular
wall motion, with an ejection fraction (EF) of 40-45% and
segmental wall motion abnormalities. Magnetic resonance
imaging (MRI) revealed full-thickness late gadolinium
enhancement (LGE) in the basal inferior-inferolateral wall of
the left ventricle, along with a suspicious mid-wall LGE area
in the basal inferoseptum. (Figure 1.) Although artefact-
related considerations were acknowledged, these findings
suggested significant cardiac involvement of sarcoidosis. The
steroid treatment was initiated at a milligram per kilogram
basis. Steroid therapy improved the platelet (PLT) count to
over 100,000. The patient is currently being monitored under
steroid therapy.

Dicusssion

Our case report emphasizes the complexities of
sarcoidosis, as well as the difficulties involved with its
identification and management. The unknown origin of
sarcoidosis complicates its clinical course, emphasizing the
importance of investigation of the various symptoms and the
treatment approaches. In this case, the patient's
presentation included shortness of breath and rapid
exhaustion, which led to a diagnosis of sarcoidosis. Despite a
clear diagnosis confirmed by EBUS and pathological findings,
the patient went untreated, allowing the progression of the
condition. The later development of heart failure and
thrombocytopenia brought challenges, requiring a
comprehensive approach to patient treatment. The decision
not to perform angiography in favour of TTE and cardiac MRI
emphasizes the significance of individual approach to
different patient presentations. The Silesian voivodeship
sarcoidosis epidemiology study found a growing incidence of
the condition among younger men (25-50 years) and some
older women (50-64 years). The study's observed tendency
of increased occurrence in the age group of 50-64 years
corresponds with the age range of our patient, implying that
individuals who are older than the upper limit of the
previously identified range may still be susceptible to
sarcoidosis.'® Based on the 1999 WASOG criteria and the
2014 WASOG organ assessment instrument, a study of 175
sarcoidosis patients at the Hospital Clinic of Barcelona, Spain,
from 1990 to 2014, revealed useful insights into the disease's
age-related clinical symptoms. Patients identified before the
age of 40 had a higher prevalence of musculoskeletal
symptoms and neurological involvement, but a lower
prevalence of renal and splenic involvement. Those who
developed the disease beyond the age of 65, on the other
hand, had a decreased prevalence of
cutaneous/musculoskeletal symptoms and little or no
neurological involvement.! This study emphasises the
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dynamic nature of sarcoidosis and accentuates the value of
early detection and close monitoring, particularly in cases
where there is a severe organ involvement. Corticosteroids
have already been assessed and documented in the
literature for the treatment of cardiac sarcoidosis. The
purpose of the trial was to determine whether weekly
methotrexate plus low-dose corticosteroids might effectively
treat cardiac sarcoidosis. In a small cohort of seventeen
individuals, they compared this combination to
corticosteroids alone during three to five years. The
combined medication was a potentially well-tolerated long-

term treatment for cardiac sarcoidosis, as it dramatically
stabilised ejection fraction, cardiothoracic ratio, and NT-
proBNP levels without eliciting major adverse effects.?

Conclusion

Due to systemic involvement of sarcoidosis in patients,
there is the potential for affecting every organ. We
demonstrated the bone marrow involvement in a patient
with thrombocytopenia, and we have found cardiac
involvement in the same patient. Therefore, it is necessary
to screen patients with sarcoidosis systematically.

Figure 1. Full-Thickness Late Gadolinium Enhancement in Basal Inferior-Inferolateral Wall and Suspicious Mid-
Wall LGE in Basal Inferoseptum of Left Ventricle
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ABSTRACT

Selective Mutism (SM) is a disorder characterized by the individual's persistent inability to speak in specific social
situations (e.g., school) where speech is expected, even though the individual is able to speak in other situations.
It is a rare anxiety disorder and is often seen in children between the ages of 4-8. The presence of SM in family
members is important in terms of both etiology and clinical course. While family burden is a factor that increases
the incidence of SM, according to some research results, the clinical symptoms of twin cases diagnosed with SM
are more severe than those of non-twins. A positive family history negatively affects the prognosis of SM and
increases resistance to treatment. In this article, the diagnosis and treatment process of 14-year-old
monozygotic twin adolescents who have been followed up with the diagnosis of SM for a long time will be
discussed. The main treatment methods for SM are medication and psychotherapy. It is known that
psychotherapeutic interventions in particular vary depending on individual differences. The most important
purpose of this article is to draw attention to the differences in treatment interventions of twin SM cases and to
evaluate the clinical features of the cases in the light of the literature.

Keywords: Selective mutism, monozygotic twin, adolescent
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OZET

Selektif mutizm (SM), bireyin baska durumlarda konusuyor olmasina karsin, konusmasinin beklendigi 6zgul
toplumsal durumlar (6rn. okul), strekli bir bicimde, konusamiyor olmasi ile karakterize bir bozukluktur. Nadir
gorilen bir anksiyete bozuklugu olup siklikla ¢ocuklarda 4-8 yas araliginda gortlmektedir. Aile bireylerinde SM
varligl hem etiyoloji hem de klinik gidisat agisindan énemlidir. Aile yUklligi SM’nin gérilme sikligini artiran bir
faktor iken bazi arastirma sonuglarina gére, SM tanisi olan ikiz olgularin klinik semptomlari ikiz olmayanlara gére
daha siddetlidir. Aile 6ykistnun pozitif olmasi SM’de klinik gidisati olumsuz etkilemekte, tedaviye direnci
artirmaktadir. Bu yazida, 14 yaslarinda, uzun siredir SM tanisi ile takip edilen monozigot ikiz ergenlerin tani ve
tedavi siireci ele alinacaktir. SM’de baslica tedavi ydntemi ilag tedavisi ve psikoterapidir. Ozellikle psikoterapdtik
mudahalelerin bireysel farkliliklar dogrultusunda gesitlilik gosterdigi bilinmektedir. Bu yazinin en 6nemli amaci,
ikiz SM olgularinin tedavi miidahalelerindeki farklihga dikkat gekmek ve olgularin klinik 6zelliklerini literatiir
esliginde degerlendirmektir.
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Introduction

Selective Mutism (SM) is an anxiety disorder that is
relatively rare compared to other anxiety disorders and it
is characterized by the inability to speak in specific
settings and situations where speech is anticipated,
despite having the ability to speak®. Although precise
percentages have not been established, research has
reported that the frequency of selective mutism ranges
from 0.11 to 2.2% and it is more common in girls than in
boys%3. Psychiatric comorbidities, particularly social
phobia, specific phobia, and separation anxiety disorder,
are extremely prevalent among SM patients34,

Long-term follow-up research on the clinical trajectory of
SM is scarce. In a study, the average disease duration for SM
was found to be 9 years®. In general, it is suggested that in
most untreated SM cases, mutistic symptoms gradually go
away and that during adolescence and early adulthood, the
majority of cases do not fulfill the diagnostic criteria for SIM®.
A poor prognosis is linked to advanced age, initial disease
severity, and a family history of SM’.

Although it has been reported that SM is more
common in twins, it is unclear whether this is a referral
bias8. Furthermore, it has been noted that the clinical
symptoms of SM in twins are more severe than those in
singletons®?. This article aims to discuss the follow-up and
treatment process of a pair of female monozygotic
adolescent twins who have had SM for a long time.
Written informed consent for the presentation and
publication of the case was obtained from the patients
and their parents on the condition that the patients'
anonymity must be preserved.

Description and Presentation of Cases

Fraternal twin female patients, aged 14 years and 9 th-
grade students, applied to our clinic accompanied by their
mothers and at their mother's request, not speaking in
social situations like school, friends, and foreign
environments, and extreme shyness and timidity. In one-
on-one interviews with different psychiatrists, nonverbal
communication (making eye contact, using gestures and
facial expressions, shaking the head) was achieved with
both adolescents, but verbal communication was not
established. Due to the patients' limited verbal
communication, the mother provided the majority of the
anamnesis information.

It was learned that the patients spoke on time and
fluently, without any delay in speech and other
developmental stages, and their "not talking to strangers"
problems were initially noticed in the first grade of
elementary school. The mother stated that until that date,
as parents, they had observed that children did not talk to
anyone when there were strangers at home, when they
went out for a visit, or in other social environments, but
they did not consider this as an abnormal situation
because they spoke normally and fluently when there
were no outsiders present at home (except for their
grandmother, who they saw a lot). Without any preschool
instruction, when the children entered elementary school
together, in the same classroom, at the same desk, they

did not experience separation anxiety. The mother were
the children's primary caretakers, and they grew up in an
isolated household setting with no friends. During the first
half of first grade, the teacher observed that the sisters
talked only to each other and did not talk to anyone
including the teacher herself and their classmates; when
they asked them questions or wanted to communicate
with them, they acted as if they could not hear them at all;
they did not even make eye contact; they did not
participate in games with their classmates, and they were
remarkably shy and introverted, and thus recommended
that they receive a psychiatric evaluation from child and
adolescent  psychiatry. They had no triggers,
stressful/traumatic life events, or stressors linked to their
"not talking to strangers" problems. The children who
were evaluated for the first time by a child psychiatrist in
the second half of the first grade, it was reported that
their mental development was normal, and considering
the diagnosis of selective mutism, they were started on
fluoxetine 5 mg/day medication. However, family
members did not start drug treatment and did not go to
child and adolescent psychiatry follow-ups because they
thought that these problems would spontaneously
resolve when they grew up, and they were worried about
the side effects of drug treatment.

When the children started the second grade of
elementary school, their classroom teacher changed and
a male teacher whom the mother described as
authoritarian, rude, rather harsh, and emotionally
detached took over. The mother claimed that at that time,
her children were more timid than ever at school and
were reluctant to attend school. The classroom teacher
again referred the children for a psychiatric evaluation
due to their lack of verbal and nonverbal communication
with him and their classmates. They next saw a different
child and adolescent psychiatrist, who once more started
them on 5 mg of fluoxetine per day. The dosage of
fluoxetine was gradually increased to 20 mg/day during
the follow-ups, and risperidone 0.25 mg/day was added to
the treatment regimen. The mother mentioned that they
received treatment with fluoxetine 20 mg/day and
risperidone 0.25 mg/day for a year and that during this
period, the children communicated only non-verbally with
the classroom teacher and classmates with whom they
were not close, and spoke with one or two classmates,
albeit in whispers. Later, with the arrival of summer
vacation, this treatment regimen was stopped by the
parents, and the children were left without treatment for
approximately 6 months. Throughout the subsequent
processes, various medication therapies were selected for
the children who were assessed by numerous child and
adolescent psychiatrists before applying to our clinic
(including selective serotonin reuptake inhibitors
[fluoxetine, sertraline, escitalopram, fluvoxamine],
imipramine from tricyclic antidepressants, mirtazapine
from atypical antidepressants, antipsychotics
[risperidone, aripiprazole, paliperidone, amisulpride] and
hydroxyzine from antihistamines). Furthermore, even
though many psychiatrists recommended that siblings
attend separate classes, the children never attended
separate classes because they refused to do so. In
summary, as a result of the approximately 8-year
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treatment process, which was not seriously interrupted, it
was learned that the children could only communicate
verbally and non-verbally at a limited level with very a few
friends (one or two) with whom they were close, outside
the home and family environment, and that they still did
not talk to other people.

It was reported that children who were born as
fraternal twins via planned and cesarean section had no
health issues during or after birth and completed the
neuromotor development stages on schedule. Except for
selective mutism, the children's medical histories were
free of significant mental or medical illnesses, and their
neurological examinations revealed no pathology.
According to family history, the mother was extremely
quiet, timid, and introverted at a young age, and she
became very excited when speaking in foreign
environments, as well as having personality traits such as
shyness and timidity. Apart from this, there was no
feature in their family history, including speech-related
disorders. Their 19-year-old brother and father were
described as talkative, energetic, and outgoing.

When patients applied to our clinic, they had not
received treatment in about 9 months. Follow-up and
treatment of both cases continued with weekly meetings
in the first month of treatment, and every two weeks
thereafter. The therapy was implemented in the form of
individual and child-focused parent interviews. Two
different child psychiatrists conducted separate
psychiatric interviews with the cases, and both noted that
both cases were extremely anxious. During the psychiatric
examination, only non-verbal communication was
possible in both cases, and written communication was
also provided in one case. Clinically, the intelligence of the
cases was within normal limits and it was ascertained that
their academic performance was good. The sentence
completion test's contents were mostly about the
"inability to speak"; there were no depressive items.
Neither of them was persuaded to draw. The home video
recordings yielded they were fluent in oral language and
spoke freely. Autism spectrum disorders were excluded
because the patients maintained normal communication
and interaction within the family and did not have limited
or repetitive thoughts and behaviors, and psychosis was
excluded because they did not exhibit delusions,
hallucinations, or other psychotic symptoms. Both cases
were diagnosed with selective mutism and social phobia,
and they were started on fluoxetine 20 mg/day and
aripiprazole 5 mg/day, which had previously been shown
to be the most effective for them. Two different child
psychiatrists separately conducted behavioral treatment-
oriented interviews with the cases, which included
practice/exposure-based tasks, social skills acquisition,
and new tasks. Furthermore, patients were now asked to
attend separate classes at school, and 3 weeks of
lorazepam treatment was added when their classes were
separated. During the follow-ups, after the patients
separated their classes at school, they established
effective nonverbal communication with their teachers
and classmates, as well as effective verbal and nonverbal
communication with their close friends, began to hang out
with their close friends during breaks, and were able to
participate individually in group activities such as music

and role-playing. Family members also commented
positively on the cases' ability to form social relationships.
During the outpatient clinic follow-up, verbal
communication was possible in both cases, albeit in a low
voice and whisper, but although the patients' social
functionality improved, the expected symptomatic
improvement had yet to be achieved. It appeared that the
severity of selective mutism symptoms decreased as
classes were separated at school. The cases were followed
up and treated for about 8 months, but then the mother
voluntarily ended the psychiatric interviews, stating that
her children had recovered, albeit not completely.

Discussion

In this article, a pair of monozygotic female
adolescents diagnosed with SM were presented, in whom
psychotherapeutic and behavioral interventions were
inadequately applied and the disease process was
protracted, even though they received sufficient
treatment support in the form of medication assistance.
This case report underlines the importance of social
isolation and a family history of SM and anxiety disorders,
which  contribute to treatment resistance and
reinforcement and maintenance of mutism, despite
strong drug support.

SM is an uncommon anxiety disorder that is strongly
associated with other anxiety disorders, especially social
anxiety disorder34. Most studies agree that girls are more
likely than boys to develop SM, and some research has
shown that SM is more common in twins and that their
clinical characteristics are more severe?383,

The frequency and clinical presentation of SM in twins
are poorly understood. However, studies indicate that in
addition to strong genetic characteristics in twins, there
are also environmental factors such as social isolation that
strengthen the continuation of mutism and other clinical
characteristics®°. There are surprisingly very few studies
or case reports in the literature regarding the occurrence
of SM in twins®1!, and according to some research, twins
are disproportionately common in SM suffererstl. It is
asserted that the twins struggle to grow apart and develop
their own identities and that this is made worse by the fact
that neither the parents nor the larger community can
recognize the twins as two distinct people. In addition to
the inability to develop an individual identity, it has been
emphasized that twins exhibit mutual mirroring, which
results in social isolation, the persistence of SM
symptoms, and resistance to treatment®. We observed
that our twin pair with SM had difficulty separating from
each other, although they were encouraged to separate,
that they could not demonstrate social skills because they
could not gain an individual identity, and that they
continued to see each other as the same unit. Thus, it was
thought that their close interaction with each other and
the use of the language they created among themselves
hampered the individualization and socialization
processes and disrupted ego development, so they were
asked to have separate classes. Indeed, once our cases
were separated into different classes and the twins' unity
was broken, their verbal and nonverbal communication
skills improved probably due to their social isolation
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barriers decreased. Furthermore, the fact that the
mother of the twin pair we present exhibits personality
traits such as shyness, introversion, and timidity, although
not severe enough to meet social phobia, may contribute
to a lack of verbal communication in the family, social
isolation, and behavioral inhibition. It is also clear that the
mother's personality traits can cause a genetic
predisposition for both SM and social phobia diagnoses in
her twins. These factors can lead to the severity of SM
symptoms remaining unabated and/or an inadequate
response to treatment. In addition, negative prognostic
factors such as the relatively older age of our cases and
their high disease severity from the beginning may also
explain the persistence of symptoms and poor response
to treatment. Again, previous studies have shown that SM
is strongly associated with other anxiety disorders,
especially social anxiety disorder, and that almost all cases
of selective mutism are diagnosed with social phobia?®11,
Similarly, our cases were diagnosed with social phobia
along with SM, and we think that this might contribute to
the relatively poor prognosis.

Several approaches are used in the treatment of
selective mutism, and it is generally recommended that
pharmacological therapy and  psychotherapeutic
interventions be applied together. Psychotherapeutic
interventions should involve the patient, his/her family,
and his/her surroundings. It is advised that mental health
professionals, school counselors, and speech therapists be
part of the therapy team3“. However, there is a dearth of
evidence-based information regarding the care and
treatment of twins with SM, and this data mostly
originates from case reports®19, There is an argument that
suggests twins should be separated for treatment
purposes to promote and enhance individuality, even if
this is not supported by study findings®1°, It is highlighted
that separating not only twins with SM but also twins with
speech difficulties in environments such as schools will
have extremely positive effects on speech and language
skills2,  We implemented behavioral therapy-based
interventions to shatter the twins' unity, promote their
socialization and individualization, assist their self-
differentiation, and further their ego development. For
each twin pair's assessment, treatment, and follow-up, we
selected different therapists. We observed that various
behavioral strategies we used had generally positive
outcomes. In addition to behavioral interventions,
pharmacological treatments, especially selective
serotonin reuptake inhibitors, also have an important
place in the treatment of SM. Because of this, we started
our twin pair cases on fluoxetine and aripiprazole, two
psychotropics that were most beneficial in the past and
we continued drug treatments without significant side
effects. In conclusion, observing rapid changes in their
communication and interactions as a result of the
"separating their classroom and social environments"
technique applied for treatment purposes to increase the
individuality of our cases, as well as drug therapy suggests
that separating the environments of twins with SM during
their treatment is an extremely important and necessary
approach.

Conclusion

This study adds to the scant body of literature on twin
pairs with SM therapy. The treatment method of the twin
pair with SM that we present here demonstrates the
complexity of SM treatment in twins, and points out the
value of separating their social settings —like the school
environment— to strengthen their individual unique
identities and individuality. It was thought that our
patients' interaction with each other and the use of the
language they created among themselves led to the
development of a symbiotic relationship over a long
period, which contributed to the persistence of symptoms
and the emergence of treatment resistance. Indeed,
meaningful progress was made by arranging the twin
pair's classroom and social surroundings to be separate
and providing them with chances for separation and
individualization.
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