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The Effect of War Conditions and Social Stress on Semen Parameters

in Syrian Refugees

Suriyeli Miiltecilerde Savas Kosullar1 ve Sosyal Stresin Semen Parametreleri Uzerindeki Etkisi

Deniz Aka Satar Ridvan Bagci

Umut Demirdelen

Health Sciences University, Adana City Training and Research Hospital, Assisted Reproduction Unit, Andrology Laboratory Yiiregir/ Adana/Tiirkiye

ABSTRACT

Objective: This study aims to evaluate the effects of stress due to war in Syrians exposed to after migration to
Turkey on sperm parameters.

Material and Method: Syrian migrant patients who underwent spermiogram due to infertility were included
in the study. The patients were divided into two groups according to the period when the migration started and
the stress was felt intensely, and the period when the immigrants had settled down and had less stress. Sexual
abstinence duration, age, ejaculate volume, sperm concentration, total motility, progressive motility, morphology
according to Kruger Strict criteria, were evaluated.

Results: There were 300 patients in group 1 and 902 patients in group 2. There was a statistically significant
relationship between the marital status of the refugee patients and the years. There was no statistically significant
difference between the groups in terms of ejaculate volume, concentration, morphology and sexual abstinence
parameters. The total motility values of the patients in group 2 were statistically significantly higher than the
patients in group 1. The progressive motility values of the patients in group 2 were statistically significantly
higher than the patients in group 1.

Conclusion: The heavy psychosocial stress created by the war and post-war migration affects both sperm motility
and progressive motility.

OZET

Amag: Bu ¢alisma, Tiirkiye 'ye go¢ sonrast maruz kalan Suriyelilerde savas kaynakli stresin sperm parametreleri
lizerine etkilerini degerlendirmeyi amaglamaktadur.

Gereg ve Yontem: Infertilite nedeniyle spermiogram yapilan Suriveli gé¢men hastalar calismaya dahil edildi.
Hastalar gogiin basladigi ve stresin yogun olarak hissedildigi donem ile gogmenlerin yerlesip daha az stres
yasadiklar: donemlere gore iki gruba ayrildi. Kruger Strict kriterlerine gore cinsel perhiz siiresi, yas, ejakiilat
hacmi, sperm konsantrasyonu, toplam hareketlilik, ilerleyici hareketlilik ve morfoloji degerlendirildi.

Sonuclar: Grup 1'de 300, Grup 2’de ise 902 hasta vardi. Miilteci hastalarin medeni durumu ile yillar
arasinda istatistiksel olarak anlamli bir iliski vardi. Ejakiilat hacmi, konsantrasyonu, morfolojisi ve cinsel
perhiz parametreleri agisindan gruplar arasinda istatistiksel olarak anlamli fark yoktu. Grup 2 deki hastalarin
total motilite degerleri grup 1’deki hastalara gore istatistiksel olarak anlaml derecede yiiksekti. Grup 2 deki
hastalarin ilerleyici motilite degerleri grup 1 'deki hastalara gore istatistiksel olarak anlamli derecede yiiksekti.
Sonug¢: Savasin ve savas sonrasi gogiin yarattigr agir psikososyal stres, hem sperm hareketliligini hem de
ilerleyen hareketliligini etkiliyor:

INTRODUCTION

Keywords:

Stress

Infertility

Sperm concentration
Sperm motility
Sperm morphology

Anahtar Kelimeler:
Stres

Infertilite

Sperm konsantrasyonu
Sperm hareketliligi
Sperm morfolojisi

Infertility is defined as the absence of pregnancy despite
regular (two days a week) and unprotected sexual
intercourse for one year (1,2). Infertility is a problem that
affects 10-15 percent of couples of reproductive age, and
the male factor alone accounts for about 50 percent of this
problem (3,4).

Testicular and hypothalamo-pituitary diseases (such as
cryptorchidism, orchitis, genital tractinfections, varicocele,
male genital tract obstructions and hypogonadism),
genetic conditions (Kallmann or Klinefelter syndromes,
globozoospermia and Y chromosome microdeletions),
cancer, systemic diseases, medical treatments or

Correspondence: Deniz Aka Satar, Health Sciences University, Adana City Training and Research Hospital Assisted
Reproduction Unit, Andrology Labaratory, 01330, Yiiregir-Adana/Tiirkiye. E mail: denizakasatar@yahoo.com
Cite as: Satar Aka D, Bagc1 R, Demirdelen U. The Effect of War Conditions and Social Stress on Semen Parameters in Syrian

Refugees. Phnx Med J. 2024;6(1):6-10.
Received: 20.11.2023 Accepted: 07.12.2023

Online Published: 21.12.2023

endocrine disorders are the main causes of male infertility.
In addition, lifestyle-related factors such as smoking,
alcohol, drug use, high-energy nutrition, obesity and
psychological stress negatively affect male reproductive
potential (1,5,6).

The negative effects of stress (work stress, life stress,
etc.) on sperm quality, sperm concentration, motility and
morphology have been discussed in previous studies.
However, studies investigating the effect of war on sperm
parameters are limited (7, 8). How the war affects sperm
parameters is not fully understood. However, exposures
and traumas experienced during and after the war seem to
cause this (7,8).
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Migration from Syria to Turkey began in March 2011
with the escalation of the civil war and violence in Syria.
The civil war in Syria has displaced 6.5 million Syrians,
hundreds of thousands have been injured or killed, and
created a vacuum in basic infrastructures that will resonate
across the region for years to come (9-11). With these
events, there was an intense refugee influx to Turkey (12-
15). Turkey hosts nearly four million Syrian refugees. It
has been observed that refugees frequently experience
various physical and mental health problems such as
depression, anxiety and post-traumatic stress disorder
(14,15).

This study aims to evaluate the effects of stress due to war
in Syrians exposed to after migration to Turkey on sperm
parameters.

MATERIAL AND METHOD

The study was started after the approval of the local
ethics committee (Ethics committee decision no: 1994,
date: 23.06.2022). In this retrospective study, the semen
analyzes of 1202 Syrian refugees who applied to the
IVF Center Andrology Laboratory of a tertiary hospital
due to infertility between 2014 and 2021 were evaluated
retrospectively. Ejaculate volume, sperm concentration,
total and progressive motility, and morphology parameters
were studied based on the 2010 semen analysis criteria
of the World Health Organization (16). The patients
were divided into two groups according to the years of
admission to our clinic. The patients who applied in the
first four years (2014-2017) when the effects of the stress
caused by war and refugee were intense, were evaluated
as the first group, and the patients who applied in the
second four years (2018-2021) when the refugees settled
in our country and the stress decreased (2018-2021) were
considered as the second group.

Collection and Analysis of Samples

After 2-7 days of sexual abstinence, the patients delivered
their semen samples in a sperm container by masturbation
by ejaculating into a sterile, cylindrical container with a
transparent, red cap in a dimly lit room. Received samples
were kept in an incubator (Thermo Scientific®, USA) at
37°C for 30 minutes for liquefaction. Liquefied samples
were taken into a sterile laminar cabinet (K-System®, USA)
and the analysis process was started. After examining the

macroscopic properties, the volumes of the samples were
measured with the help of graduated conical tube. Then,
0.5 pl volume of semen from each sample was placed in
the Counting Chamber Makler with a pipette. Counting
was started under a phase contrast microscope (Olympus
CX®, Japan) and at least 200 sperm were evaluated at
200X (20X objective, 10X ocular) magnification and
sperm concentration, total and progressive motility were
recorded. Semen samples with a concentration above 5
Million/ml were stained with a staining kit (Spermac Stain,
FertiPro®, USA) and evaluated according to the Kruger
morphology criteria. The semen samples of the first and
second groups of Syrian refugee patients were compared
according to the data obtained based on the 2010 Semen
Analysis criteria of the World Health Organization.
Statistical Evaluation

Statistical analyzes were performed using a package
program called SPSS (IBM SPSS Statistics 24). Frequency
tables and descriptive statistics were used to interpret the
findings. The “Mann-Whitney U” test (Z-table value)
statistics were used to compare the measurement values
of two independent groups in the data that did not have
a normal distribution. “Pearson-y2” crosstabs were used
to examine the relationships between two qualitative
variables.

RESULTS

A total of 1202 patients were included in the study. There
were 300 patients in group 1 (applicants between 2014-
2017) and 902 patients in group 2 (applicants between
2018-2021). The first patient application to the Andrology
laboratory was in 2014. After the first application,
patients’ applications increased over the years. There was
a statistically significant relationship between the marital
status of the refugee patients and the years (¥2=82.889;
p=0.000). While the rate of being married was significantly
higher among refugee patients in all years, the rate of being
married was the highest in 2015 (96.2%), and the rate of
being single was the highest in 2021 (30.5%) (Table 1).
Table-2 shows the mean and median values of age,
ejaculate volume, concentration, total and progressive
motility percentage, percentage of normal morphology,
and duration of sexual abstinence. A statistically significant
difference was found between the groups in terms of age

Table 1: Examination of the relationship between the years of admission and marital status of refugee patients.

Variable Married Single Total Statistical analysis* Possibility
n % n % n %

Years

2014 65 92,8 5 7,1 70 5,8

2015 51 96,2 2 3,8 53 4,4

2016 77 92,7 6 7,3 83 6,9

2017 88 93,6 6 6,4 94 7,8 x2z§26§g9

2018 179 91,3 17 8,7 196 16,3 P

2019 287 92,8 22 7,2 309 25,7

2020 169 85,7 28 14,3 197 16,5

2021 139 69,5 61 30,5 200 16,6

*Pearson-y2 crosstabs were used to analyze the relationships between two qualitative variables.

7



Phnx Med J. March 2024, Volume 6 No 1

Table 2: Comparison of sperm parameters according to year groups.

Variable 2014-2017 (n=302) 2018-2021 (n=900) Statistica] analysis*
Possibility
X1S.D. [hﬁ?ﬁfl;;‘:x] XES.D. U\Zﬁdﬁ:ﬂ
Age (years) 29,46+6,24 [17’209_’501’0] 28396640 6’208_’506’0] i::_o%’(?olf
Ejaculate Volume (ml) 3494168 [0’43_,132’5] 3.6941,72 [0’03_,155,0] i::—ol’g;g
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*The “Mann-Whitney U test (Z-table value) statistics were used to compare the measurement values of two independent groups in the data not

having normal distribution.

(Z=-3.013; p=0.003). The age of the patients in group 1
was statistically significantly higher than the age of the
patients in group 2.

There was no statistically significant difference between
the groups in terms of ejaculate volume (ml), concentration
(Million/ml), morphology (percentage of normal
sperm) and fasting time (days) parameters (p>0.05). A
statistically significant difference was found between the
groups in terms of percent total motility values (Z=-3.267;
p=0.001). The total motility values of the patients in group
2 were statistically significantly higher than the patients
in group 1.

A statistically significant difference was found between
the groups in terms of progressive motility values (Z=-
2.639; p=0.008). The progressive motility values of the
patients in group 2 were statistically significantly higher
than the patients in group 1.

DISCUSSION

It is not clear how war (psychological trauma and
stress) affects sperm parameters. Psychological stress
has been shown to be negatively related to various
parameters associated with semen quality, including
sperm concentration, motility, and morphology. Increased
stress levels may be related to the direct effect of the war
experience from acute stress, but also to marginalization,
cultural problems, deterioration in physical infrastructure
and socioeconomic conditions (14,17). The effects
of stress may be through the hormonal component
of spermatogenesis. There is evidence that such a
phenomenon may be associated with hormonal changes
observed in men during stressful events. Testicular
biopsies from highly stressed prisoners showed complete
spermatogenetic arrest in all cases (18).

The first patient included in our study admitted in 2014.
The number of patients increased over the years. There
was a statistically significant difference between the first

years of war and the hardships of being a refugee (Group
1) and group 2, in which the refugees were partially
settled, in terms of both the number of patients and their
marital status. While the number of married patients
was high in the first group, the number of single patient
admissions was higher in the second group. The fact that
families migrated by taking all kinds of risks together
with the concern of protecting their spouse and children
explains the excess of the married patient population in
the first years, while the long duration of the war and the
fact that the children who came with the families grew up
and reached the age of marriage support the increase in the
number of single patients in the second four years.

In our study, total motility and progressive motility values
were statistically significantly lower in the first group
compared to the second group. In a study examining
the relationship between work stress and life stress
and semen quality, it was reported that work stress was
not associated with semen parameters, but life stress
was negatively correlated with sperm concentration,
motility and morphology (19). War is both life stress and
psychosocial stress. This study is similar to our study in
terms of motility, but differs in terms of concentration
and morphology. In another study, it was shown that
psychosocial stress reduces sperm concentration and
motility, but does not affect morphology (20). However, in
this study, it was limited to 3 months whether the patients
experienced a major event related to stress or not. The fact
that they found the change in sperm concentration with
the acute effect significant may be due to the shortness
of this period. In our study, we found that sperm motility
was lower in group 1 patients, who migrated due to war,
had more intense life and psychosocial stress from their
place of residence and homeland, compared to group 2
patients, but their concentration and morphology were not
significantly affected. The mechanism affecting semen
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quality may be mediated by neuroendocrine factors
affecting spermatogenesis (21). Stress causes an increase
in seminal plasma reactive oxygen species, resulting in
oxidative stress that affects semen quality and fertility
(5,22). Most of the hypothetical pathways by which stress
can affect semen quality operate under endocrine factors
(23,24). Men living under stress have been shown to
have lower testosterone and luteinizing hormone levels.
However, while stress causes a secondary elevation in
serum LH and FSH levels, it primarily lowers the serum
total testosterone level, which alters the seminal quality
(25). It has been reported that this situation impairs
spermatogenesis, especially reduces sperm motility, and
also negatively affects morphology and sperm count
(23,24). Another study showed that an increase in post-
stress levels of cortisol and adrenocorticotropic hormones
may cause impaired conversion of androstenedione to
testosterone in Leydig cells. This disruption results in
lower mean semen volume, sperm concentration, and
sperm cell motility, along with increased androstenedione
and decreased testosterone levels (24). Stress can affect the
level of many other factors in the plasma. For example, it
has been shown that stress causes a significant increase in
nitric oxide in plasma and a decrease in arginase activity,
thus worsening semen quality (26). War is a psychosocial
stress in which both the struggle for survival and severe
traumas are experienced, perhaps it is an event where
stress is experienced most intensely. While migrants
struggle to survive in the country they migrate to, they are
under stress with the anxiety that what they leave behind
creates in them. In addition, the stress caused by the
psychosocial effects of a new country and a new lifestyle
will naturally affect all balances. Our study covers a long
period. The significantly lower sperm motility in group 1
patients with intense stress may be due to stress-induced
neuroendocrine mechanisms. The insignificance of
concentration change in the long-term study may be due
to the activation of adaptive mechanisms.

Inaretrospective study that included 10000 semen samples
to show the effects of the war on sperm parameters during
and after the Lebanese civil war, it was determined that
sperm concentration decreased during the war period
compared to the 5-year period after the war. Again in
this study, it was shown that the percentage of abnormal
sperm morphology increased in the post-war period and
that the war did not have a significant effect on semen
volume and sperm motility (7). In this study, the authors
stated that these changes in sperm parameters are due to
the neuroendocrine mechanism created by war-related
psychological stress. In our study, a significant difference
was found between the groups in the percentages of total
and progressive motile sperm. However, there was no
significant difference between the two groups in terms
of semen volume, concentration and sperm morphology.
In a study conducted after the 10-day war in Slovenia in

1991, it was shown that there was a significant decrease
in progressive motility and rapid progressive motility, and
that sperm morphology and concentration did not change
(27). Of course, the neuroendocrine changes caused by
stress in the acute period and the changes that occur after
long-term stress are different, and this situation also affects
spermatogenesis differently. The effects of psychological
stress on sperm parameters are still controversial and the
mechanism by which it can affect semen quality is unclear.
In addition to studies showing that stress negatively
affects parameters related to semen quality, there are also
studies showing that there is no relationship between the
psychosocial status of men and semen parameters (28).
This discrepancy may be explained by differences in
population characteristics, study design, and assessment
of psychosocial factors.

Fukuda et al. (29) evaluated only the short-term effects of
the earthquake and found that sperm motility decreased
in men who lost their homes as a result of the 1995 Kobe
earthquake, but there was no significant difference between
sperm concentrations before and after the earthquake. In
our study, while there was a significant decrease in both
total and progressive motility in the first group, who had to
leave their homeland during the (acute) period of intense
war and conflict, there was no significant difference in
sperm concentrations between the two groups. The effects
of disasters on semen parameters are a complex issue
because many variables come into play that can affect
semen parameters. Both the study of Fukuda et al (29) and
our study showed that catastrophic events (civil war, loss
of a family member during the war, and having to leave
their homes) cause a disorder in sperm motility.

In a study conducted in the USA before and after a
devastating natural disaster such as Hurricane Katrina,
there was a significant difference between the two groups
in terms of sperm motility and morphology, but no
statistically significant difference was found in terms of
concentration (30). In our study, we found that motility
was significantly lower in the near period, which had
devastating effects, compared to the distant period, and
sperm morphology did not show a significant change. The
study investigating the sperm effects of Hurricane Katrina
was a study that included only normospermic patients and
may explain this difference. The change in concentration
between the two groups was not significant in our study
either. War and post-war migration, living in a different
place, pain and social stress cause significant differences
between sperm parameters in both total and progressive
motility. It also reveals that war conditions and social
stress negatively affect sperm motility in Syrian patients.
The high variability in semen parameters makes it difficult
to obtain sufficient data in semen quality studies. More
detailed studies are needed to clarify the information on
this subject.
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Evaluation Of Hearing Functions of Children with Type 1 Diabetes: A
2-Year Retrospective Study

Tip 1 Diyabetli Cocuklarm Isitme Fonksiyonlarmin Degerlendirilmesi: 2 Y1llik Retrospektif Calisma

Emine Tugba Yorulmaz* Fatmanur Uysal? Hatice Seyra Erbek?®

1 Baskent University, School of Medicine, Department of Otolaryngology, Ankara, Turkey.
2 Dogus University, Department of Audilogy, Istanbul, Turkey.
3 Lokman Hekim University, Department of Otolaryngology, Ankara, Turkey.

Keywords:
ABSTRACT Type 1 diabetes
Objective: Our study aims to investigate the differences in pure tone audiometry and tympanograms in terms of Hearing loss
gender; disease duration, and right-left ear in children with Type I diabetes mellitus (Type 1 DM). Pure-tone audiometry
Material and Method: For our study, a total of 109 patients between the ages of 0-18 who were diagnosed
with Type 1 DM between 2016-2017 were identified. Among these, 26 children, 52 ears, aged between 2-18,
who applied to the Ear Nose Throat outpatient clinic for different reasons and had anamnesis and examination
information, were included. Then, hearing thresholds and middle ear functions were evaluated by looking at pure-
tone audiometers and tympanograms. Whether the patients met the study criteria was retrospectively determined
by using the patient registration forms filled out by the pediatric endocrinology.
Results: In the measurements made for the right and left ears, the conduction threshold values at a frequency
of 4000 and 8000 Hz were found to be statistically significantly higher values in the Type 1 DM patient group
for 5 years and longer than the control group with Type 1 DM for less than 5 years (p<0.05). Both right and
left ear bone canal threshold values of the patient group with diabetes for 5 years or longer were found to be
statistically significantly higher at a frequency of 4000 Hz (p<0.05). A statistically significant and negative
moderate correlation was found between the threshold values of speech discrimination (SD) in the right and left
ears and the duration of the disease.
Conclusion: As a result of our study, individuals with Type 1 DM were found to have a higher risk of developing
hearing loss. For this reason, it is recommended to examine hearing in detail and to establish a clinical
examination protocol in this patient group.
OZET Anahtar Kelimeler:
Amag: Calismamizin amaci; Tip 1 diabetus mellitus (Tip 1 DM) c¢ocuklarda, saf ses odyometrileri ve 7.1ip 1 diyabet
timpanogramlarimin; cinsiyet, hastalik siiresi ve sag-sol kulak yoniinden farkliliklarinin arastirilmasidur. Isitme kayb
Gereg ve Yontem: Calismamiz icin 2016-2017 yillarinda Tip 1 DM tamisi alan yaslar: 0-18 arasinda degisen Saf ses odyometri
toplam 109 hasta belirlenmistir. Bunlarin igerisinden, kulak burun bogaz (KBB) poliklinigine farkli sebeplerden
basvuran, anamnez ve muayene bilgileri olan yaglar: 2-18 arasinda degisen, 26 ¢ocuk 52 kulak dahil edilmistir.
Ardindan saf ses odyometrileri ve timpanogramlarina bakilarak isitme esikleri ve orta kulak fonksiyonlar:
degerlendirilmistir. Hastalarin ¢alisma kriterlerine uygun olup olmadig ise pediatrik endokrinoloji tarafindan
doldurulan hasta kayit formlarindan geriye doniilerek belirlenmistir.
Bulgular: Sag ve sol kulak i¢in yapilan olgiimlerde 4000 ve 8000 Hz frekansta hava yolu esik degerlerinin 5
il ve daha uzun siire Tip 1 DM’li hasta grubunda, 5 yildan daha az siire Tip 1 DM'li kontrol grubuna oranla
istatistiksel olarak anlaml bir sekilde daha yiiksek degerlerde oldugu bulundu (p<0,05). 5 yil ve daha uzun
siire diyabetli olan hasta grubunun hem sag, hem de sol kulak kemik yolu esik degerlerinin 4000 Hz frekansta
istatistiksel olarak anlaml bir sekilde daha yiiksek degerlerde bulundu (p<0,05). Sag ve sol kulak konusmayr
ayirt etme esik (SD) degerleri ile hastalik siiresi degerleri arasinda ise istatistiksel olarak anlamli ve negatif
yonlii orta diizeyde iliski saptand.
Sonug¢: Calismamizin sonucunda; Tip 1 DM tanisi olan bireylerde isitme kaybi gelisme riskinin daha fazla oldugu
bulunmusgtur. Bu sebeple, bu hasta grubunda igitmenin ayrintili olarak incelenmesi ve klinik muayene protokolii
olusturulmast tavsiye edilmektedir.

INTRODUCTION hormone released from beta cells in pancreatic islets (3-6).
Diabetes Mellitus is a genetically defined chronic It also causes vascular and neuropathic complications due
metabolic disorder characterized by hyperglycemia to its metabolic effects (5).

resulting from autoimmune destruction of beta-cells of the Type 1 DM was also called ‘insulin-dependent diabetes’,
pancreas (1,2). It is caused by reduced tissue responses to ‘juvenile diabetes’, or ‘childhood-onset diabetes’ in the
insulin in the absence or lack of secretion of the insulin past. In type 1 diabetes mellitus, pancreatic beta cells are
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mostly seen in cases of absolute insulin deficiency due to
autoimmune damage. Genetic predisposition and many
environmental factors that have not been clearly revealed
are thought to play a role in the development of type 1
DM (7).

In patients with DM, the mechanism of hearing impairment
(as in retinal and kidney dysfunction) is largely unclear
because it cannot be evaluated by intravital examination.
However, there are many different hypotheses about how
DM affects hearing. DM is characterized by the presence
of insulin and beta-cell autoantibodies resulting from the
autoimmune destruction of insulin-producing beta cells
(8). Cochlear hypoxia due to diabetic microangiopathy,
neuropathy due to vascular/metabolic events in the
cochlear nerves, and changes in cochlear glucose levels
are thought to cause auditory pathologies (9-12).

Glucose metabolism significantly affects the physiology
of the inner ear, which is metabolically very active. The
energy of the inner ear is not stored, so small changes in
glucose in the blood affect the function of the inner ear and
cause balance disorders. As a result of this mechanism,
vertigo, tinnitus, hypoacusis, and ear fullness can occur
(13).

Therefore, our study aims to investigate the differences
in pure-tone audiometry and tympanograms in terms of
gender, disease duration, and right-left ear in children with
type 1 DM.

MATERIALS AND METHODS

This study was carried out in Baskent University,
Department of Otorhinolaryngology, Audiology Clinic.
Written informed consent was obtained from each patient
for the tests to be performed in the audiology clinic. It
has been declared by the Ethics Committee of Baskent
University that there is no harm in conducting the study
with the decision dated 24.01.2018 and numbered 3227.
In this study, among 109 patients aged 0-18 who were
followed up and treated with a diagnosis of type 1 DM
in Bagkent University Hospital Pediatric Endocrinology
Outpatient Clinic in 2016-2017, 26 patients and 52 ears
with anamnesis and examination information, aged
between 2-18, who applied to the Ear Nose Throat
outpatient clinic for different reasons were included.
Whether the patients met the study criteria was determined
by using the patient registration forms filled out by
the Endocrinology. The glucose and Hemoglobin Alc
(HbAlc) results of the patients were taken into account.
With these results, the duration of the disease and the
treatment adopted were used as study parameters.
Madsen Orbiter 922-2 Clinical Audiometry (Denmark)
device was used for pure voice and speech audiometry.
TDH-39 standard earphones were used for conduction
hearing thresholds and speech tests, and a radioear B-71
vibrator was used for bone conduction hearing thresholds.
Frequencies of 125-8000 Hz for conduction thresholds and
500-4000 Hz frequencies for bone conduction thresholds
were evaluated. Conduction and bone conduction
thresholds of 500-1000-2000 Hz as mean pure-tone (SSO)
were calculated separately for both ears (14). The speaking
threshold (SRT) test was performed with a three-syllable
word list and speech discrimination (SD) test with a live
voice using the monosyllabic phonetic balanced word list
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(FD-300). Only tympanograms of patients under 2 years
of age were evaluated.

Statistical Analysis

The research data were evaluated using the SPSS 22.0
statistical package program. Descriptive statistics are
presented as mean (%) standard deviation, median
(minimum-maximum), frequency distribution, and
percentage. The compliance of continuous variables
to normal distribution was evaluated using visual
(histogram and probability charts) and analytical
methods  (Kolmogorov-Smirnov/Shapiro-Wilk  tests).
For categorical variables, whether there was a difference
between groups in terms of frequency was compared using
Chi-square tests. Patients with type 1 DM were divided
into two groups (<5 years and > 5 years) as the type 1 DM
patient group for 5 years or longer, and the control group
with type 1 DM for less than 5 years.

RESULTS

52 ears of 26 patients (10 females, 16 males) diagnosed
with type 1 DM were included in the study. The mean age
of the patients was 12.5+3.8. The mean disease duration of
the patients was 5.4+4.9 (1-16) years, and the mean HbA lc
(%) value was 6.6£2.1 (4.7-12.4). When the groups were
examined according to the duration of the disease, there
were 15 patients (57.7%) with an illness of fewer than 5
years and 11 patients (43.3%) with 5 years or more.

Type A tympanogram was obtained in 21 (80.8%) of the
patients and type B tympanogram in 5 (19.2%). SNHL
(sensorineural hearing loss) was not detected in 20 (80%)
of the patients. Hearing loss in the right and left ears was
graded according to SSO (pure tone average); 19 (76.0%)
patients and 20 (80%) patients had normal hearing in the
right ears and left ears. 5 (20.0%) patients and 4 (16%)
patients had mild hearing loss in the right ears and left
ears, respectively. 1 (4%) patient had severe hearing loss
in the right ear and 1 (4%) patient had severe hearing loss
in the left ear.

Table 1 presents the comparison of pure-tone audiometry
conduction and bone conduction threshold values of the
research groups. In the measurements made for the right
and left ears, conduction threshold values at a frequency
of 4000 and 8000 Hz were found to be statistically
significantly higher in the patient group with DM for 5
years or longer (p<0.05). Conduction threshold values at
other frequencies were found to be similar in both groups.
Besides, in the evaluation made for the bone conduction,
it was found that the bone conduction threshold values
of both the right ear and left ear at a frequency of 4000
Hz were statistically significantly higher in the patient
group with DM for 5 years or longer (p<0.05). For both
ears between groups, pure-tone threshold mean values and
disturbing loudness levels were similar.

Speaking threshold and speech discrimination score
values of the participants were compared. In the right
and left ear evaluations, speech acquisition threshold
values were found to be similar in the group with DM for
less than 5 years and the patient with type 1 DM for 5
years or longer. In the right and left ear evaluations, the
speech discrimination score % values had statistically
significantly lower values in the patient group with type 1
DM for 5 years or longer (p<0.05).
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Table 1: Comparison of pure-tone audiometry and conduction and bone ducts hearing threshold values of the study

groups participating in the study.

Children with Type 1 DM diagnosis <5 years

Children with Type 1 DM diagnosis >5 years

(n=15) (=11
Frequencies  Meantsd median minimum maximum  Meantsd median minimum maximum p
Right ear conduction 500 Hz (dB) 13.5:12.0  10.0 0 350 1912250  10.0 5.0 950  0.955
1000 Hz(dB) 12.1£10.1  10.0 0 300 205:290  10.0 5.0 105.0 0473
4000 Hz(dB) 13.6+11.8 100 5.0 350  27.7+240 250 10.0 950  0.026
8000 Hz(dB) 12.1+7.8  10.0 0 250 3094242 20.0 18.0 850  0.006
Left ear conduction 500 Hz(dB)  12.149.9  10.0 5.0 300 2136+238 150 5.0 9.0  0.083
1000 Hz(dB) 10.4:88 7.5 0 250  20.0£274 100 5.0 1000 0.185
4000 Hz(dB) 125498 100 5.0 300 2824290 150 10.0 1100 0.008
8000 Hz(dB) 13.648.6  10.0 5.0 300 3554296 25.0 5.0 1100 0.010
Right ear bone 1000 Hz(dB) ~ 4.3+2.7 5.0 0 100 109199 5.0 0 650 0336
4000 Hz(dB) ~ 6.143.5 5.0 0 100 1732216 100 5.0 80.0  0.028
Left ear bone 1000 Hz(dB) ~ 3.643.6 5.0 0 100 10.0£205 5.0 0 700 0518
4000 Hz(dB) ~ 5.043.4 5.0 0 100 177214 100 5.0 80.0  0.003
Pure-tone threshold  Rightecar  13.1£105  10.0 3.0 320 2004261  10.0 5.0 96.0  0.415
mean value (dB) Left ear 121101 100 2.0 300 21.6+283  13.0 5.0 1050  0.085
Uncomfortable Rightear  107.9:43  110.0 100.0 1100 106.0£52 1100  100.0 1100 0334
sound level(dB) Left ear 107.9+43  110.0 100.0 1100 1060+52 1100  100.0 1100 0.334

Hz: Hertz, dB: Decibel.

The relationship between disease duration, age, and
HbA lc values of the participants in the study with pure-
tone audiometric threshold values, speech acquisition
threshold, and speech discrimination scores were examined
(Table 2). No relationship was found between HbA 1c and
pure-tone audiometric threshold values, speech reception
threshold, and speech discrimination scores. A statistically
significant and positive moderate relationship was found
between the threshold values of conduction measurements
at 4000 and 8000 Hz in both the right and left ears of type
1 DM patients participating in the study and the duration
of the disease. It was found that patients with high disease
duration values had a high right and left ear conduction
threshold values in both frequencies. A statistically
significant and positive moderate correlation was found
between the right and left ear bone conduction thresholds
at a frequency of 4000 Hz and the duration of the discase.
Both right and left ear bone conduction threshold values
at 4000 Hz frequency were also high in patients with
high disecase duration values. There was no statistically
significant relationship between the measurements at

other frequencies and the duration of the disease. There
was no statistically significant relationship between right
and left ear SRT values and disease duration values. A
statistically significant and negative moderate correlation
was found between the right and left ear SD values and
the duration of the disease (p>0.05). SD values of those
with high disease duration values were found to be low in
the study. A statistically significant and positive moderate
correlation was found between the age values of the
participants and the left ear bone canal threshold values
at a frequency of 4000 Hz; no significant relationship was
found between pure-tone audiometric threshold values,
speech reception threshold, and speech discrimination
scores at all other frequencies.

DISCUSSION

The relationship between hearing loss and type 1 DM
started to be discussed by Jordao about 150 years ago
after the report of hearing loss and sudden diabetic coma
(15-17). Some studies have shown that patients with high
blood glucose levels in type 1 DM follow-up have severe
hearing loss, and bilateral sensorineural hearing loss may

Table 2: The relationship between the disease duration, age, and HbA 1c values of the study participants with pure-tone
audiometric threshold values, speech acquisition threshold, and speech discrimination scores.

Spearman’s Right ear conduction Left ear conduction Right ear bone  Left ear bone Right Ear Left Ear
°°r;fl?“°t“ 1000 4000 8000 1000 4000 8000 1000 4000 1000 4000  SRT  SD SRT  SD
fl‘i‘;;c'e“ $  Hz(dB) Hz(dB) Hz(dB) Hz(dB) Hz(dB) Hz(dB) Hz(dB) Hz(dB) Hz(dB) Hz(dB) (dB) (%) dB) (%)
Duration 0.128 0430 0487 0218 0493 0479 0192 0567 0.182  0.681 -0.085 -0.429 -0.136 -0.411
of Illness,  (0.541) (0.032) (0.014) (0.296) (0.012) (0.015) (0.359) (0.003) (0.384) (0.001) (0.692) (0.037) (0.525) (0.046)
years r(p)

Age 0.049 0238 0209 0235 0269 0242 0104 0386 0.182 0487 -0.179 -0.059 -0.203  -0.060
r(p) (0.815) (0.253) (0.317) (0.259) (0.194) (0.244) (0.619) (0.057) (0.384) (0.014) (0.404) (0.783) (0.342) (0.780)
HgAlc -0.118  0.129  0.078 0018 0066 0215 -0.097 0269 0.152 0274 -0.135 -0.121 -0.018 0.044
r(p) (0.575) (0.540) (0.713) (0.933) (0.753) (0.302) (0.646) (0.194) (0.467) (0.185) (0.529) (0.573) (0.933) (0.840)

Hz: Hertz, dB: Decibel, HgAIc: Hemoglobin Alc, SRT: Speech Reception Threshold, SD: Speech Discrimination
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occur in middle frequencies (18-21).

Damage to the inner ear usually begins after the age of 40
and is noticed later when speaking frequencies (500 Hz,
1000 Hz, and 2000 Hz) remain intact. Nonetheless, it can
occur at an earlier age in people exposed to noise and those
with vascular and metabolic diseases. DM is responsible
for overall metabolic sensorineural hearing loss (22). In
this case, it is possible to notice the symptoms of hearing
loss earlier in individuals with DM.

Although hearing loss has been observed for a long time
in patients with type 1 DM, the cause-effect relationship
has not been proven. The pathophysiology of otological
findings in type 1 DM is not fully known, but it is thought
that the auditory impairment is caused by damage to the
inner ear cells or retrocochlear auditory pathways. There
are also studies showing that there may be a relationship
between glycemic control and hearing loss (24). In animal
modeling by Timothy Smith et al., type | DM was created
by applying streptozocin to mice. Subsequently, it was
observed that mice developed cochlear microangiopathy.
Thus, cochlear dysfunction occurred and hearing
thresholds were affected (25). Based on all these studies,
it is seen that DM can affect almost all components of
hearing and cause different degrees of hearing loss (23).
In the study conducted on children with type 1 DM
between the ages of 5-18 hearing threshold values of type
1 DM patients were higher than the control group. Besides,
the auditory thresholds of the patients were positively
correlated with the HbA1C concentration at frequencies
of 250, 500, 1000, and 4000 Hz (17). In our study, a
statistically significant and positive moderate correlation
was found between the right and left conduction threshold
values at 4000 Hz and 8000 Hz, and the right ear bone
canal threshold value at 4000 Hz frequency and the
duration of the disease.

In our study, HbAlc values and pure-tone audiometry
thresholds were compared to support the negative effect
of complications of diabetes on hearing. The relationship
of disease duration, age, and HbA 1¢ values with pure-tone
audiometric threshold values, speech acquisition threshold,
and speech discrimination scores were evaluated.

The significant correlation between HbA 1c concentration
and auditory thresholds in patient groups in the studies
of Elamin et al. (19) and Pessin et al. (20) shows that, if
glycemic control is insufficient, it may be an important
factor in the development of hearing impairment in
patients with type 1 DM. In our study, no relationship

was found between HbAlc and pure-tone audiometric
threshold values, speech acquisition threshold, and speech
discrimination scores. This may be due to the small
number of patients and their short duration of illness.

In a study conducted by Trevino-Gonzalez et al. on 84
children and adolescents with type 1 DM, it was observed
that there was a prevalence of 14.3% (12 of 84 patients)
sensorineural hearing loss. The most affected frequency
is 8000 kHz (26). In our study, a statistically significant
and positive moderate relationship was found between the
threshold values of conduction measurements at 4000 and
8000 Hz in both the right and left ears and the duration of
the disease.

In a study conducted by Silva etal. on the speech perception
performance of patients with type 1 DM, it was found that
pure tone threshold values were significantly higher at
high frequencies and medium frequencies compared to
partially healthy individuals. It was determined that there
is a significant difference for all participants (n = 80 ears)
between the thresholds of receiving speech in silence and
speaking in the noise of the group with type 1 DM and
the control group (27). In our study, the right and left ear
speech discrimination score % values were statistically
significantly lower in the patient group with DM for 5
years or longer.

Based on the studies in the literature, although high-
frequency audiometry was not performed in our study, the
audiometric results of individuals with type 1 DM between
0.125 and 8 kHz were evaluated, and significant results
were obtained. Possibly because patients with type 1 DM
had a short disease duration and the patients were young,
DM complications such as nephropathy or retinopathy
were not observed in the present study. Therefore, the
relationship between diabetic end-organ complications
and hearing loss could not be evaluated.

CONCLUSION

In the light of current knowledge, there is evidence that
DM can cause hearing loss, but we cannot fully state
the cause-effect relationship. Considering the fact that
hearing dysfunctions of patients with type 1 DM may be
asymptomatic, care should be taken to question patients
diagnosed with type 1 DM in terms of hearing. In addition
to cardiological and neurological evaluations, it should not
be ignored that progressive hearing loss can be prevented
in line with the results obtained after a routine ear, nose
and throat examination.
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ABSTRACT

Objective: After the relationship between depression and oxidative stress (OS) was demonstrated, the effect
of antidepressant drugs on OS has become important. In this study, we aimed to determine the effects of the
antidepressant duloxetine on the activities of the superoxide dismutase (SOD), catalase (CAT), adenosine
deaminase (ADA), xanthine oxidase (XO) and glutathione peroxidase (GSH-Px) enzymes as well as the lipid
peroxidation (LP) product malondialdehyde (MDA) and nitric oxide (NO) levels in rat brains.

Material and Method: Twenty male Sprague-Dawley rats were used for the study. The first group was the
control group (n=10) and the second group was the duloxetine group (n=10). Duloxetine was administered
intragastrically once a day at a dose of 10 mg/kg for two weeks in the second group. Water was administered
intragastrically once a day for two weeks in the first group. Rats were sacrificed at the end of the fourteenth day.
The brain tissues were collected and then analyzes were performed.

Results: As a result of this study, we found that duloxetine increased the SOD (P=0.026) activity and decreased
the ADA (P=0.041), XO (P=0.034) and CAT (P=0.006) activities significantly compared to the control group. We
also found an increase in the GSH-Px enzyme activity and decrease in the NO and MDA levels at non-significant
rates in the duloxetine group brain tissues.

Conclusion: The significant increase in the activity of the antioxidant enzyme SOD, the significant decrease
in the activities of the XO and ADA enzymes, which can cause the formation of reactive oxygen products in the
organism, and the insignificant decrease in the LP indicator MDA suggest that duloxetine can positively change
the antioxidant status in rat brain tissues.

OZET

Amag: Oksidatif stres (OS) ve depresyon arasindaki iliski gosterildikten sonra antidepresanlarin OS iizerine
etkisi onemli hale gelmistir. Bu ¢alismanin amact duloksetinin rat beyin dokularindaki katalaz (CAT), stiperoksit
dismutaz (SOD), adenozin deaminaz (ADA), ksantin oksidaz (XO) ve glutatyon peroksidaz (GSH-Px) enzim
aktiviteleri ile nitrik oksit (NO) ve malondialdehid (MDA) diizeylerine etkilerini arastirmaktir.

Gereg ve Yontem: Calismaya birinci grup kontrol grubu (n=10) ve ikinci grup duloksetin grubu (n=10) olmak
tizere toplam yirmi tane Sprague-Dawley cinsi erkek rat alindi. Duloksetin grubuna giinde bir defa 10 mg/kg
dozunda intragastrik yoldan iki hafta siireyle duloksetin verildi. Kontrol grubuna da giinde bir defa iki hafta
stireyle intragastrik olarak su verildi. On begsinci giinde tiim ratlar sakrifiye edilerek beyin dokulari ¢ikarildi ve
incelemeler yapildi.

Bulgular: Calismamizda duloksetinin rat beyin dokularinda kontrol grubuna kiyasia SOD (P=0,026) enzim
aktivitesini anlaml diizeyde artirdigint ve XO (P=0,034), ADA (P=0,041) ve CAT (P=0,006) enzim aktivitelerini
anlamli diizeyde azalttigimi saptadik. Ayrica GSH-Px enzim aktivitesini anlamli olmayan diizeyde artma ve MDA
ile NO diizeylerinde ise anlamli olmayan diizeyde azalma saptadik.

Sonug¢: Calismamizda antioksidan bir enzim olan SOD enzim aktivitesinin anlamli diizeyde artmasi, organizmada
reaktif oksijen tiriinleri olusumuna neden olabilen XO ve ADA enzim aktivitelerinin anlaml diizeyde azalmasi ve
LP gostergesi olan MDA nin artmayip, anlaml diizeyde olmasa da azalmasi duloksetinin antioksidan durumu
olumlu yonde degistirebilecegini diisiindiirmektedir.

Efkan Uz3
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INTRODUCTION

Reactive oxygen species (ROS) are continuously
produced by all body tissues, especially during oxidative
phosphorylation (1). Under physiological conditions, these
ROS are eliminated by cellular antioxidant mechanisms.
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However, under pathological conditions, there is a shift
towards an oxidative state due to an increase in oxidant
markers, a decrease in antioxidant mechanisms, or both
(2). Oxidative stress (OS), defined as the disruption of this
balance in the oxidant-antioxidant system in favor of the
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oxidant system (3). A persistent increase in OS can lead to
cell and tissue damage (2). In particular, the brain is more
sensitive to ROS due to its high lipid content and high
energy demand (4).

Evidence, especially in the last two decades, reveals that
an imbalance between the oxidant system and antioxidant
defenses is involved in the pathogenesis of depression
(5). For example, studies in patients with depression
have indicated that increased ROS production and
decreased antioxidative defense systems are responsible
for the altered brain structure of these patients. (6,7).
The mechanisms of action of antidepressants are still not
fully understood despite their use for many years. The
hypothesis that these drugs regulate noradrenergic and
serotonergic neurotransmitter systems has been dominant
until today (8). However, recent studies have shown that,
these drugs also have antioxidant effects, based on which
a new concept of antidepressant mechanism of action has
been proposed (9).

Duloxetine is a drug, that acts by inhibiting the reuptake
of both serotonin and noradrenaline in the central nervous
system (CNS) (10). The positive role of duloxetine in the
activation of antioxidant defense and its anti-inflammatory
properties have been demonstrated in some studies (11-14).
In an animal study, duloksetin significantly increased the
expression of antioxidant enzyme Cu-Zn-SOD in gerbil
hippocampal pyramidal neurons (14), in a cell culture study
conducted with PC 12 neuronal cells, duloxetine increased
the GSH-Px enzyme levels (11), in a mice study, duloxetine
reduced the stressor-induced increased brain MDA levels,
and increased the SOD and CAT enzyme levels (15), in an
another rat study, it was found that duloxetine reversed the
hippocampal methamphetamine-induced increased MDA
levels and decreased SOD and GSH-Px enzyme activities
(16). No study has been found in the literature examining
the effects of duloxetine on ADA and XO enzymes. The
data obtained from these studies suggest that duloxetine
may activate mitochondrial antioxidant systems and plays
a role in neuroprotection against some neurotoxic agents.
However, there are very few studies directly demonstrating
this neuroprotective effect. We thought that, in addition
to its effect on neurotransmitters such as serotonin and
noradrenaline, duloxetine may have positive effects on
the oxidant-antioxidant system balance by strengthening
antioxidant defense systems. In this study, we aimed to
investigate the effects of duloxetine on SOD, XO, GSH-
Px, ADA and CAT activities, which are enzymes related
to the oxidant-antioxidant system, MDA levels, which is
an indicator of LP, and NO levels, an inorganic radical, in
rat brain tissues.

MATERIAL AND METHOD

This study was carried out in Siilleyman Demirel
University Faculty of Medicine Experimental Animal
Research Laboratory and Department of Medical Biology
Laboratory. The study was approved by the Local
Ethics Committee for Animal Experiments of Siileyman
Demirel University Faculty of Medicine (decision no. 04
dated 27.05.2010) and supported by Siileyman Demirel
University Scientific Research Projects Management Unit
under project no. 2183-TU-10.

Experimental Animals
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The total number of animals included the study (sample
size) was calculated by using the resource equation method
(17). In this study, a total of 20 male Sprague-Dawley rats
aged 8-12 weeks and weighing 200-250 g were used. They
were obtained from Siileyman Demirel University Faculty
of Medicine Experimental Animal Research Laboratory
Production Unit. During the experiment, the rats were
kept under standard light, humidity, and temperature
(25° C) conditions. Feed and water were not restricted
throughout the experiment. They were divided into 2
groups as control group and duloxetine experimental
group. In the duloxetine experimental group, duloxetine
was dissolved in water and administered intragastrically
once daily at a dose of 10 mg/kg for two weeks. The
control group was given intragastric water at a single dose
of 10 ml/kg for two weeks (18). The weight of the animals
was monitored every three days and the drug dose was
adjusted accordingly.

Anesthesia and Tissue Samples

Feeding of all rats was discontinued overnight except
water, and anesthesia was induced by i.p. administration
of a ketamine hydrochloride (90 mg/kg) and xylazine
(10 mg/kg) mixture approximately 24 hours after the last
treatment, i.e., on the 15th day of the experiment.

All rats were sacrificed after anesthesia and brain tissues
were removed. The brain tissue samples were stored at
-20°C.

Preservation, Homogenization and Preparation of
Samples for Experiment

Brain tissue samples were homogenized in 50 mM Tris-
HCI buffer (pH 7.4) and transferred to glass tubes while
maintaining their cold temperatures. After that, the
samples were centrifuged at 16 000 rpm for 3 minutes.
The homogenates were placed in Eppendorf tubes without
increasing the temperature, and the NO, MDA and
protein levels were determined. The homogenates were
centrifuged again at 5000 rpm at +4°C for 30 minutes,
and the supernatant was obtained. ADA, XO, and CAT
detection assays were performed. The supernatants were
diluted and vortexed with chloroform/ethanol to 1/1
(v/v) and then centrifuged at 3200 rpm at +4°C for 40
minutes. Protein levels and GSH-Px, SOD activities were
determined on the supernatant.

Detection of Catalase Activity

The rate of degradation of hydrogen peroxide (H202)
by CAT was measured spectrophotometrically by Aebi’s
method using the light absorption of H202 at a wavelength
of 240 nm (19). The results obtained were calculated as k/
gr protein.

Detection of Glutathione Peroxidase Activity

GSH-Px catalyzes the oxidation of reduced glutathione to
oxidized glutathione. Oxidized glutathione is converted to
reduced glutathione with the help of glutathione reductase
and NADPH. The GSH-Px activity was calculated by
measuring the change in absorbance at 340 nm due to the
decrease in NADPH. The activity was recorded as units
per gram of protein (U/gr) (20).

Detection of Superoxide Dismutase Activity

Detection of SOD activity is based on the inhibition by SOD
of the reduction of nitroblue tetrazolium by superoxide
anions in the medium. The resulting superoxide radicals
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Table 1: SOD, CAT, XO, ADA and GSH-Px activities and MDA and NO levels in rat brain tissues.

Groups SOD CAT GSH-Px MDA NO X0 ADA

(U/mg protein)  (k/g protein) (U/g protein) (nmol/g protein) (pmol/g protein)  (U/g protein) (U/g protein)
I-Control 0.736 +0.120 0.083+£0.013 68.52 +17.40 15.78 £0.617 0.244 +0.089 0.454 +0.093 0.320 +0.040
(n=10)
II-Duloxetine  0.858 +0.153 0.069 + 0.005 86.24 £22.19 15.05+1.123 0.168 +0.083 0.342 +£0.106 0.276 +0.038
(n=10)
P values 0.026 0.006 0.089 0.112 0.140 0.034 0.041

The results are shown in arithmetical values mean + standard deviation. SOD. Superoxide dismutase, CAT: Catalase, ADA: Adenosine deaminase,
XO: Xanthine oxidase, GSH-Px: Glutathione peroxidase, MDA: Malondialdehyde, NO: Nitric oxide

SOD (U/mg protein) XO (U/g protein)
1
3
Placebo Duloxetine Placebo Duloxetine
CAT (k/g protein) ADA (U/g protein)

Placebo

Duloxetine

| .

Placebo

Dulozetine

Figure 1: The duloxetine group was compared with the control (placebo) group. 1. The SOD activity was higher in du-
loxetine group (p= 0.026). 2. The CAT activity was lower in duloxetine group (p= 0.006). 3. The XO activity was lower
in duloxetine group (p=0.034). 4. The ADA activity was lower in duloxetine group (p= 0.041).

reduce nitroblue tetrazolium in the medium and form a
colored complex. This complex formation was measured
in a spectrophotometer at a wavelength of 560 nm. When
SOD is present in the medium, there is no reduction, and
a light color is observed in relation to the activity of the
enzyme. The results obtained were calculated as U/mg
protein (21).

Detection of Adenosine Deaminase Activity

The absorbance of ammonia by the reaction of ADA
with adenosine was measured with a spectrophotometer
at a wavelength of 628 nm. The results obtained were
calculated as U/gr protein (22).

Detection of Xanthine Oxidase Activity

The absorbance of uric acid formed from xanthine was
determined spectrophotometrically at a wavelength of 293
nm. The results were calculated as U/gr protein (23).
Detection of Nitric Oxide Levels: The NO levels in the
tissues were measured by the Griess method (24). The
results obtained were calculated as pmol/g protein.
Detection of Malondialdehyde Levels

Increased free radical formation at the end of LP was
measured using the method of Draper and Hadley (25).
MDA reacts with thiobarbituric acid to form a colored
complex with maximum absorbance at 532 nm. The MDA
concentration was calculated as nmol/g protein.

Protein Detection in Samples: The protein content was
measured using bovine serum with albumin as the standard.
This method is a combination of the biuret reaction and
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the Folin-Ciocalteau reaction under alkaline conditions.
Formation of a dark blue color is characteristic. The
darkness of the color is directly proportional to the protein
concentration in the medium (26).

Statistical analysis

A Windows-compatible computer program SPSS 9.0
(SPSS, Inc., Chicago, IL, USA) was used for statistical
analysis. Since the distributions of the groups were
not normal, the Mann-Whitney U test, one of the non-
parametric tests, was used to compare the groups. Values
are given as arithmetic mean + standard deviation and for
statistical significance; p<0.05 values were considered
significant.

RESULTS

Table 1 shows the SOD, CAT, GSH-Px, XO and ADA
activities as well as the NO and MDA levels in the rat
brain tissues of the two groups in our study. Duloxetine
group revealed a statistically significant decrease in the
CAT (p=0.006), XO (p=0.034) and ADA (p=0.041)
activities, whereas a statistically significant increase was
shown in the SOD activity (p=0.026), compared to the
control group. There was a statistically non-significant
decrease in the MDA and NO levels and a statistically
non-significant increase in the GSH-Px activity in the
duloxetine group compared to the control group. The
graphical representation of the SOD, CAT, XO and ADA
activities measured in the brain tissues are given in Figure
1, respectively.
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DISCUSSION

Withregard to the etiology of depression, evidence from the
last two decades reveals an imbalance between the oxidant
system and antioxidant defenses (5). Therefore, another
potential target of antidepressant drug regulation should
be intracellular antioxidant enzymes because antioxidant
enzymes act to lower the OS levels of cells by scavenging
free radicals, thereby working to prevent cell damage and
neuronal death (27). Antioxidant enzymes are important
for the brain as the brain is more vulnerable to OS (5).
This study is the first in the literature to examine certain
parameters of both oxidant and antioxidant systems of
duloxetine in the same environment. The most important
finding in our study was that we found a significant
increase in the SOD activity and a significant decrease in
the CAT, XO, and ADA activities in the duloxetine group.
We also found a non-significant increase in the GSH-Px
activity and a non-significant decrease in the MDA and
NO levels in the duloxetine group.

The literature involves several studies showing
that duloxetine has a protective effect against OS
(11,12,16,28,29). In an in vitro experimental study, it
was found that TRPM2 and TRPVI channel activities
involved in Ca2+ entry-induced oxidative neuronal death
in rat hippocampus and DRGs decreased with duloxetine
treatment, and it was suggested that this was the mechanism
for apoptosis and the neuroprotective effect (12). In an
in vitro experimental study in human neuroblastoma
SH-SY5Y cells, it was shown that duloxetine had the
potential to reduce ROS damage through the Akt/
Nrf2/HO-1 protective signaling pathway and exhibited
neuroprotective effects (28). In an ischemia-reperfusion
animal experiment, pretreatment with duloxetine protected
gerbil hippocampal pyramidal neurons from ischemia
associated delayed neuronal damage. Pretreatment with
duloxetine did not increase LP markers and significantly
increased the SOD, an antioxidant enzyme, after
ischemia-reperfusion, in neurons. As a result, it has been
suggested that duloxetine has a neuroprotective effect
against transient global cerebral ischemia, which may be
due to the reduction of OS (14). In our study, in support
of these findings in the literature, the duloxetine group
demonstrated a significant increase in the activity of
SOD, an antioxidant enzyme, and a decrease, although
non-significant, in the levels of MDA, a LP product that
is an OS indicator. These findings suggest that duloxetine
may change the antioxidant status positively, hence
may contribute positively to the imbalance between
the oxidant system and antioxidant defenses, which is
suggested to be involved in the etiology of depression. In
a cell culture study in PC 12 neuronal cells, duloxetine
was shown to be beneficial against apoptotic cell death
and OS, which appear to be due to increased intracellular
Ca+2 levels through activation of voltage-gated Ca+2
and TRPM2 channels, and the antioxidant GSH-Px and
GSH levels were determined significantly higher in the
duloxetine group (11). Although there was no statistically
significant increase in the GSH-Px activity in our study,
in the duloxetine group, the fact that it tended to increase
supports this finding. That is because, SOD enzymes
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are involved in the catalytic dismutation of the toxic
superoxide radical, and H202 is produced in this process.
H202, the resulting reactive oxygen product, is eliminated
by peroxidases such as GSH-Px (30).

An animal study with mice, evaluating the effect of
duloxetine on chronic immobilization stress (CIS)-
induced cognitive impairment and neurodegeneration,
also assessed its effect on OS, as a result of which it was
found that duloxetine pretreatment at doses of 10 and 20
mg/kg provided a dose-dependent decrease in elevated
brain MDA levels and an increase in reduced brain GSH,
SOD and catalase enzyme activities. Based on these
findings, the authors concluded that the reduction of OS
may be one of the mechanisms of the protective effect
of duloxetine against neuropsychiatric symptoms caused
by the CIS (15). Another study with rats showed that
duloxetine treatment may have a protective effect against
OS by reversing the increase in the level of MDA, which
is a marker of methamphetamine-induced increased LP
in animal brains, and the decrease in GSH-Px, SOD, and
Glutathione reductase enzyme activities, which are the
enzymes of the antioxidant defense system in hippocampal
tissues (16). In a study analyzing the possible protective
role of single-dose duloxetine against pentylenetetrazol
(PTZ)-induced convulsive seizures in mice, brain OS
parameters were also evaluated. There was a statistically
significant decrease in both SOD and CAT activities and
a statistically significant increase in LP in the cerebral
cortex of PTZ-administered mice. However, in the group
receiving a single dose of 20 mg/kg duloxetine, this effect
of PTZ was not observed and SOD and CAT activities
were preserved, and it was suggested that this modulation
of SOD and CAT enzymes may have a role in antioxidant
protection (31). We also found results that support these
data in the literature. In our study, we found a significant
increase in the brain’s total SOD activity, an antioxidant
enzyme. Although the significant decrease in CAT activity
suggests that duloxetine may have a negative effect on the
antioxidant system, an increase in the level of GSH-Px,
another antioxidant enzyme that removes H202 in the
environment like CAT, although not at a significant level,
and not an increase but conversely a decrease in the level
of MDA, a LP product, which is one of the important
markers of OS in tissues, although not at a significant
level, suggest that duloxetine may have positive effects on
the antioxidant system.

XO forms reactive oxygen products in living organisms. It
converts hypoxanthine into xanthine and xanthine into uric
acid. In these reactions, molecular oxygen is converted to
superoxide. In the brain tissue, which is rich in oxygen and
requires a lot of energy, this enzyme is activated for the
destruction of the ATP used and produces free radicals that
damage the tissue as a result of their reactions (32). ADA
is also an aminohydrolase in purine metabolism (33). In a
study conducted in patients with major depression, ADA
and XO levels were found to be high before treatment.
Significant decrease in XO levels and increase in ADA
levels were observed after eight weeks of antidepressant
treatment (34). In another study conducted by the same
researchers in panic patients, ADA and XO levels were
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found to be significantly higher in patients, and after eight
weeks of antidepressant treatment, ADA activity increased
and XO activity significantly decreased (35). As a result,
it has been stated that increased purine metabolism in
depression and panic patients can be controlled with
antidepressant treatment. Also in our study, the significant
decreases in the XO and ADA activities of the duloxetine
group support that purine catabolism is decreased in the
organism, thereby reducing radical formation. These
results can be considered as a supportive parameter that
duloxetine may help increase the resistance of the brain
against oxidative damage.

NO is an inorganic free radical that the form of a colorless
gas and has an odd number of electrons. In vivo studies have
shown that NO regulates the levels of serotonin, dopamine,
GABA and glutamate in the CNS. However, excessive NO
synthesis has been found to damage neurons (36). Studies
evaluating the effect of duloxetine on NO are available in
the literature (37). For example, in a study using the comet
assay on mouse liver and brain cells, duloxetine caused
significant DNA damage and increased DNA, lipid, protein
and NO oxidation in both organs mainly after 9 hours. Even
at a dose of 2 mg/kg, duloxetine has been reported to have
the capacity to damage DNA, and it has been suggested
that this effect may be due to its oxidative potential (37). In
our study, we found a non-significant decrease in rat brain
NO levels after duloxetine treatment for 14 days. This non-
significant decrease caused by duloxetine on the NO levels
suggested that it would not have a negative effect on the

oxidant-antioxidant system at least through NO, which is
an inorganic free radical. Perhaps duloxetine may have an
oxidative potential by increasing NO oxidation in the acute
period in short-term applications (37), however, in long-
term treatments such as the one in our study, this oxidative
effect it has through NO may be eliminated.

The most important limitation of our study is that the results
are preliminary for clinical use because it was performed
on rats. The superiority of our study over similar studies
in the literature is that it is the only study that evaluated
the direct effect of duloxetine on the oxidant-antioxidant
system in such a wide range. The studies on this subject are
predominantly laboratory studies similar to ours, thus there
is a need for further clinical studies.

CONCLUSION

The importance of the antioxidant system is indisputable,
especially in the brain tissue, which is weak against oxidant
radicals formed due to high oxygen utilization. Increase in
SOD activity by duloxetine, the antidepressant drug we use,
may strengthen the protective system thereby rendering the
brain more resistant and stronger against stress. Decreases
in XO and ADA activity, which are involved in purine
catabolism, are also supportive parameters related to the
increase of this resistance. In addition, a decrease in the
level of MDA, a LP product, and NO, an inorganic free
radical, although not at a significant level, suggests that
duloxetine may have a protective effect on the brain against
OS.
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ORIGINAL ARTICLE

Relationship Between Pulmonary Thromboembolism and Neutrophil

Albumin Ratio

Pulmoner Tromboemboli ve Nétrofil Albiimin Orani Arasindaki liski

Omer Faruk Cicek' iclal Hocanh?

1 Health Sciences University, Mehmet Akif Inan Training and Research Hospital, Department of Cardiology, $anlurfa, Tiirkiye

2 Clinic of Immunology and Allergic Diseases, Ankara Bilkent City Hospital, Ankara, Tiirkiye

ABSTRACT

Objective: Pulmonary Thromboembolism (PTE) is a serious clinical condition and is common all over the
world, requiring early diagnosis and treatment. Laboratory data and radiological imaging provide support in
its diagnosis. The purpose of the present study is to investigate the clinical significance of neutrophil to albumin
ratio (NAR) in patients who are diagnosed with PTE.

Material and Method: A total of 150 cases who of 100 patients with a diagnosis of PTE and 50 healthy volunteers
without a history of smoking or any comorbidities were included in the study. Complete Blood Count (CBC) and
biochemical data were evaluated retrospectively. NAR was calculated as the ratio of neutrophil to albumin.
Results: A total of 150 cases (84 male (56%) and 66 (44%) female) were included in the study. Neutrophil
Albumin Ratio (NAR), were found to be statistically and significantly elevated in the patient group (p<0.001).The
Serum NAR value showed a positive correlation with the Serum d-dimer value (r:0.488, p<0.001).

Conclusion: It is possible to argue that NAR, which is a novel, cheap, and easily calculable biomarker, can be a
useful parameter for the diagnosis of patients with PTE.

OZET

Amag: Pulmoner tromboemboli (PTE), tiim diinyada sik goriilen ve erken tani ve tedavi gerektiren ciddi bir
klinik tablodur. Tani koymada, hem laboratuvar verileri hem de radyolojik goriintiileme destek saglamaktadur.
Calismanin amaci, PTE tanili hastalarda nétrofil albumin oraninin (NAR) klinik 6nemini arastirmaktir.

Gereg ve yontem: Calismaya, PTE tanili 100 hasta ve sigara i¢gme 6ykiisii ve komorbidite oykiisii olmayan 50
saglikl goniillii olmak iizere toplam 150 olgu dahil edildi. Tam kan sayimi ve biyokimyasal veriler retrospektif
olarak elde edildi. NAR, nétrofilin albumine orani olarak hesaplandi.

Bulgular: Calismaya 84 i erkek (%56) ve 6651 (%44) kadin olmak iizere toplam 150 vaka dahil edildi. NAR,
hasta grubunda istatistiksel olarak anlamli diizeyde yiiksek bulundu (p<0,001). Serum NAR degeri, serum
d-dimer degeri ile pozitif korelasyon gosterdi (r:0,488, p<0,001).

Sonug: Yeni, ucuz ve kolay hesaplanabilen bir biyobelirte¢ olan NAR, PTE hastalarimin tanisinda yararl bir
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parametre olabilir.

INTRODUCTION

Pulmonary Thromboembolism (PTE) is a serious clinical
condition and is common all over the world, requiring
early diagnosis and treatment. PTE is characterized by
pulmonary circulatory disorder that results from partial or
complete occlusion of the pulmonary artery by thrombi
that originate from the deep veins of the lower extremities
(1). Laboratory data and radiological imaging provide
support in its diagnosis (2,3).

Intense inflammation develops in PTE after the rapid
release of inflammatory cells in the pulmonary artery wall
and peaks in two days (4). It was reported in previous
studies that some novel biomarkers in this inflammatory
response play important roles in the diagnosis of PTE
and predicting its prognosis (5-7). Neutrophils initiate the
early inflammatory response after the acute infection. In
this respect, an elevated neutrophil count is an important
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marker for systemic infection (8). Albumin is a negative
acute phase reactant, decreases in acute infection, and is
an important marker of mortality (9). Many studies are
emphasizing the importance of neutrophils and albumin in
the pathogenesis of PTE (10,11).

Neutrophil Albumin Ratio (NAR) is a novel inflammatory
biomarker and was reported in many previous studies to
be an important prognostic biomarker (12-14). When the
literature was reviewed, no study was detected examining
the relationship between PTE and NAR. The purpose
of the present study is to investigate the NAR value in
patients who are diagnosed with PTE and to pioneer future
studies to be conducted on this subject.

MATERIAL AND METHOD

A total of 120 patients who were followed up with a
diagnosis of PTE in our hospital between June 2019 and
May 2023 were reviewed in this retrospective study. The
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study was approved by the Institutional Ethics Committee
of Harran University, Faculty of Medicine (Approval
No. HRU/23.12.19, Date: 10.07.2023). The patients who
were under 18 years of age, those with acute or chronic
inflammatory diseases, active cancer, a history of acute
attacks of Chronic Obstructive Pulmonary Disease
(COPD), and patients with a history of nephrotic and/
or hepatic disease that would cause hypoalbuminemia
were excluded from the study. A total of 20 patients were
excluded from the study according to these criteria. As a
result, a total of 100 patients and 50 healthy volunteers
without a history of smoking or any comorbidities were
included. The demographic data and laboratory parameters
of the patients were taken from the digital archive and
recorded. The diagnosis of PTE was made with pulmonary
angiographic computed tomography.

Blood samples were taken from the patients on the first day
of their hospitalization. Complete Blood Count (CBC) and
biochemical data were evaluated retrospectively. NLR was
calculated as the ratio between the number of neutrophils
and lymphocytes, LMR as the ratio between the number of
lymphocytes and monocytes, CAR as the ratio of CRP to
albumin, and NAR as the ratio of neutrophils to albumin.

Statistical Analysis

The SPSS for Windows version 22.0 (SPSS Inc., IL,
USA) was used for statistical analyses. The Kolmogorov-
Smirnov Test was used to evaluate whether the continuous
data were distributed normally. The continuous data were
expressed as Mean = SD or Median (25-75 IQR) and were
compared by using the Student’s t or Mann-Whitney U
Tests depending on their distributions. Receiver Operating

Characteristics (ROC) Curve Analysis was used to
determine the optimal cutoff value of NAR to predict PTE.
The correlation between NAR and d-dimer parameters
was determined by using the Spearman Test and a p-value
of <0.05 was considered statistically significant.
RESULTS

A total of 150 cases (84 male (56%) and 66 (44%) female)
were included in the study. The demographic and laboratory
data of the patients are given in Table 1. When compared
to the Control Group, C-Reactive Protein (CRP), White
Blood Cell (WBC), leukocyte and d-dimer values were
significantly higher in the patient group, and albumin
and lymphocyte values were statistically lower. Among
the patients who were diagnosed with PTE, 28% had
Congestive Heart Failure (CHF), 18% had Hypertension
(HT), 18% had Chronic Obstructive Pulmonary Disease
(COPD), and 15% had Diabetes Mellitus (DM).

As novel biomarkers, Neutrophil Lymphocyte Ratio
(NLR), Lymphocyte Monocyte Ratio (LMR), C-RP
Albumin Ratio (CAR), and Neutrophil Albumin Ratio
(NAR), were found to be statistically and significantly
elevated in the patient group (p<0.001, p<0.001, p<0.001,
p<0.001, respectively) (Table 1).

The correlation between the variables was given by
using the Spearman Test. The Serum NAR value showed
a positive correlation with the Serum d-dimer value
(r:0.488, p<0.001) (Table 2).

The ROC Curve Analysis was performed to determine the
cut-off value of NAR in predicting PTE, which was found
to be > 1.09 with 81% sensitivity and 72% specificity
(AUC: 0.859, P<0.001) (Figure 1).

Table 1: Comparison of demographic and laboratory data between groups.

PATIENT GROUP CONTROL GROUP ]
(n=100) (n=50)

Age, year 63.0 (47.2-73.7) 56.0 (47.7-59.0) 0.16

Gender, (m/f) 43/57 41/9 <0.001
Urea, mg/dL 39.0 (29.0-54.5) 26.5 (23.0-34.0) <0.001
Creatinine, mg/dL 0.8 (0.6-1.0) 0.8 (0.7-1.0) 0.82

Albumin, g/ dL 3.4 (3.1-3.8) 4.4 (4.1-4.7) <0.001
CRP, mg/dL 19.3 (10.5-47.2) 0.3 (0.1-0.4) <0.001
WBC, x103/mL 10.7 (7.6-14.0) 6.6 (6.0-7.6) <0.001
Neutrophil, x103/mL 8.0 (5.0-11.3) 3.7 (3.1-4.9) <0.001
Lymphocyte, x103/mL 1.7 (1.0-2.4) 2.2 (1.8-2.5) 0.001
Monocyte, x103/mL 0.7 (0.5-1.0) 0.4 (0.3-0.5) <0.001
Platelet, x103/mL 249.5 (190.2-316.5) 253.8 (221.5-331.0) 0.350
MCYV, fL 85.9+94 873+54 0.236
RDW, % 144+35 126 1.5 0.001
d-dimer 3.6 (1.4-6.6) 0.2 (0.1-0.3) <0.001
CAR 5.8 (3.6-13.2) 0.06 (0.02-0.93) <0.001
NLR 4.6 (2.2-8.4) 1.7 (1.3-2.2) <0.001
LMR 2.9 (1.6-4.3) 5.2(3.9-8.0) <0.001
NAR 2.2 (1.6-3.5) 0.9 (0.7-1.1) <0.001

CRP, C-reactive protein; WBC, white blood cell; MCV, mean corpuscular volume; RDW, red cell distribution width; CAR, C reactive protein to albumin

ratio; NLR: Neutrophil to lymphocyte ratio; LMR: Lymphocyte to monocyte ratio; NAR: Neutrophil to albumin ratio.
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Table 2: Spearsman correlation of variables.

NAR
Correlation Coefficient 488%*
D-dimer p <0.001
n 150
* p<0,001.
DISCUSSION

In the present study, the clinical importance of NAR,
which is a novel inflammatory marker, was investigated in
patients with PTE. The important results of the study were
that NAR had high sensitivity in the diagnosis of PTE
and showed a positive correlation with d-dimer. Also, this
study is the first to investigate the relationship between
NAR and PTE.

The role of systemic inflammation in PTE was
investigated in many previous studies. It was reported
that an inflammatory reaction characterized by increased
cytokines and inflammatory cell influx occurs in the
pulmonary artery wall because of endothelial damage
caused by thrombus (15). Therefore, it is possible to argue
that biochemical and hematological parameters can play
important roles in the diagnosis, follow-up, and prognosis
evaluation of PTE. In their study, Giilen et al. compared the
NLR, MPV, and WBC values in patients with PTE at the
time of diagnosis and after treatment and found that these
values decreased significantly at the end of treatment,
and they argued that NLR, MPV, and WBC could be
important biomarkers that can be used in the diagnosis and
follow-up of PTE (16). Caltekin et al. argued that LMR
can be used as a prognostic biomarker in stroke cases
(17). Several studies examining the relationship between
CAR and patients with PTE emphasized that CAR may
be both a risk-increasing factor for the disease and an
independent predictive factor of mortality (7,18,19). In
the present study, as a result of the examination of the
blood samples taken at the time of diagnosis of patients
with PTE, the NLR, LMR, and CAR values were found
to be significantly higher than in the Control Group.
Novel inflammatory markers can be used in the diagnosis,
follow-up, and prognosis evaluation of PTE because this
result supports previous studies.

NAR is a novel inflammatory biomarker and was
considered an important prognostic factor in different
pathologies such as cancer, sepsis, and diabetic retinopathy
(20-22). It is an inflammatory cell initiating the stimulus
for the development of neutrophils and thrombus and
is necessary for their spread (23,24). In addition to the
anti-inflammatory characteristics of albumin, which is a
negative acute phase reactant, it also plays important roles
in antioxidant, anticoagulant, and anti-platelet aggregation
(25,26). Many studies emphasized that elevated serum
neutrophil and low serum albumin values are strong and
independent markers for mortality in patients who are
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Figure 1: Receiver operating characteristics (ROC) cur-
ve of NAR for predicting the PTE.

diagnosed with PTE (27-29). However, no study has been
conducted yet on NAR in patients diagnosed with PTE.
In the present study, the relationship between PTE and
NAR was investigated for the first time, and statistically
significant high NAR values were detected in PTE patients.
According to the results of the present study, we think that
NAR may be an important marker in the diagnosis of PTE.
Early diagnosis and treatment are vital in PTE because
it is associated with high mortality. The d-dimer, a
fibrin degradation product formed by the endogenous
fibrinolytic system, is among the most frequently used
laboratory parameters in its diagnosis and follow-up (30).
The relationship between PTE and d-dimer was reported
in many previous studies (31,32). In the present study,
d-dimer levels were found to be significantly elevated in
patients with PTE. For the first time, the present study
showed a positive correlation between NAR as a novel
inflammatory parameter and d-dimer levels. Based on this
result, evaluating both parameters together may be more
effective and helpful in the diagnosis of PTE.

The present study had some limitations, which include the
fact that the study had a single-centered design, the lack of
long-term follow-up data of the patients, and the inability
to make clinical classifications because of insufficient
data.

In conclusion, it is possible to argue that NAR, which is
a novel, cheap, and easily calculable biomarker, can be a
useful parameter for the diagnosis of patients with PTE.
We also think that the present study, which investigated
the relationship between PTE and NAR for the first time,
will guide future studies to be conducted with larger
populations.
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Keywords:
ABSTRACT T2* MRI
Objective: Repetitive transfusion is a treatment option in patients with thalassemia, but this causes iron ADC
accumulation in various organs, especially the liver. In this study, it is aimed to present our own experience in Tron-loaded liver
the correlation of serum ferritin concentrations with liver T2* MR measurements and ADC values in thalassemia
patients.
Materials and methods: Seventy-four consecutive patients who underwent T2* MR examination of the liver due
to beta thalassemia were included in the study. Liver T2* and ADC measurements and ferritin measurements of
the patients included in the study were compared. MRI examination was performed with 3T scanner. Multiecho
gradient echo was used for T2* MRI examinations. T2* and ADC measurements were made from 4 different
regions of the liver, one each from the medial and lateral segments of the left lobe and one each from the anterior
and posterior segments of the right lobe. Spaerman correlation analysis was performed to evaluate the correlation
between serum ferritin levels and R2* and ADC measurements.
Results: Thirty-two patients (43.24%) were female and and forty-two (56.76%) were male. There was moderate
correlation between serum ferritin and liver T2* measurements (r= -0.52 p<0.01). The highest T2 value was
measured in the left lobe medial segment of the liver as 7.85 ms and the lowest was measured in the right lobe
posterior segment of the liver as 6.5 ms. There was weak correlation between serum ferritin and ADC (r=-0.41,
p<0.01). The highest ADC value was measured in the left lobe medial segment of the liver as 908.90 mm2/s
and the lowest was measured in the right lobe anterior segment of the liver as 766.78. There was a moderate-
high correlation between liver T2* measurements and ADC measurements. This correlation was higher than the
correlation between serum ferritin and liver T2* measurements.
Conclusion: Correlations between the serum ferritin measurements and both ADC and T2* measurements are
lower than those found with 1.5T in the literature. The correlation of ADC with serum ferritin is lower than the
correlation between serum ferritin and T2*MR, so we do not think ADC is as useful as T2* measurements in
assessing liver iron accumulationin in thalassemia patients.
OZET
Amag: Talasemi, hastalarinda tekrarlayict transfiizyon bir tedavi opsiyonudur, fakat bu durum basta karaciger
olmak iizere degisik organlarda demir birikimine neden olmaktadir. Bu ¢alismada talasemi hastalarinda, serum
ferritin konsantrasyonlari ile karaciger T2* MR él¢iimleri ve ADC degerlerinin korelasyonu konusundaki kendi
deneyimimizin sunulmast amaglanmigtir.
Gereg ve yontem: Beta talasemi nedeni ile karacigere yonelik T2* MR tetkiki yapilan ardisik 74 olgu ¢calismaya
dahil edilmistir. Olgularin karaciger T2* ve ADC él¢iimleri ile ferritin olgiimleri karsilastirildi. MR incelemesi
3T tarayict ile yapiudi. T2* MR incelemelerinde multieko gradyan eko kullanildi. Karaciger sol lob medial
ve lateral segmentten birer ve sag lob anterior ve posterior segmentlerden birer adet olmak iizere toplam 4
farkly bolgeden T2* ve ADC ol¢iimleri yapildi. Serum ferritin diizeyleri ile R2* ve ADC él¢iimleri arasindaki
korelasyonu degerlendirmek i¢in Spearman korelasyon analizi yapildh.
Bulgular: Hastalarin 32'5i (%43,24) kadin, 42 5i (%56,76) erkekti. Serum ferritin ile karaciger T2* ol¢giimleri
arasinda orta diizeyde negatif bir korelasyon vardi (r= -0,52 p<0,01). En yiiksek T2* degeri 7,85 ms ile
karacigerin sol lob medial segmentinde, en diisiik T2* degeri ise 6,5 ms ile karacigerin sag lob arka segmentinde
olciildii. Serum ferritini ile ADC arasinda negatif zayif bir korelasyon vardi (r=-0.41, p<0.01). En yiiksek ADC
degeri 908,90 mm2/s ile karacigerin sol lob medial segmentinde, en diisiik ADC degeri ise 766,78 ile karacigerin
sag lob on segmentinde élciildii. Karaciger T2* ol¢iimleri ile ADC él¢iimleri arasinda orta-yiiksek korelasyon
mevcuttu. Bu korelasyon serum ferritin ile karaciger T2* ol¢iimleri arasindaki korelasyondan daha yiiksekti.
Sonug: Serum ferritin 6lgiimleri ile hem ADC hem de T2* olgiimleri arasindaki korelasyonlar literatiirde 1,5T
ile bulunanlardan daha diisiiktii. ADC 'nin serum ferritin ile korelasyonu, serum ferritin ve T2*MR arasindaki
korelasyondan daha diisiik oldugundan, talasemi hastalarinda karaciger demir birikiminin degerlendirilmesinde
ADC nin T2* ¢l¢giimleri kadar yararl oldugunu diisiinmiiyoruz.
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INTRODUCTION

Thalassemia is a heterogeneous group of diseases
characterized by anemia caused by damaged synthesis of
one or more of the hemoglobin chains (1). According to
the severity of anemia, recurrent transfusion is a treatment
option in these patients (2). Repetitive transfusions
show iron accumulation in several organs in the body
(3). Accumulating iron damages tissues and organs (4).
Liver are one of the target organs for iron accumulation
(5,6). Chelator drugs are used in the treatment of iron
accumulation (7). This treatment significantly improved
survival in patients with thalassemia (8).

The most reliable method to calculate body iron deposition
is histochemical or biochemical assessment of iron in a
liver biopsy specimen but that is an invasive procedure (2).
Serum ferritin levels are widely used to monitor chelation
therapy and to assess iron accumulation (9). However, it
should be noted that serum ferritin level may be affected
by many inflammatory conditions (10).

In early 1990s it has been reported a very close correlation
between T2 relaxation rate and liver iron accumulation
on magnetic resonance imaging (MRI) (11). In the early
2000s, T2* MRI techniques were used to evaluate liver
iron accumulation (12). Nowadays, the amount of liver
iron accumulation can be calculated by measuring liver
T2* signals using multiecho gradient echo sequences
with MRI. In recent years there have been reports that
diffusion-weighted imaging (DWI) is a useful method for
evaluating liver changes and iron accumulation (13).
Standards have been established in 1.5T MR scanners used
in liver T2* measurements for many years. In 3T scanners,
the situation is not as clear as in 1.5T scanners. Due to
the increased magnetic field strength, the susceptibility
effect of iron has increased significantly. In this case, it
makes it difficult to measure T2* reliably in patients with
iron accumulation in the liver (14). The aim of this study
was to evaluate the correlation between serum ferritin
concentrations and liver T2* measurements and apparent
diffusion coefficient (ADC) values in thalassemia patients
in 3T MR scanners.

MATERIALS AND METHODS

Study Population and characteristics

This retrospective study was approved by Mugla Sitki
Kog¢man University Human Research Ethic Committee
(Number 85/2019). The study was conducted from January
2018 to November 2018. Seventy-four patients who
examined T2* MRI due to beta-thalassemia were included
in the study. Beta-thalassemia was diagnosed by complete
blood count, hemoglobin electrophoresis test, and clinical
evaluation by an experienced hematologist. Only patients
with complete MRI examination (including T2* MRI and
DWI sequences) were included. All patients were follow-
up cases of our center. Four patients with prominent
motion artifacts and 2 patients with inconclusive liver T2*
(the serum ferritin levels were significantly elevated) were
excluded from the study. There were 74 patients in the
study population. A total of 38 patients had splenectomy. A
total of 67 patients, 27 women and 40 men, were receiving
chelation therapy. Patients characteristics are summarized
(Table 1).

Liver T2* and ADC measurements and ferritin
measurements of the patients included in the study were
compared. Serum ferritin levels were measured on the
same day with MRI examination. Serum ferritin level
was measured by electrochemiluminescence method
(Roche Diagnostics). Since ferritin is an acute phase
reactant, detailed clinical examination and c-reactive
protein (CRP) measurements were performed to rule out
possible infectious/ inflammatory processes. Additionally,
transaminase results such as alkaline phosphatase
(ALP), alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were reviewed to evaluate
processes that could affect liver measurements such as
hepatitis. There was no infectious/inflammatory process
in the study population.

MRI acquisition and measurements

MRI examination was performed with 3T scanner
(Siemens Skyra, Erlangen, Germany). Multiecho gradient
echo was used for T2* MRI examinations. A breath-hold
sequence was used to reduce respiratory artifacts. Liver

Figure 1: Both ADC and T2 measurements were made from four different regions of the liver. The illustration shows
the areas where the measurements are made.
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Table 1: Patients characteristics.

Table 2: Comparison of measurements by gender.

Characteristic
Age (year)
median (min-max) 25.30 (9-53)
Female 32 (43.24)
Gender n (%)
Male 42 (56.76)

Splenic size (mm) 144.75 (101-200)
median (min-max) ’
Ferritin level (ng/ml)

median (min-max) 753.45 (127-2540)

examination parameters: Field of view 25x18 cm, TR 177
ms, slice thickness 5 mm, spacing between slices 5.5 mm,
matrix 256x192, number of excitation 1, flip angle 60°.
There were 7 different echo times in protocol (TE 2.54-
17.22 ms, increasing by increments of 2.45 ms). T2* and
ADC measurements were made from 4 different regions
of liver left lobe medial and lateral segment and right
lobe anterior and posterior segments (figure 1). Each
measurement was made using approximately 1 cm2 ROL
All four T2* and ADC measurements were averaged.
Data analysis was performed using Syngovia workstation
(Siemens, Germany). R2* calculated from measured
T2* values (R2*=1/T2%*). The equation ((R2* x 0.0254)
+0.202) was used in the LIC calculation from R2* (15)
Statistical analysis

All statistical analysis was performed by SPSS version
22. Descriptive analysis of quantitative variables was
performed. Spaerman correlation analysis was performed
to evaluate the correlation between serum ferritin levels
and R2* and ADC measurements. Correlation coefficients
were accepted as negligible correlation between 0.00-0.30,
weak correlation between 0.30-0.50, moderate correlation
between 0.50-0.70, high correlation between 0.70-0.90
and very high correlation above 0.90 (16). Student’s t-test
was used to compare the mean of the groups. Results were
assessed within 95% confidence intervals and p < 0.05
was considered as significant.

Female Male

n=32 n=42
Ferritin level (ng/ml) 879.41 660.35 0.57
Liver T2* (ms) 7.50 6.75 1.00
Liver iron concentration  6.20 5.76 1.00
Liver ADC (mm2 /s) 784.13  845.1 0.87

RESULTS

Thirty-two patients (43.24%) were female and mean age
was 27.18 years old, and forty-two (56.76%) were male
and mean age was 23.48 years old. The male to female
ratio was 1.3/1. There was no statistically significant
difference in serum ferritin, liver T2*, LIC concentration,
liver ADC values between women and men (Table 2).
There was moderate correlation between serum ferritin
and liver T2* measurements (r=-0.52 p<0.01). The highest
T2 value was measured in the left lobe medial segment of
the liver as 7.85 ms and the lowest was measured in the
right lobe posterior segment of the liver as 6.5 ms. There
was weak correlation between serum ferritin and ADC (r=
-0.41, p<0.01). The highest ADC value was measured in
the left lobe medial segment of the liver as 908.90 mm2/s
and the lowest was measured in the right lobe anterior
segment of the liver as 766.78. There was a moderate-
high correlation between liver T2* measurements and
ADC measurements. This correlation was higher than
the correlation between serum ferritin and liver T2*
measurements. All correlations is given in table 3.
DISCUSSION

The correct measurement of liver iron accumulation
is important in the treatment of diseases that cause iron
accumulation in the body, such as thalassemia. Different
methods have strengths and weaknesses in monitoring iron
accumulation in the body. Serum ferritin measurements are
low-cost and easily accessible, but their accuracy in short-
term follow-up is low. MR is an expensive method and not
easily accessible, however, its accuracy is high in short-

Table 3: Relationship between serum ferritin, liver T2 * and liver ADC values. The correlation of each variable with the

other can be cross-compared.

Serum ferritin Median ADC Liver T2* LIC
Serum ferritin CcC 1.000 -0.410 -0.520 0.517
Sig. -0.009 0.001 0.001
N 80 80 80 80
Median ADC CcC -0.410 1.000 0.598 -0.599
Sig. 0.009 0.000 0.000
N 80 80 80 80
Liver T2* CC -0.520 0.598 1.000 -1.000
Sig. 0.001 0.000 0.000
N 80 80 80 80
LIC CcC 0.517 -0.599 -1.000 1.000
Sig. 0.001 0.000 0.000
N 80 80 80 80

CC: Correlation coefficient, LIC:Liver iron concentration, ADC: Apperent diffusion coefficient
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Figure 2: The picture shows heterogeneity in the left lobe in liver ADC measurements. This is evident in the color maps
on the left.

term follow-ups and it can measure iron accumulation in
each organ individually (17). Therefore, MRI has become
the standard imaging method for evaluating iron deposits
in the liver and heart of thalassemia patients. A good
correlation between serum ferritin levels and liver T2*
measurements has been reported in the literature (18).
In this study, a moderate correlation was found between
serum ferritin level and liver T2* level. In this study,
serum ferritin levels were found as 956 ng/mL and 2540
ng/mL in two patients who had a very similar T2* values
as 2.07 and 2.16 respectively. T2* values were close to
each other in these two cases ferritin values were very
different from each other.

The correlation between serum ferritin and liver T2*
measurements were -0.58 (p <0.001 in Karakas et al.’
study. Majd et al. found a good correlation between ferritin
levels and liver T2* levels (r = 0.698, p <0.001) (19).
In our study, these rates were found as -0.52 (p <0.05).
Although the value we found for the liver is slightly lower,
it is just about similar to that of the studies of the Karakas
et al. and lower than found Majd et al. 1.5T scanners were
used in the studies of both Karakas and Majd. In our study,
3T scanner was used. The difference may be related to the
magnet power. In their study to compare 1.5T and 3T MRI
scanner, Storey et al. suggested that liver T2* values in
patients with iron overload could be significantly shortened
and this would make precise measurement difficult (20).
They suggested that 1.5T imaging should be preferred to
3T because of the increase in magnetic field strength. In
order to prevent this, they reported that if there is more
tissue iron concentration than 37 mg Fe/g dry weight,
sequences using shorter TE durations may be needed for
precise measurement of T2* in strong magnetic fields.

Patel et al. found the correlation between serum ferritin
and liver T2* moderately significant (r = 0.41), which is
lower than the rate in our study (21).

In this study, the correlation between ADC measurements
and serum ferritin levels were found weak. The correlation
of ADC with serum ferritin is significant lower than the
correlation between serum ferritin and T2* MRI. Akpinar
et al. suggested that DWI may be a sensitive method to
assess the severity of liver iron accumulation. It may be
thought that it could be due to the paramagnetic effect of
iron rather than diffusion restriction. However, multiple
measurements are required to perform T2* mapping
of a tissue. In this way, the exponential decay curve
of the tissue can be extracted with multiple samples.
ADC measurements do not correlate as highly as T2*
measurements (22). ADC measurements appear not to be
useful for follow-up in cases of liver iron accumulation in
3T MR scanners.

There are some limitations in this study. Firstly it was
retrospective and relatively small size cohort. T2*
measurements were higher in the medial segment of the
left lobe of the liver than in the other parts of the liver. We
think that this is due to the heterogeneity of cardiac and
aortic pulsations (motion artifacts) in this region rather
than heterogeneous distribution of iron (figure 2).
CONCLUSION

In conclusion, correlations between the serum ferritin
measurements and both ADC and T2* measurements are
lower than those found with 1.5T in the literature. The
correlation of ADC with serum ferritin is lower than the
correlation between serum ferritin and T2*MR, so we
do not think ADC is as useful as T2* measurements in
assessing liver iron burden.
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ABSTRACT

Objective: The aim of this study was to compare direct microscopy, culture and Polymerase Chain Reaction
(PCR) methods and to present the antibiotic resistance profile of the last 4 years comparatively by conventional
and molecular methods.

Material and Method: Bacterial culture, EZN and PCR methods were applied to all samples. Direct rapid
resistance test was performed for EZN positive samples.

Results: 968 patients were included in the study. Culture was positive in 81 (8%), PCR in 78 (8%) and EZN
in 39 (46%) patients. PCR performed on the same day in both respiratory and other samples showed very
good agreement with culture, while EZN staining showed moderate agreement. It was observed that the rapid
resistance test detected rifampicin resistance which was not detected in culture, and in the case of INH, culture
antibiogram and rapid resistance test were fully compatible. Application of the rapid resistance test to every
patient with positive EZN staining resulted in very early detection of resistance.

Conclusion: It was concluded that PCR tests are useful in the rapid diagnosis of tuberculosis and resistance in
suspicious clinical samples.

OZET

Amag: Bu ¢alismanin amaci, tiiberkiiloz tanisinda direkt mikroskopi, kiiltiir ve Polimeraz Zincir Reaksiyonu
(PCR) yontemlerini karsilastirmak ve son 4 yilin antibiyotik direng profilini konvansiyonel ve molekiiler
yontemlerle karsilastirmali olarak sunmakitir.

Gere¢ ve Yontemler: Tiim orneklere Ehrlich-Ziehl-Neelsen (EZN) boyama, Mycobacterium kiiltiirti ve PCR
testleri yapildi. EZN boyama ile aside direngli basil (ARB) saptanan orneklere direkt hizli direng testi yapild.
Bulgular: Calismaya 968 érnek dahil edildi. Bunlarin 81 'inde (%8) kiiltiiv, 78 'inde (%8) PCR ve 39 ‘unda (%46)
EZN porzitif bulundu. Hem solunum hem de diger orneklerde ayni giin yapilan PCR kiiltiir ile ¢ok iyi uyum
gosterirken, EZN boyamast orta diizeyde uyum gésterdi. Hizli direng testinin kiiltiirde saptanmayan rifampisin
direncini saptadigi, INH durumunda ise kiiltiir antibiyogrami ile hizli direng testinin tam uyumlu oldugu
gortilmiistiiv. Hizli direng testinin EZN boyamast pozitif olan her hastaya uygulanmasi, direncin ¢ok erken tespit
edilmesini saglamistir:

Sonug: Siipheli klinik orneklerde tiiberkiiloz ve direncin hizli tanisinda PCR testlerinin yararli oldugu sonucuna
varimigtr.

INTRODUCTION

Pinar Yildiz Giilhan3
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Tuberculosis has been an important health problem and
cause of death for centuries. Its control is difficult since
it is transmitted by droplet infection. In order to reduce
transmission, patients should be identified as soon as
possible (1,2). For definitive diagnosis of tuberculosis,
Mycobacterium tuberculosis should be isolated from
clinical specimens. The fastest and cheapest method
for this is direct microscopic examination of clinical
specimens stained with the EZN method. However, it
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has low sensitivity (35-80%) (3). When the number
of mycobacteria in the clinical sample is less than
104 bacillus/ml, it cannot be detected, and also the
differentiation between tuberculosis and non-tuberculous
mycobacteria cannot be made.

The gold standard in diagnosis is culture. The detection
limit of M. tuberculosis in cultures is 100 bacillus/ml. It
is necessary to wait for a long period of 4-8 weeks for
reproduction. Although this period is reduced to 10-12
days with automatic controlled liquid media, even this
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period can be long for many patients. For this reason, real-
time Polymerase Chain Reaction (PCR) test that can be
performed directly on the samples, which is a fast, specific
and sensitive method have been developed for diagnosis
of M.tubeculosis (4-7). PCR is a diagnostic method,
where unlike culture method the number and viability
of the microorganism in the sample to be examined is
unimportant, and a small number of genetic materials can
be reproduced (8-15). However, factors such as clinical
sample type, method, contamination, evaluation as well as
personal factors affect the performance of the tests.
Although we have a gold standard diagnostic method like
the reason for investigating another method is the need
for rapid diagnosis in clinical cases caused by this slow-
growing bacterium. With the PCR method, diagnosis
can be made with a sensitivity of 15-30 bacilli/ml, and
antibiotic susceptibility tests can also be studied from the
sample at the same time.

The aim of our study is to compare the direct microscopy,
culture and PCR methods studied in the samples that were
sent to our laboratory for the diagnosis of tuberculosis and
to reveal the antibiotic resistance profile of the last 4 years.
The study was approved by the Non-Interventional
Health Research Ethics Committee of Diizce University
Faculty of Medicine with the date 07.11.2023 and number
E-050.99-360085.

MATERIALS AND METHODS

In our study, microscopic examination, culture and PCR
test results of sputum, bronchoalveolar lavage (BAL),
deep tracheal aspirate (DTA), biopsy, urine, sterile body
fluid samples examined between January 2017 and
December 2020 in the Tuberculosis Laboratory of Diizce
University were examined. Only one of the multiple
samples from the same patient, which was examined by
all three methods, was included in the study. Patients were
divided into two age groups as above and below 65 years
of age. The samples were compared by dividing them into
two groups as respiratory tract samples and other. EZN
staining (Merck, Turkey), culture [Léwenstein-Jensen(LJ)
(RTA Laboratories, Turkey) and BACTEC MGIT
960 (Becton, Dickinson and Company Sparks, USA)]
and FluoroType® MTB (Hain Lifescience, Germany)

methods were applied to the samples. Growth times in
culture were recorded. The culture was accepted as the
gold standard and compared with PCR, EZN and clinical
findings. Steptomycin, INH, rifampicin and ethambutol
susceptibilities were determined by the BACTEC MGIT
960 (Becton, Dickinson and Company Sparks, USA)
method of those in whom M. tuberculosis growth was
detected in the culture. In addition, rapid resistance test
[GenoType® MTBDRplus (Hain Lifescience, Germany)]
was performed directly from the samples that were positive
only in the EZN dye. The presence of wild type probes and
mutation probes in the katG and inhA gene regions for
INH resistance and in the rpoB gene regions for rifampicin
resistance were investigated by rapid resistance test.
Statistical analysis:

SPSS 17 (SPSS Inc, Chicago, IL, USA) was used for
statical evaluation. Categorical data were summarized
as frequency and percentage. The compatibility of the
diagnostic methods used was determined by McNemar
and Kappa methods. Pearson Chi-square and Fisher
Exact tests were performed for the relationships between
categorical variables. p<0.05 was considered statistically
significant.

RESULTS

A total of 968 patients, 645 (67%) male and 323 (33%)
female, were included in the study. The mean age of the
patients was 55.5 + 19.8 (min:2-max:95).

Of patients with growth in culture, which is accepted as
the gold standard method, 56 (69%) were male and 25
(31%) were female, with a mean age of 55.6 = 19.5 (min:
9-max: 94). Of the patients, 54 (67%) were under the age
of 65 and 27 (33%) were over the age of 65. There was
no difference between these two groups in terms of M.
tuberculosis culture positivity (p=0.817).

When the samples that were sent to our laboratory was
examined, the distribution was as follows: 18% (179)
BAL, 70% (686) sputum, 4.9% (48) sterile body fluid, 1%
(11) urine, 1% (18) other samples (gastric fasting fluid,
wound, tissue). The evaluation of M. tuberculosis growth
according to age groups, sample types and sex is shown
in Table 1.

Bacterial culture, EZN and PCR methods were applied to

Table 1: Association of age group, gender and sample type with M. tuberculosis positivity

Culture positive sample Culture negative sample
p value
n( %) n( %)
>65 Old Year 27 (%8 307(%92
Age (%8) (%92) 0.817
<65 Old Year 54 (%9) 580(%91)
Women 25(%8 298(%92
Gender (%68) (%692) 0.618
Men 56(%9) 589(%91)
Sputum 42(%6) 644(%94)
Bronchoalveolar lavage 34(%19) 145(%81)
Sample Biopsy 4(%15) 22(%85) 0.000
type Urine 0(%0) 11(%100) )
Sterile Body Fluid 0(%0) 48(%100)
Other* 1(%0) 17(%94)

*: Gastric lavage, wound
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Table 2: Diagnostic values of EZN and PCR results
according to the culture results of the samples

Table 4: Evaluation of INH rapid susceptibility tests

INH rapid susceptibilty
EZN PZR test (GenoType®
Respiratory system Total: 86 MTBDRplus)
samples otal: 865 Sensitive(n) Resistant(n)
Sensitivity (%) 46 82 INH rapid Sensitive 39 0
ificity (° susceptibilty test (n)
Specificity (%) 99 98 (Bactec 960 TB Resistant
PPV*(%) 97 84 Culture) (n) 0 8
NPV**(%) 95 98
Harmony with culture Middle Too big
Non-respiratory system
samplesp sy Total: 103 Table 5: Evaluation of Rifampin rapid sensitivity tests
e . Rifampin susceptibilty
Sensitivity (¢ 40 80
ensitivity (%) test (GenoType®
Specificity (%) 100 100 MTBDRplus)
PPV*(%) 100 100 Sensitive(n) Resistant(n)
NPV**(%) 97 99 Rifampin rapid Sensitive 45 )
Harmony with culture Middle Very good susceptibilty test (n)
(Bactec 960 TB Resistant
*PPV: positive predictive value ** NPV: negative predictive value Culture) (n) - -

Table 3: Antibiotic resistance status in M. tuberculosis
specimens with growth

Antibiotic Sensitivity Resistant

0% 0% p value
Streptomycin 68 (%84) 13(%16)
INH 70 (%86) 11(%14) 0.000
Rifampin 81(%100) 0(%0)
Ethambutol 72 (%89) 9(%]11)

all samples. Culture was positive in 8% (81), PCR in 8%
(78), EZN in 46% (39) of patients.

The mean growth period of M. tuberculosis in culture was
12.56+8.24 days (min:3-max:36). With the PCR method,
the result was obtained on the day of sample arrived.

Out of 81 patient samples with M. tuberculosis growth 37
(46%) were detected by EZN staining and 66 (81%) by
PCR method. Sensitivity, specificity, positive predictive
value and negative predictive values of EZN staining were
determined as 42%, 85%, 95% and 16%, respectively. For
the PCR test, these values were determined as 80%, 98%,
84% and 98%, respectively. The gold standard culture
method was found to be moderately compatible with EZN
staining and very well compatible with PCR method. The
diagnostic values of EZN and PCR results according to the
culture results of respiratory and non-respiratory samples
are shown in Table 2.

PCR method was positive in 12 patients (1%) while
culture and EZN methods were negative. 5 of these 12
patients were clinically and radiologically compatible with
tuberculosis and cured with treatment. Four of them had
malignancy and died. The PCR positivity in the remaining
3 patients was not clinically compatible. EZN method was
positive in one patient while culture and PCR tests were
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Figure 1: INH resistance detected in the inhA locus (loss
of InhA wild type 1)

negative. This patient had no clinical and radiological
findings and was considered as contamination.
Antibiogram of 81 specimens with M. tuberculosis growth
showed that all specimens were susceptible to rifampicin,
while 13 (17%) were resistant to streptomycin, 11 (14%)
to isoniazid (INH), and 9 (11%) to ethambutol. Rifampin
was found to be statistically more sensitive than other
antibiotics (p=0.000). Antibiotic sensitivities are shown in
Table 3.

In our study, rapid resistance test was performed on 47
(58%) of 81 samples with culture growth. While there
was 100% correlation between rapid resistance test and
antibiotic susceptibility tests for INH; Incompatibility was
detected in two samples for rifampin (Tables 4 and 5).

In the INH resistance study with the rapid resistance test,
it was observed that “low level INH resistance detected
in the inhA locus” was also detected in the antibiotic
susceptibility test (Figure 1)

While the mutations detected in the rpoB locus are detected
both by rapid resistance test and antibiotic resistance tests;
It was observed that wild type probe deletions could
not be detected. This showed that rifampin antibiotic
resistance could be detected earlier with rapid resistance
tests (Figure 2,3).
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Figure 2: Rifampin resistance by mutations in the rpoB
locus (loss of rpoB wild type2 and 3)
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Figure 3: Rifampin resistance by mutations in the rpoB
locus (loss of rpoB wild type2 and 3) and INH resistance
detected in the katG locus (loss of katG wild type 1) and
detection of kat G MUT 1)

DISCUSSION

Tuberculosis is a life-threatening disease for centuries.
Diagnosis of this disease and determination of antibiotic
susceptibility will provide treatment with the right drug
regimens and reduce the infectiousness (16). There are
many methods used for diagnosis. Although staining
with EZN is the fastest method, its sensitivity is low (3).
With this method, it is not possible to distinguish between
species and live/dead bacteria. In order to detect positivity,
it is necessary to have at least 103-104 bacteria / ml in the
sample (16,17).

In a study by Abdulmajed et al(15), the sensitivity and
specificity of the EZN staining method was 32% and 66%
respectvely. And they found a low level of agreement
between the culture and the EZN method. Sensitivity rates
were similar to our study, but moderate agreement was
found between culture and EZN in our study. Although
by EZN staining method results can be obtained within
twenty-four hours and it is a cheap test, it has low
sensitivity rates that vary depending on the quality of the
microscope used, the type of specimen, the thickness of
the smear, the decolorization time during staining, the
speed of the centrifugation process and the experience
of the person evaluating the smear preparation, and the
prevalence of tuberculosis in the population studied (16)
Tuberculosis culture method is the accepted gold standard
method (18,19). For maximum efficiency, liquid and solid
media should be used together. For culture growth an
average of 2 weeks required (7-30 days) and the detection
limit is approximately 100 bacteria/ml (16). Detection
and the planning the treatment strategy for tuberculosis
patients as soon as possible is of great importance (16).
For this reason, nucleic acid methods have been developed
in recent years (20-25). With these methods, the presence

of M. tuberculosis and antibiotic susceptibility can be
studied directly from the patient sample by PCR method
(26-30). With the PCR method, detection can be made
with a sensitivity of 15-30 bacillus/ml. In our study, 5 of
12 patients (41%) with culture negative and PCR positive
were clinically and radiologically compatible with
tuberculosis and healed with cure. Detection of positivity
by PCR in all of these patients is valuable in terms of not
to miss the patients who expelled a small number of bacilli
or could not be detected due to being under treatment.
PCR test is an important diagnostic tool in cases where
there is no growth in culture (7,8,9,10). If there is clinical
suspicion in a patient with a positive PCR test, beginning
treatment and taking precautions without waiting for
culture results will provide early infection control (27).
It is also emphasized that it will be very useful in the
differential diagnosis of tuberculosis and non-tuberculosis
and also in the diagnosis of patients receiving inadequate
tuberculosis treatment (12,13).
In this study, culture, PCR and microscopic examination
methods performed on samples in our tuberculosis
laboratory were compared. In our study, similar to the
studies in the literature, the PCR methods of the samples
received both from respiratory and non-respiratory
systems performed on the same day had high agreement
with the culture and has moderate agreement with the
EZN staining method. (9,10, 21, 25, 28, 29)., The sample
type and the amount of bacillus in the sample besides the
PCR method used also play an important role in obtaining
different sensitivity results. In theory, even a few bacilli
in the sample is enough for PCR positivity. However, in
practice, many studies have shown that the sensitivity of
PCR for tuberculosis is not that high. Inability to reveal the
M. tuberculosis DNA, loss of the bacilli during procedure
and the presence of inhibitory substances in the sample
may be shown as reason (20,21).
In the antibiogram of the samples with M. tuberculosis
growth, 59 of 81 (72.8%) samples were found to be
sensitive to all drugs and all samples were found to be
sensitive to rifampin, while 13 (17%) were resistant to
streptomycin, 11 (14%) to INH, 9 (11%) to rifampin.
Rifampin was found to be statistically more sensitive than
other antibiotics. In a study conducted in our laboratory
in 2005, the rates of streptomycin, INH, rifampin,
ethambutol resistance were reported as 11.3%, 8%, 4.8%,
and 0%, respectively. Accordingly, streptomycin, INH,
ethambutol resistance rates increased; It was observed
that the rate of rifampin resistance decreased (11). In a
study by Abdulmajed et al. (15), the survival rates for
antituberculosis drugs were 12%, 4%, 13.2% and 4% for
streptomycin, INH, rifampin, ethambutol, respectively; In
the study of Saygan et al. (26), resistance rates were found
to be 9.1%, 13.2%, 4% and 3.3% for streptomycin, INH,
rifampin, ethambutol, respectively, to antituberculosis
drugs. It has been observed that there may be regional
differences in antibiotic resistance rates.
Studies show that both automated and manual systems are
good in detecting INH and rifampin sensitivity, but are not
so as for ethambutol and streptomycin (28,29).

In the rapid resistance test, incompatibility with the
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antibiogram was detected in 2 patients (4%). While
mutation probes detected in the rpoB locus with rapid
resistance test are also detected with antibiotic resistance
tests; wild type probe deletions could not be detected.
This showed that rifampicin antibiotic resistance could
be detected in the early period with rapid resistance tests.
In the INH resistance study, it was observed that “low
level INH resistance detected in the inhA locus” was
also detected in the antibiotic susceptibility test. Early
detection of mutations is important for these two drugs,
that are very important in tuberculosis treatment. Acharya
et al. (25) in their review; found the sensitivity of the rapid
resistance test as 98% in rifampicin resistance and 84%
in INH resistance. In a study by Barnand et al.(14), the
sensitivity of Genotype MTBDR plus test in detecting
rifampin and INH resistant strains was 99% and 94%,
respectively, in 536 EZN positive sputum samples; the
specificity is 99% and 100%; On the other hand, Ling et
al.(27) determined that the specificity and sensitivity were

98% and 99%, respectively; Dorman et al.(30) determined
the sensitivity of the test to determine rifampin resistance
86%, specificity 97%; They found INH resistance to be
62% and 98%, respectively. The findings support the
recommendations that the GenoType MTBDR plus assay
should not be used in sputum specimens where microscopy
is negative or bacilli are rare. The use of rapid resistance
tests is beneficial not only can be performed on the same
day, but also for detecting the mutations that not have yet
been reflected in antibiotic susceptibility tests. This guides
the clinician during the treatment.

In conclusion; it should be considered that PCR tests are
useful in the rapid diagnosis of tuberculosis in suspicious
clinical samples in routine practice and that these tests
definitely should not be used for screening purposes, but
they are thought to be valuable in supporting the clinic
together with conventional tests. In our study, it was
observed that it is very important using staining and
nucleic acid tests together, as well as culture methods.
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ABSTRACT

The aim of general anesthesia is to induce unconsciousness and amnesia during the surgery, and to provide
adequate analgesia and muscle relaxation. Awareness during anesthesia refers to the state of the patient being
conscious or able to remember the surgical procedure under general anesthesia. This may be an indication
of insufficient anesthesia and may lead to potential psychological complications. Also, about 2% of claims
against anesthesiologists have been related to the awareness complications during anesthesia. The incidence
of awareness is rare, but the risk factors depend on the patient and technical factors. Factors such as difficulty
in intubation, obesity, previous awareness during anesthesia, drug tolerance may increase the risk. In addition,
technical errors, misuse of anesthesia machines and anesthetic administration errors may also cause awareness.
Some surgical procedures and total intravenous anesthesia technique are also among the risk factors. Being
aware of these risk factors is crucial for preventing, recognizing and managing awareness. An optimal strategy
for avoiding awareness in anesthesia practice is a combination of individual patient preparation and careful
anesthesia management. This complication can be reduced by identifying patients at risk, careful preparation
and administration of drugs, and the use of appropriate strategies for anesthesia management. Routine use of
devices that measure the amount of medication, neuromuscular block level and depth of sleep will help reduce
awareness during surgery. In this article, the risk factors, prevention, recognition and management of awareness
during anesthesia will be discussed.

OZET

Genel anestezinin uygulanma amact ameliyat sirasinda biling kaybr ve amnezi olusturmak, yeterli analjezi ve
kas gevsemesi saglamaktir. Anestezi sirasinda farkindalik, genel anestezi altinda hastamin bilin¢li olmasi veya
cerrahi iglemi hatirlayabilmesi durumunu ifade eder. Bu durum, anestezinin yetersiz oldugunun bir gostergesi
olabilir ve potansiyel psikolojik komplikasyonlara yol acabilir. Ayrica, anestezistlere yonelik iddialarin yaklasik
%2 si anestezi sirasinda farkindalik komplikasyonlariyla ilgilidir. Farkindaligin insidans: nadirdiv, ancak risk
faktorleri hastaya ve teknik faktorlere baghdiwr. Entiibasyon zorlugu, obezite, daha dnce anestezi sirasinda
farkindalik yasama oykiisii, ilag toleranst gibi faktorler riski artirabiliv. Ayrica, teknik hatalar, anestezi
makinelerinin yanlis kullanimi ve anestezik uygulama hatalari da farkindaliga neden olabilir. Bazi cerrahi
prosediirler ve total intravendz anestezi teknigi de risk faktorleri arasindadir. Bu risk faktorlerinin farkinda
olmak, farkindaligi onlemek, tanimak ve yonetmek icin onemlidir. Anestezi uygulamasinda farkindalik halini
onlemek i¢in optimal bir strateji, hastalarin bireysel hazirligi ve dikkatli anestezi yonetiminin kombinasyonudur.
Risk altindaki hastalarin belirlenmesi, ilaglarin dikkatli bir sekilde hazirlanmasi ve uygulanmasiyla birlikte,
anestezi yonetimi icin uygun stratejilerin kullaniimasiyla bu komplikasyon azaltilabiliv. Ilaclarin kullanim
miktarini, noromuskuler blok diizeyini ve uyku derinligini dlgen cihazlarin rutin kullanimi ameliyat sirasindaki
farkindaligi azaltmaya yardimct olacaktir. Bu yazida anestezi sirasinda farkindalik durumunun risk faktorleri,
onlenmesi, taninmast ve yonetimi tartisilacaktir.
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GIRIS

Ameliyat sirasinda meydana gelen olaylarin biling kayb1
ve amnezi durumu, genel anestezinin ana hedeflerini
olusturur. Bu hedeflere hemen hemen her zaman ulasilsa
da intraoperatif olaylarin hatirlanabilmesi nadiren
meydana gelebilir. Hastanin genel anestezi altinda uyanik
olmast veya cerrahi islemi hatirlayabilmesine “anestezi
sirasinda farkindalik’ olarak tanimlanan genel anestezinin
korkutucu ve hafife alinan bir komplikasyonudur. Bu
durum ameliyatin bitiminden hemen sonra veya daha
sonra hasta tarafindan bildirilebilir veya postoperatif
yapilan goriigme sirasinda ortaya ¢ikabilir (1-3).
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Bu komplikasyon nadir goriilmesine ragmen, klinik
Ozellikler — anestezi  basarisiziginin  gdstergesidir,
oysa potansiyel psikolojik komplikasyonlar akut
stres bozuklugundan gecerek travma sonrasi stres
sendromlarina kadar subsendromal tablolara yol agarak
yikict olabilir (1,4-6). Ayrica, bir mediko-legal analize
gore, anestezistlere yonelik iddialarin yaklasik %2’sinin
farkindalik komplikasyonlartyla ilgili oldugu belirtilmistir
(7,8). Besinci Ulusal Denetim Projesi (NAPS5) tarafindan
elde edilen sonuglar, calisma metodolojisi (O6rnegin,
yapilandirilmig goriismelerin  olmamasi) genis ¢apta
elestirilse de genel olarak yaklagik 1:19000 (%0,005)
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insidansint gostermektedir (1,9,10). Olgularin sayisal
olarak anlagilmasini amaglayan retrospektif degerlendirme
cok karmasik goriinmektedir ve yalnizca tam bilgi akigimin
mevcut oldugu belirli ortamlarda giivenilirdir (7,8).
Hastalar tarafindan bildirilen olaylarn titizlikle yeniden bir
araya getirilmesi, belirli intraoperatif anlarin epizotlarmin
rapor edilmesini saglar. Bu nedenle komplikasyon,
anestezinin ii¢ fazindan biri olan indiiksiyon, idame ve
uyanmadan birinde meydana gelebilir.

Bir olayin hatirlanmasi, epizodik ve semantik hafiza
tiplerini igeren uzun siireli dekleratif hafizanin (agik
hafizanin) aktivasyonunu gerektirir (5,6). Baska bir
farkindalik alt grubu, agik bellegi atlayarak gergeklestirilir.
Robert Veselis’e gore “var olan ancak sahip oldugumuzu
bilmedigimiz” ve daha dogru bir sckilde bildirimsel
olmayan ortiikk bellek olarak adlandirilan bir tiir bellek
olan “gizli” bellegin aktivasyonunu varsayar (5). Bu
nedenle bu farkindalik alt tipi, a¢ik hatirlama olmadan
farkindalik olarak adlandirilir. Baska bir deyisle,
anestezi sirasinda kasitsiz bir biling epizodu, farkl
uzun siireli bellek modlarinda birlestirilen farkli bellek
isleme yollarmi izleyebilir. Bildirimsel bellek yoluyla
konsolidasyon yolu, anestezi sirasinda farkindaligi
yapilandirir. Anestezinin sonunda veya sonrasinda spontan
veya indiiklenmis bir durum olarak kendini gosterir. Bu
durum, anestezi altinda riiya gormenin olasi telkinlerinden
veya fenomenlerinden agik¢a ayirt edilmelidir (3,11,12).
Alternatif olarak, intraoperatif bilincin tiim epizotlar1 agik
bellegin yolunu izlemez ve bilingdist veya ortikk bellek
acisindan pekistirilebilir. Belirgin epizotlardan sayisal
olarak daha dnemli olan bu epizotlar, ameliyatin sonunda
kendiliginden veya indiiklenmis bi¢cimde bildirilmez ve
klinik olarak davranig veya performans degisiklikleri
olarak ortaya ¢ikabilir (1,12).

Bu boliimde anestezi sirasinda farkindalik durumunun risk
faktorleri, 6nlenmesi, taninmasi ve yonetimi tartisilacaktir.
RISK FAKTORLERI

Hasta Kaynakh Risk Faktorleri

Herhangi bir cerrahi prosediirde entiibasyon zorlugu,
muhtemelen uzun siireli entiibasyon girisimleri sirasinda
yetersiz anestezi nedeniyle farkindaliga yol acabilir
(14,16,17). Potansiyel olarak zor hava yolu olan bir hasta
icin “uyanik entiibasyon” planlaniyorsa, hastanin genel
anestezi indiiksiyonundan once tam amnezi beklentisini
onlemek icin planlanan sedasyon teknigini hastaya
aciklamak kritik derecede 6nemlidir (16).

Obezite ile daha yiiksek anestezi sirasinda farkindalik
insidansi, entiibasyon giicliigii ile iligkili olabilir (17).
Anestezi sirasinda farkindalik Oykiisii olan hastalar,
gelecekteki anestezilerde daha yiiksek risk altinda olabilir.
Bir gozlemsel ¢alisma, daha 6nce bir bu durumu yasamis
hastalarda bes kat daha yiiksek insidans saptamigtir (18).
NAPS5 calismasi, anestezi sirasinda farkindalik durumu
yasayan 20 hastadan 1’inin daha 6nce bu durumu yasamis
veya farkindalik hali yasamis bir akrabaya sahip oldugunu
bildirdi. Genetik varyasyonlar, belirli anestezik ajanlarin
hipnotik veya amnezik etkilerine direngle sonuglanabilir,
ancak bu tiir varyasyonlar insanlarda tanimlanmamistir
(5,19).

Anestezik maddelere karsi kazanilmis tolerans olusabilir.
Sitokrom P450 2EI1, alkol ve izoniazid tarafindan

indiiklenir. Inhalasyon ajanlari, benzodiazepinler ve
opioidler sitokrom P450 enzim kategorisi tarafindan
metabolize edildiginden, alkol alimi aliskanligi olan
hastalarda bu ajanlarin daha yiiksek dozlar1 gerekebilir.
Bununla birlikte, alkol bir merkezi sinir sistemi depresani
oldugundan, akut alkol zehirlenmesi tipik olarak anestezi
gereksinimlerinin  azalmasiyla iliskilidir ~ (20,21).
Benzodiazepin yoksunluk sendromunda goézlemlenen
semptomlarin altinda yatan, kronik maruziyetten sonra
benzodiazepin kesilmesi iizerine uyarici glutamaterjik
reseptorlerin ekspresyonunda artig vardir. Reseptorlerin
bu asir1 ekspresyonu teorik olarak anestezik gereksinimini
ve farkindalik riskini artirabilir. Opioid tolerans: ve/veya
opioid kaynakli hiperaljezi, perioperatif donemde opioid
dozlama gereksinimlerini artirabilir. Cerrahi prosediir
sirasinda yetersiz analjezi, agri nedeniyle daha yiiksek
diizeyde kortikal stimiilasyona neden olur ve farkindalik
riskini artirabilir. Bir¢ok regeteli ve regetesiz ilag,
opioidlerin metabolizmasinda yer alan sitokrom P450
3A’y1 (efavirenz, nevirapin, barbitiiratlar, karbamazepin,
glukokortikoidler, fenitoin, rifampisin) indiikler. Kronik
opioid kullanimima benzer sekilde, bu ilaglarin kronik
olarak uygulanmast opioid dozlama gereksinimlerini
artirabilir (21,22).

Literatiirde baz1 c¢alismalar, anestezide farkindalik
insidansinin ¢ocuklarda biraz daha yiiksek olabilecegini
(%0,2-1,2 arasinda) 6ne siirse de NAPS raporu ¢ocuklarda
ihmal edilebilir bir insidansa dikkat c¢ekti (2,5,23).
Cocuklarda farkindalik varliginin degerlendirilmesi, yasa
bagli gelisimsel faktorler ve ameliyat sonrast goriismelerin
stipheli dogrulugu nedeniyle 6zellikle zordur (2,23).
Teknik Nedenlere ve Uygulayiciya Bagh Risk Faktorleri
Anestezi  makinesinin  arizalanmast  veya  yanlis
kullanilmasi, farkindaligin nadiren goriilen bir nedenidir.
Anestezi makineleri ile ilgili problemler genellikle
uygun alarmlar ve makine kontrolleri ile tespit edilir.
Total intravendz anestezi teknigi (TIVA) sirasinda,
damar i¢i inflizyon pompalarinin arizalanmasi veya
yanlis  kullanilmasi, amaglanan anestezik ajanin
verilmemesine veya olast farkindalikla diisiik dozun
verilmesine yol agabilir. Ayrica, vendz kateter takili
ckstremite sikistirildiginda, cerrahi Ortiiler nedeniyle
strekli olarak goriinmediginde, vendz kateterin serum
hattindan ayrilmasi1 veya damar i¢i kateterin damardan
¢ikarak subkutan infiltrasyonu nedeniyle amaglanan ilacin
verilmemesi sonucu meydana gelebilir. Bu gibi durumlarda
uyku derinligini izleme (6rn. elektroensefalogram ile)
yetersiz anestezi derinliginin tanimnmasina yardimet
olabilir (2,3,24).

Anestezik uygulama veya yeterli doz ayarlama
hatalarinda insan faktdorii, teknoloji basarisizligindan daha
yaygindir. Damar i¢i anestezik ajanlarmm uygulanmasi
sirasinda  dikkatsizlik anestezik indiiksiyon ajanindan
once bir noromiiskiller blokaj uygulanmasina neden
olabilir. Ayrica klinisyenin anestezik konsantrasyonunu
yanlis hesaplamasi veya inflizyon pompasini yanlis
programlamas da risk faktoriidiir. inhalasyon anestezik
ajan1  kullanildigr durumlarda vaporizatdrii a¢may1
unutmak da bu duruma yol agabilir. (24,25).

Ameliyat Iliskili Risk Faktorleri

Anestezi sirasinda  farkindalik  riski  bazi  cerrahi
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uygulamalarla iliskili olabilir. Belirli prosediirler
uygulanan hastalar (6rnegin, travma ve acil cerrahi
prosediirler, kardiyopulmoner baypas ile kalp cerrahisi,
sezaryen dogum) dzellikle yiiksek risk altindadir (26).
Travma veya acil cerrahide anestezi indiiksiyonu ile
cerrahi insizyon arasindaki zaman araligi zorunlu olarak
kisadir (6rn. kanamay1 kontrol etme ihtiyacindan dolayz).
Ayrica, hemodinamik dengeyi saglayabilmek i¢in anestezi
derinligi kasitli olarak azaltilabilir. Bazi kurumlarda,
mesai saatleri disinda acil durumlarda kidemsiz bir
anestezi ekibi liyesi tarafindan gerceklestirilebilecek hizli
stral1 indiiksiyon ve entiibasyon da bu riski artirmaktadir
(27,28). Anestezi indiiksiyonu sirasinda tiyopental
kullanilmasi ve indiiksiyon sirasinda opioid (6rn. fentanil)
kullanilmamasi diger risk faktorlerindendir (26,29).

Total Intraveniz Anestezi Iliskili Risk Faktorleri

Total intravendz anestezi (TIVA), inhalasyon anestezik
ajanina dayali tekniklerle karsilastirildiginda daha yiiksek
farkindahk riski ile iliskilidir. Bir TIVA tekniginin
kullanimryla artan risk, muhtemelen yetersiz doz
verilmesine yol agabilecek intravendz anestezik ajanlarin
kan konsantrasyonu monitdrlerinin bulunmamasindan
kaynaklanmaktadir. Bu, end-tidal anestezik
konsantrasyonunun (ETAK) siirekli izlenmesinin gergek
zamanli doz ayarlamalarina izin verdigi inhalasyon
anesteziklerinin tersidir. TIVA sirasinda, farkindalik
yetersiz anestezi derinligini  belirtmek i¢in kismen
hastanin agrili uyaranlara verdigi tepkiler nedeniyle fark
edilir. Bununla birlikte, hastada yeterli kas gevsemesi i¢in
noromiiskiiler blokaj uygulanmissa, hareket dnlenebilir ve
farkindalik anestezist tarafindan fark edilmeyebilir (25).
Ayrica, TIVA uygulamasi sirasinda vendz kateter takili
ekstremite sikistirildiginda, ekstremite cerrahi ortiiler
nedeniyle siirekli olarak goriinmediginde, venoz kateterin
serum hattindan ayrilmasi veya damar i¢i kateterin
damardan c¢ikarak cilt altina infiltrasyonu nedeniyle de
meydana gelebilir (25,30).

Bir klinisyenin yanlis ilac1 veya yanlis konsantrasyonu
uygulamasi hala miimkiin olsa da akilli damar igi
inflizyon pompalarmin kullanilmasi pompa programlama
hatalarin teorik olarak onleyebilir. Teorik olarak, hedef
kontrollii infiizyon (HKI) cihazlarmin kullanilmast,
yetersiz anestezi ile sonuglanabilecek yanlis dozaj riskini
azaltabilir. Anestezi uzmanlarinin genis bir aragtirmasinda
farkindalik durumu olusan hastalarin hicbirinde TIVA
uygulamak icin bir HKI cihazi kullanilmamistir. Ancak,
higbir ¢alisma HKI kullamimimin TIVA sirasinda anestezi
altinda farkindalik riskini azalttigimmi kesin olarak
gdstermemistir. Ayrica, HKI teknolojisi ABD Gida ve ilag
Idaresi tarafindan ABD’de kullanim i¢in onaylanmamustir
(30).

Elektroensefalografi monitérleri gibi beyin izleme, TIVA
(veya diger anestezik teknikler) kullanimi sirasinda genel
anestezinin biling kaybina yol agmasini saglamak igin
klinik yetenegi gelistirebilir. Gelisen diger teknolojiler,
solunan  havadaki  konsantrasyonunu belirleyerek
serumdaki  propofol  konsantrasyonlarinin  tahmin
edilmesine izin verebilir, ancak bu tiir yontemler yaygin
olarak kullanilmamaktadir (25,30).

Noromiiskiiler Blokaja Baglh Risk Faktorleri

Anestezi sirasinda farkindalik hali i¢in en 6nemli risk

faktoriinden biri bir ndromiiskiiler bloke edici ajanin
kullanilmasidir.  Kas felci, hastanin farkindaliginin
fizyolojik  belirtilerinden  birini  (yani  amagh
hareket) ortadan kaldirir. Tam felg, bir farkindalik
deneyiminin psikolojik travmasimmi agridan bile daha
fazla kotilestirdiginden, uzun vadeli psikolojik sekel
potansiyeli artabilir. Operasyonun sonunda anestezinin
derlenme asamasinda anestezik ajanin etkisinin ortadan
kalkmasina ragmen kas gevseticinin etkisinin kismen de
olarak devam etmesi farkindalik durumuna yol agabilir.
Noromiiskiiler blokaj sugammadeks veya neostigmin ile
ortadan kaldirilabilir. Noromiiskiiler blokajin kaldirilmasi
solunum fonksiyonunun iyilesmesine yardimci olmanin
yani sira farkindalik potansiyelini azaltir (2,3,5,24).
Anestezide Farlandaltk ve Hukuki Onemi

Anestezi sirasinda farkindalik hakkindaki risk hastaya
detayli anlatilmalidir. Ancak bilgi hekim tarafindan gok
incelikli ve dikkatli bir sekilde verilmelidir. Bu risk, hukuki
olarak yurtdisinda cok énemli bir konudur. Ornegin bugiine
kadar Almanya’da farkindalikla ilgili sadece 3 mahkeme
karar1 olmustur. Tiim davalarda iddialar reddedilmistir.
2013 yilinda, farkindalik durumunda bilgilendirilmis
onamla ilgili bir mahkeme karar1 yoktur (31). Tiirkiye’de
de bu konu ile ilgili hukuki sikdyet ve davalar baglamamis
olsa da sosyal medyaya yansiyan sikayetler mevcuttur
(32). Bu risk 6nlem alinmadigi zaman 6nemli bir sorun
haline gelebilir. Ozellikle farkindalik riski oldugu
bilinen hastalarda yeterli denetim yapilmasi, anestezinin
hazirlanmasinda veya kontroliinde teknik hatalardan
kagmilmasi1 ve farkindalik olusmussa yeterli terapdtik
miidahale baslica alacagimiz 6nlemlerimizden olmalidir.
Anestezide Farlandaltk Durumunun Onlenmesi
Anestezideki farkindaliginin 6nlenmesi igin birkag pratik
oneri sunulabilir. Bu 6nlemler preoperatif ve intraoperatif
donemde uygulanabilir (14). Preoperatif olarak risk
altindaki hastalarin belirlenmesi, daha once farkindalik
yasayanlar gibi risk altindaki hastalara iliskin dikkatli bilgi
alinmasi ve bilgilendirme yapilmasini, degistirilebilir risk
faktorlerinin diizeltilmesini, anestezi cihaz ve aletlerinin
kontroliinii igermektedir (2,3,14).

Intraoperatif yonetim ise noromiiskiiler izlemenin
kullanimi (niceliksel>niteliksel) bilmek, ndromiskiiler
blok tamamen iyilesene kadar yeterli anestezi durumunun
stirdiirilmesini  saglamak, ndromiiskiiler bloke edici
ilaglarin dikkatli doz ayarlamasini yapmaktir. Bispektral
indeksi (BIS) monitorizasyonu bu doz ayarlama
yontemlerinden biridir ve BIS kullaniminin ameliyat
sirasinda  uyanikligi  engelleyebilecegi  bildirilmistir
(33). BIS bir EEG parametresidir ve cesitli elektrotlar
kullanilarak EEG sinyallerini algilamaktadir. BIS indeksi
0-100 arasinda degisen bir sayidir ve bu degerin 100
civarinda olmasi hastanin uyanik oldugunu belirtirken,
0 oldugunda izoelektrik EEG’yi gostermektedir. Bu
deger takip edilerek hastanin uyaniklik durumu kontrol
edilebilir (34). Ayrica tamamen hastanin bilinci agilmadan
ekstiibasyondan kag¢inmak ve ozellikle yiiksek riskli
hastalarda uyku derinligini 6lgen beyin izleme cihazlarinin
kullanim1 6nerilmektedir (3,5)

SONUC

Anestezi uygulamasinda farkindalik halini 6nlemek igin
en iyi strateji her hastaya gore iyi bir hazirlik ve dikkatli bir



Yilmaz ve ark.

anestezi yonetiminin kombinasyonu gibi goriinmektedir.
Bununla birlikte, alinabilecek tiim Onlemlere ragmen,
anestezi sirasinda farkindalik ataklarinin  sinirlt  bir
yiizdesinin dnlenemeyecegi unutulmamalidir. Buparadoks,
ozellikle heniiz aydinlatilmamis birgok yonii olan g¢ok
karmasik bir norofizyolojik stireci igermektedir. Optimal

yaklasim, anestezi yonetimi igin uygun stratejilerle birlikte
risk altindaki hastalarin belirlenmesini, ilaglarin 6zenli ve
dogru hazirlanmasi ve dikkatli bir sekilde uygulanmasidir.
flaglarin kullanim miktarimni, néromuskuler blok diizeyini
ve uyku derinligini 6lgen cihazlarmn rutin kullanimi
ameliyat sirasindaki farkindalig azaltacaktir.

Cikar Catismasi: Yazarlar bu ¢aligmada herhangi bir ¢ikara dayali iliski olmadigini beyan etmislerdir.
Etik: Etik izin gerekmemektedir.

Finansal Destek: Yazarlar bu ¢alismada finansal destek almadiklarini beyan etmislerdir.

Son onay: Tiim yazarlar tarafindan onaylanmistir.
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Definition of Sepsis and Novel Biomarkers for Sepsis

Sepsisin Tanimi ve Sepsis I¢in Yeni Biyobelirtecler

Abuzer Ozkan

Health of Sciences University Bagcilar Training and Research Hospital, Department of Emergency Medicine, Istanbul, Tiirkiye.

Dear Editor,

Sepsis is a clinical syndrome with high mortality that
can progress with multiple organ failure as a result of
the body’s abnormal and inappropriate host response to
infection. In order to determine some definitions that could
be used in sepsis patients and make it easier for clinicians
to recognize and categorize these patients, a conference
was held for the first time in Northbrook in 1991 by
the American College of Chest Physicians/Society of
Critical Care Medicine. SIRS (systemic inflammatory
response syndrome) criteria were defined for the first
time (Sepsis-1 criteria) (1). Since there is no gold standard
method for the diagnosis of sepsis, the definition of sepsis
was insufficient and unclear for many clinicians until
2001, the ‘International Sepsis Definitions Meeting’ was
held in Washington in December 2001 in order to correct
the existing definitions and increase their accuracy and
reliability (Sepsis-2 criteria) (2). These criteria were used
until 2016. Sepsis definition was updated in 2016 by the
European Intensive Care Medical Association and the
Intensive Care Medical Association due to the correct
understanding of the pathophysiology of sepsis, the terms
described in 1991 and 2001 being used interchangeably or
unnecessarily, the SIRS criteria not having high specificity
in sepsis patients, and the understanding that they only
address the excessive inflammatory response (Sepsis-3
criteria) (3). With these updates, the diagnosis of sepsis
was changed to the diagnosis of the body’s inappropriate
inflammatory response to infection, it was accepted that
the SIRS criteria do not always indicate the infection status
and that it can occur in many hospitalized patients, and
these criteria were abandoned. In addition, the diagnosis
of severe sepsis was also abandoned. According to these
criteria, sepsis is defined as a clinical syndrome with high
mortality that can progress with multiple organ failure
as a result of the body’s abnormal and uncontrolled host
response to infection.

There is no specific biomarker for sepsis. In the literature,
there are many ideal biomarker studies but the definition
of sepsis is so vague. Since there is no standard for
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distinguishing infection, it is difficult to distinguish sepsis
from SIRS that is especially non-infectious.

Platelets are the basic cells of hemostasis. However,
recent studies have shown that they also play a role in
inflammation (4,5). Studies have shown that mortality
increases in patients with decreased platelet function and
thrombocytopenia due to sepsis, and that it plays a role
in determining the prognosis in patients who stay in the
ICU for more than five days and subsequently develop
thrombocytopenia (6).

Lactate is formed as a result of the catabolism of the
intermediate metabolite pyruvate, which occurs as a result
of glycolysis, by the lactate dehydrogenase enzyme under
anaerobic conditions (7). Due to tissue hypoperfusion in
sepsis, hyperlactatemia occurs as a result of the decrease
in oxygen delivery and the shift of the primary energy
source for cells to anaerobic glycolysis, and it also occurs
as a result of the reprogramming of glucose metabolism
seen in immune system cells (8).

Procalcitonin is produced by C cells of the thyroid gland in
healthy individuals in the absence of inflammation. Serum
procalcitonin levels rise 2-4 hours after an inflammatory
stimulus. After reaching its peak value at the 6th hour,
it maintains its plateau value for up to 8-24 hours and
its plasma half-life is 24 hours. Apart from systemic
infection, causes such as shock, trauma, surgery, burn
injury, pancreatitis, and chronic kidney disease can also
induce procalcitonin production. Among all these reasons,
the highest levels were detected in sepsis. Procalcitonin is
also used as a marker of serious bacterial infections and
organ failure due to sepsis (9,10). In 2016, its use was
approved by the Food and Drug Administration (FDA) on
the grounds that procalcitonin monitoring helps predict
28-day mortality in patients with sepsis and septic shock.

SCUBE-1 is a cell surface protein identified by recent
studies within the SCUBE gene family. EGF-like repetitive
structures have been shown to function as an adhesive
module in mediating platelet-matrix and platelet-platelet
interactions. Although these soluble EGF-like portions of
SCUBE-1 do not induce platelet aggregation per se, they
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can potentiate ristocetin-induced platelet agglutination
(11,12). In a study conducted in Turkey, including 187
patients, it was reported that SCUBE-1 is an independent
prognostic factor in septic patients (13).

CD14 is a co-receptor located on the membrane of myeloid
cells that helps the presentation of lipopolysaccharides
to toll-like receptor-4 and lipopolysaccharide-binding
protein. These lipopolysaccharides are found especially in
the cell walls of bacteria phagocytosed by macrophages,
monocytes, and neutrophils. After stimulation of the
receptor, the membranous part of CD14 is destroyed and
its level decreases, while sCD14 is secreted from the cell.
It is then converted to presepsin, sCD14-ST (subtype), by
cathepsin D and other proteases. The characteristics of
presepsin are that it is measured in healthy individuals,
increases in the early stage of infection, and is directly
proportional to the activity of innate immunity (14).
Presepsin has recently attracted the attention of various
clinical research groups as a prognostic biomarker in
sepsis. The biological activity of presepsin has not been

elucidated in detail. However, it has been identified as
a moderating factor. Plasma presepsin levels can be
considered an indicator of activated innate immune
effector cells in response to invasive pathogens (15).
Copeptinis a glycopeptide molecule consisting of 39 amino
acids located at the C-terminus of pre-pro-vasopressin
and was first identified in 1972. During the release of
arginine vasopressin from the pituitary, they are released
in equal molar amounts together with a peptide molecule
called neurophysin. It is not yet clear whether copeptin
has a physiological role or whether it is a nonfunctional
protein found as a residue after arginine is separated
from vasopressin (16). High copeptin levels serve as a
prognostic marker for adverse outcomes in sepsis, shock,
pneumonia, stroke, acute coronary syndrome, and diabetes
17).

As a result, the definition of sepsis is newly taking
shape in the literature. However, there is no ideal sepsis
biomarker. Researchers should be encouraged to work on
new markers in this field.
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CASE REPORT

Prolonged Air Leak After Pleurectomy/Decortication Surgery in Two
Patients with COVID-19 Pneumonia

COVID-19 Pndémonili iki Hastada Plérektomi/Dekortikasyon Ameliyati Sonrasi
Artan Uzamis Hava Kagagi

Merve Satir Tiirk* Ismail Tombul? Muhammet Sayan*

Ali Celik? Abdullah irfan Tastepe?
1 Dr. Ersin Arslan Training and Research Hospital, Gaziantep, Tiirkiye
2 Gazi University, School of Medicine, Department of Thoracic Surgery, Ankara, Tiirkiye

ABSTRACT

Surgical treatment is a part of multimodal treatment in patients with malignant pleural mesothelioma in appropriate
clinical stage and medical condition. The pleurectomy/decortication is a surgical technique for mesothelioma
and its challenging morbidity is prolonged air leak. In case of prolonged air leakage, both the duration of tube
thoracostomy and the risk of its complications increase. An increase in this complication is expected due to
reasons such as pleural adhesions developing as a result of exaggerated inflammation in COVID-19 pneumonia
and increased susceptibility to tearing in the alveoli. Here, we present the treatment of prolonged air leak after
pleurectomy-decortication surgery in 2 cases of malignant pleural mesothelioma who were scheduled for surgery
after induction therapy and who developed COVID-19 pneumonia during the preparation process.

OZET

Malign plevral mezotelyomada uygun klinik evre ve medikal kondisyonlu hastalarda cerrahi tedavi, multimodal
tedavinin bir par¢asidir. Plorektomi-dekortikasyon yontemi, mezotelyoma i¢in uygulanan cerrahilerden biridir
ve bu yontemdeki korkulan morbidite uzamis hava kagagidir. Uzamis hava kacaginda tiip torakostomi siiresi
de uzamakta ve buna bagl komplikasyon riski de artmaktadir. COVID-19 pnomonisinde abartili inflamasyon
sonucu gelisen plevral yapisikliklar ve alvelollerdeki yirtilmaya yatkinlik artisi gibi sebeplerle bu komplikasyonda
artis beklenen bir durumdur. Burada malign plevral mezotelyoma tanisiyla indiiksiyon tedavisi sonrasi cerrahi
planlanan ve hazirlik siirecinde COVID-19 pnémonisi gelisen 2 olguda, plorektomi-dekortikasyon ameliyati

Keywords:

COVID-19

Malignant pleural mesothelioma
Prolonged air leak

Anahtar Kelimeler:
COVID-19

Maling plevral mezotelioma
Uzamusg hava kagagi

sonrast uzamis hava kagagi ve uzamag tiip torakostomi tedavisi sunulmugstur.

INTRODUCTION

Malignant pleural mesothelioma (MPM) is a pleural
malignancy with poor prognosis. Treatment of MPM
is multimodal including surgery, chemotherapy and
radiotherapy. Surgical therapy can be performed before
or after induction chemotherapy in suitable patients.
Primary aim of surgery is cytoreduction and it plays an
important role in staging of MPM (1). There are two
surgical option called pleurectomy/ decortication (P/D)
and extrapleural pneumonectomy (EPP) for MPM (2).
When the pericardium and/or diaphragm are included in
P/D surgery, extended pleurectomy decortication is called
EP/D. In surgery Mediastinal lymph node dissection
or sampling is also important for staging of MPM (3).
Prolonged air leakage due to alveolization after visceral
pleurectomy in P/D procedure is a feared complication.
Covid-19 pneumonia causes a strong inflammatory
response with proinflammatory cytokine release, oxidant
stress and damaging of alveolar epithelium so risk of
alveolization is increased in P/D procedure due to dense
pleural adhesions in patients (4). Cytokine storm is an
uncontrolled release of cytokines leading to hyperinflation
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in patients with COVID-19 pneumonia and it can be
accompanied by further immune cell activation. The
higher levels of inflammatory cytokines such as IL-6, IL-
10, and TNF-a, in patients with COVID-19 pneumonia
who developed pleural effusion is also indicate an intense
cytokine storm (6,7). The developing cytokine storm
induces extensive alveolar damage that makes the alveoli
more vulnerable to rupture (8). Here, we presented two
patients with prolonged air leak after P/D for MPM

following induction chemotherapy and developed
COVID-19 pneumonia during treatment.
CASE 1

A 66-year-old male patient was referred to us with
complaints of fatigue and dyspnea. Pleural thickening
and nodulation were seen in the right hemithorax
on thorax computed tomography (CT). PET-CT
showed a pathological increased uptake of 18f-FDG
at pleural thickening areas (Figurel, SUV max:10,2).
We planned VATS pleural biopsy with MPM pre-
diagnosis. Histopathologic evaluation revealed mix type
mesothelioma and he referred to department of medical
oncology for induction chemotherapy (ChT). After the
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Figure 1: PET CT image.

Figure 3: Postoperative 0 day chest X-ray and chest
X-ray after chest tube removal.

four cycles induction ChT, we re-evaluted the patient and
planned the P/D surgery. During the surgical preperations
the SARS-Cov2 qRT-PCR test of patients was positive.
Appropriate treatment was started to him and the operation
was postponed for 28 days. We performed EP/D procedure
to patient after the medical treatment for covid-19
pneumonia (Figure 2). The patient was discharged on the
10th postoperative day with heimlich valve but he was
hospitalized again due to empyema detected 5th day after
discharging. A second tube thoracostomy was inserted at
junction of 7% intercostal space with posterior axillary
line for empyema drainage. Antibiotherapy with wide
spectrum was started. The first chest tube was removed
7" day of antibiotic therapy. During the treatment period,
consecutive pleural cultures became negative and air leak
stopped on the 55® postoperative day and the other chest
tube was removed and, patient was discharged (Figure 3).

38

CASE 2

A 65-year-old farmer male referred to us for right
pleural effusion and pleural thickening on thorax CT.
The pathological increased uptake of 18f-FDG was
detected at the pleural thickening areas on PET-CT
(SUV-max: 9,4). Results of histopathologic examination
of pleural specimen taken by VATS was epitheloid type
mesothelioma.  Similarly, we planned surgery after
induction Cht, we re-evaluted the patient and planned the
P/D surgery. Histopathological report indicated epitheloid
type mesothelioma, and the patient received 4 cycles of
chemotherapy. The SARS-Cov2 qRT-PCR test given by
the patient for preoperative preparation after KT was
positive. Appropriate treatment was applied and the
operation was postponed for 28 days. EP/D was performed
to him and he was discharged with a chest tube removed
on postoperative 22" day (Figure 4).

Figure 4: Postoperative 0" day chest X-ray and chest
X-ray after chest tube removal.

DISCUSSION

Here, we aimed presenting the prolonged air leak that
developed after EP/D surgery for MPM in a patient
with intense pleural inflammation caused by Covid-19
pneumonia. The most common surgical morbidity
associated with P/D is prolonged air leak and duration
of tube thoracostomy. The known reason of that situation
is the absence of a surgical dissection plan between the
visceral pleura and the alveoli. The air leak problem is
generally managed by conservatively such as suction,
pleurodesis etc., until the air leak stops and lungs expand.
The mean hospital duration was reported as 18.3 days in
a case series including 90 cases of EP/D (9). Hashimoto
et al. reported median duration of hospital stay was 21
days in patients with MPM treated by P/D and EP/D
(10). P/D and EP/D were performed to total of 41 patients
between March 2010 and May 2021 in our department
and the median duration of hospitalization was 19 days.
However, prolonged hospitalization occurred in these two
patients with COVID-19. Hameed et al. reported that an
exaggerated inflammatory response, increased pleural
adhesion and increased tendency of alveoli to tearing
occurred in COVID-19 pneumonia and they claimed there
was a prolonged air leak for these reasons (8). Prolonged
air leak leads to both prolongation of tube thoracostomy
and hospital stay and increases complication rates. The
most important complication is pleural empyema, and
mortality and morbidity increase significantly in this case
(11). In Case-1, a pleural empyema due to prolonged TT
occurred and a second TT was required for loculated
empyema.
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CONCLUSION studies including larger numbers of patients are needed
Prolonged air leak and empyema complications should be to define measures such as timing of surgery, necessary
keep in mind in patients with COVID-19 pneumonia when immunosuppression, etc. to prevent these complications.

required P/D or EP/D surgeries for MPM. Multicenter
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Adrenal Ganglioneuroma with Lymph Node Metastasis: A Rare

Case Report

Lenf Nodu Metastazi Gosteren Adrenal Gangliondrom: Nadir Bir Olgu Sunumu
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Merve Dogan Turgut Seber
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ABSTRACT

Ganglioneuroma (GN) is a rare benign, well-differentiated neoplasia originating from the neural crest. Although
it is most commonly seen in the posterior mediastinum, it can be observed in many areas including the adrenal
gland. Lesions located in the posterior mediastinum and retroperitoneum are mostly seen in the pediatric
population and adrenal ganglioneuromas are more common in the 4-5. decade. GN is a benign neoplasia but
very rarely lymph node and distant organ metastases have been reported. In this study, a case of adrenal gland
ganglioneuroma showing lymph node metastasis in a 3-year-old male patient is presented.

OZET

Ganglionéroma (GN) néral krestten koken alan nadir goriilen benign, iyi diferansive bir neoplazidir. En sik
posterior mediastende goriilmekle birlikte adrenal bez de dahil olmak iizere bir¢ok alanda izlenebilir. Posterior
mediasten ve retroperiton yerlesimli lezyonlar daha ¢ok ¢ocuk popiilasyonda, adrenal ganglionoromalar ise
daha ¢ok 4-5. dekadta izlenmektedir. Benign olmalarina ragmen ¢ok nadir lenf nodu ve uzak organ metastazi
bildirilmistir. Bu ¢alismada 3 yasinda erkek bir hastada lenf nodu metastazi gosteren, adrenal bez yerlesimli bir
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ganglionéroma olgusu sunulmustur.

INTRODUCTION

Ganglioneuromas are rare benign neoplasms that
represent less than 5% of adrenal masses and develop
from the neural crest. It consists of ganglion cells, mature
Schwann cells, and neural fibers (1). Ganglioneuromas
may develop spontaneously or by maturation of more
immature neuroblastic tumors (2). It develops mainly
from the posterior mediastinum and retroperitoneum.
Adrenal ganglioneuromas are rare tumors that make
up 20% of all ganglioneuromas (3). The median age at
diagnosis is 35.3 (13-59)(4). Adrenal ganglioneuromas are
usually asymptomatic and hormonally silent. Although
it is discovered incidentally in 66%, they may present
with abdominal discomfort, hypertension, headache,
palpitation, menstrual irregularity (4).

Despite the fact that these tumors are benign, lymph node
and distant organ metastases have been reported very
rarely (3,5,6,7,9,11-14).

CASE

A mass in the left adrenal gland was detected in the
computed tomography (CT) imaging of a 3-year-old male
patient who had no previous known disease and applied
to an external center due to bloody diarrhea caused by
rotavirus infection. The case was referred to the pediatric
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oncology department with a preliminary diagnosis
of neuroblastoma. On magnetic resonance imaging,
a smooth-contoured solid-weighted mass containing
millimetric cystic areas was observed in the left adrenal
tract, measuring 41x33x52 mm (Figure 1).

There was no significant restriction in diffusion in the
homogeneously enhanced mass after intravenous contrast

Figure 1: Trace diffusion-weighted transverse MRI
shows a large hyperintense mass in the left adrenal tract
(arrowheads).
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agent. Therefore, it was evaluated primarily in favor
of benign/mature neurogenic tumor (ganglioneuroma,
ganglioglioma, etc.). In the operation performed on the
patient with normal laboratory values, samples were taken
from the paraaortic lymph nodes near the renal vein for
staging and the total excision of the well-circumscribed
mass.

Macroscopically, 2 different mass excision materials, the
largest 5.5x3x3.5 cm and the smallest 3.5x2x0.5 cm, and 2
lymph node-registered tissues measuring 1.5x1.2x0.6 cm
and 0.6x0.5x0.6 cm were observed.

Histopathological ~ examination revealed  tumoral
infiltration surrounded by a connective tissue capsule.
The tumor consisted of schwann cells and ganglion cells
in the background containing varying degrees of collagen
and myxoid areas (Figure 2). Schwann cells are separated
by small fascicles and loose myxoid stroma. Interspersed
small and large groups of ganglion cells were observed.
All of the ganglion cells were mature with compact
eosinophilic cytoplasm, single, eccentric nuclei and
prominent nucleoli (Figure 3). In between, lymphoid cells
forming lymphoid follicle structures were observed. No
blastomatous component was observed. One lymph node
adjacent to the tumor in an area near the tumor areas was
observed to be metastatic (Figure 4). 2 lymph nodes sent
separately were found to be reactive.
Immunohistochemical studies showed positive staining
with S100, NSE, synaptophysin, neurofilament in
Schwann cells and stroma. Positive staining with S100,
synaptophysin, NSE, chromogranin A was obtained in
ganglion cells. Low proliferation was observed with

Figure 2: Tumoral infiltration consisting of schwann
cells and ganglion cells (HEx40).

Figure 3: Mature ganglion cells with eosinophilic cytop-
lasm, eccentric nuclei and prominent nucleoli (HEx100).

Figure 4: Metastatic lymph node (HEx100).
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Table 1: Metastatic ganglioneuromas in the literature.

Patient Age Gender Site Symptoms Size Location of Metastasis
1 31 Male Adrenal Incidental 10 cm Liver
2 27 Male Retroperitoneum Left upper qadrar'lt Not reported  Lymph node
and epigastric pain
3 43 Male Retroperitoneum g;)iﬁer abdominal 25 cm Liver (PNST)
. Tachypnea and left
4 3 yrs 10 mo Female Toracic hemithorax Not reported ~ Lymph node
Abdominal pain, .
5 30 Male Adrenal . 30x18x13 cm  Retroperitoneum (PNST)
carly satiety, nausea
6 8 Male Adrenal Autopsy case Not reported  Liver and spleen
7 52 Female Retroperitoneum Dyspeptic Not reported ~ Lymph node
symptoms
8 13 Female Parafarengeal S.Wellmg on the left 3.5x4x8 cm Multifocal bone
side of the neck metastases
. Soft tissue metastases in
9 2yrs 1 mo Male Adrenal Swelling of legs 243 ml buttocks and legs
10 3yrs 8 mo Female Toracic Fever and cough 173 ml Lymph node
11 5 Female Abdominal Abdominal pain 480 ml Lymph node

PNST: peripheral nerve sheath tumor

Ki67. Histochemically, positive staining was observed
in myxoid areas. The case was diagnosed as Schwannian
stroma rich mature ganglioneuroma.

No residue-recurrence was detected in the follow-up of
the patient who underwent total resection.

DISCUSSION

Due to the frequency of using medical imaging methods,
there has been an increase in the number of adrenal
incidentilomas (8). Adrenal ganglioneuromas should
be kept in mind in the differential diagnosis of adrenal
masses. Ganglioneuromas most commonly develop in
the thoracic (41.5%), abdominal non-adrenal (37.5%) and
21% of the adrenal regions (3). Primary GN occurs at a
slightly older age than neuroblastomas.

In a study of 42 cases, the median age of ganglioneuromas
located in the adrenal region was 35.3 (13-59)(4). In
another study, the median age was 35 (19-73)(1). In
this case, we presented an incidentally detected adrenal
ganglioneuroma in a 3-year-old male patient. Although
GN in adrenal localization is seen at an older age, there
are cases reported in the pediatric population (3,13). In
the literature, In a study of 49 cases conducted by Goerger
et al. ; 9 out of 10 adrenal localized cases were children
(<10 years old) (3). GN are benign neoplasms and are
usually asymptomatic. In cases with symptoms, the
findings depend on the compression effect of the tumor.
Rarely, it depends on the vasoactive peptides secreted by
the tumor. Although our case was detected incidentally,

the patient did not have any tumor-related symptoms.
Ganglioneuromas are benign neoplasms but distant organ
metastases (7,13,14) and lymph node metastases (3,5,6,9)
have been reported rarely.

In the literature, 12 GN cases together with our case have
metastasized (Table 1). Five of them are metastatic GN
cases with adrenal localization. Seven of these cases
showed lymph node metastasis. Five (5/12) of the cases in
the literature are female and 7 cases are male. Since lymph
node metastasis was also observed in our case, it should
be kept in mind that although ganglioneuromas are benign
lesions, they may rarely present with metastasis.

The prognosis after total excision in ganglioneuromas is
excellent (3,7). However, local recurrence and malignant
peripheral nerve sheath tumor (PNST) transformations
have been reported (11,12). Therefore, long-term follow-
up of the case after total excision of the lesion is important.
In the latest World Health Organization (WHO)
classification of ganglioneuromas, there are two
histological subtypes, mature GN and maturing GN. Our
case was a mature ganglioneuroma rich in stroma.
CONCLUSION

In conclusion, ganglioneuromas should be considered
in childhood adrenal tumors. Although GN is benign
neoplasms, it should be kept in mind that very rarely,
they have the potential for malignant transformation and
metastasis to localizations such as lymph nodes, liver,
spleen, and soft tissue.
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