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Editorden

Degerli Bilim Insanlari ve Kiymetli Okuyucular,

Hitit Medical Journal’in yeni sayisiyla sizlerle bulusmanin gururunu ve heyecanini yasiyoruz. Dergimiz,
bilimsel niteligi ve yayin ilkelerine olan bagliligi sayesinde her gegen guin blylyerek ulusal ve uluslararasi
akademik camiada daha fazla taninir hale gelmektedir. Artan ilgi, bizlere blylk bir motivasyon kaynagi
olmakla birlikte, akademik sorumlulugumuzun da artmasina vesile olmaktadir.

Bu sayida, dergimize olan ilginin giderek arttigini bir kez daha gbézlemliyoruz. Bilimsel ¢calismalarin
paylasilmasi ve akademik bilginin yayinlanmasina verdigimiz 6nem dogrultusunda, makale degerlendirme
sureclerini titizlikle ve seffaf bir sekilde yurtutmeye devam ediyoruz. Amacimiz, nitelikli bilimsel calismalari
en kisa surede siz degerli okuyucularimizla bulusturarak bilim dlinyasina katki saglamaktir.

Bu sayimizda, tip alaninin farkli uzmanlik alanlarindan ve disiplinlerinden toplam 20 makaleyi sizlere
sunmaktan mutluluk duyuyoruz. Bunlar 13 orijinal arastirma makalesi, 3 derleme, 2 olgu sunumu ve 2
editore mektup olup, literatire dnemli katkilar sunacak niteliktedir. Her bir ¢calismanin bilimsel gelisime
1Stk tutmasini ve saglik alaninda yeni bakis acilari kazandirmasini diliyoruz.

Hitit Medical Journal olarak bizlere glivenen, bilimsel birikimlerini bizimle paylasan tim yazarlarimiza
ve ilgileriyle bizleri motive eden siz degerli okuyucularimiza en icten tesekkdrlerimizi sunariz. Bilimin
1siginda hep birlikte ilerlemek dilegiyle, keyifli ve ilham verici bir okuma deneyimi dileriz.

Dog. Dr. Abdulkerim YILDIZ
HMJ Edit6éryal Kurul adina



From the Editor

Dear Scientists and Esteemed Readers,

We are proud and excited to meet you with the new issue of Hitit Medical Journal. Our journal is growing
day by day thanks to its scientific quality and commitment to publication principles and is becoming more
recognized in the national and international academic community. The increasing interest is a great
source of motivation for us and also increases our academic responsibility.

In this issue, we observe once again that the interest in our journal is increasing. In line with the
importance, we attach to sharing scientific studies and publishing academic knowledge, we continue
to carry out article evaluation processes meticulously and transparently. Our aim is to contribute to the
world of science by bringing qualified scientific studies together with you, our valued readers, as soon as
possible.

In this issue, we are happy to present to you a total of 20 articles from different areas of expertise and
disciplines in the field of medicine. These are 13 original research articles, 3 reviews, 2 case reports and
2 letters to the editor, and they are of a nature that will make significant contributions to the literature.
We hope that each study will shed light on scientific development and provide new perspectives in the
field of health.

As Hitit Medical Journal, we would like to express our sincere gratitude to all our authors who trust us and
share their scientific knowledge with us, and to our valued readers who motivate us with their interest.
We wish you an enjoyable and inspiring reading experience, wishing to progress together in the light of
science.

Doc. Dr. Abdulkerim YILDIZ
On behalf of the HMJ Editorial Board
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Comparison of Extracorporeal Shock Wave Therapy, Ultrasound and Dexamethasone
lontophoresis in Patients with Lateral Epicondylitis

ABSTRACT

Objective: The purpose of this study is to determine the effectiveness of extracorporeal shock wave therapy
(ESWT), ultrasound (US), and dexamethasone iontophoresis treatments on pain, grip strength, functionality, and
quality of life in patients with lateral epicondylitis, and overdetermine the superiority of the treatments to each
other.

Material and Method: This single-blind, prospective study included 78 patients who were diagnosed with lateral
epicondylitis. The patients were randomized into three groups. The same physiotherapy program consisted of
hot packs, transcutaneous electrical nerve stimulation (TENS), and exercises were administered to all groups.
All exercises were performed under the supervision of a qualified physiotherapist. In addition to a 10-day
physiotherapy program, every 5 days, a total 3 sessions of ESWT were conducted to the 1st group, 10 days of US
applied to the 2nd group, and 10 days of dexamethasone iontophoresis therapy to the 3rd group. Evaluations
were carried out before, and 1 month after treatment. Pain severity levels were measured using the numeric rating
scale (NRS), disability using the Quick Disabilities of the Arm, Shoulder, and Hand (Quick DASH), quality of life
using the Nottingham Health Profile (NHP), and grip strength using a dynamometer and pinch strength using a
pinch meter.

Results: The groups were similar in demographic and clinical characteristics. A significant temporal change was
found in three groups in terms of pain severity, disability, grip strength, and quality of life at the first month after
treatment. When the efficacy of these treatments was compared after treatment in the first month, dexamethasone
jontophoresis was statistically superior to US, and ESWT in terms of pain, and quality of life (p<0.001, p=0.007,
p<0.001, p<0.001 respectively). Also, the US was superior to ESWT in terms of quality of life (p<0.001).
Conclusion: Dexamethasone iontophoresis is more effective in functional and clinical improvement in the
treatment of patients with lateral epicondylitis.

Keywords: Lateral epicondylitis, ultrasound, dexamethasone iontophoresis, extracorporeal shock wave therapy,
tennis elbow

OZET

Amag: Bu calismanin amaci, lateral epikondilitli hastalarda ekstrakorporeal sok dalga tedavisi (ESWT), ultrason
(US) ve deksametazon iyontoforez tedavilerinin agri, kavrama gticl, fonksiyonellik ve yasam kalitesi GUzerindeki
etkinligini belirlemek ve hangi tedavinin daha etkili olabilecegini belirlemeyi amacladik.

Gerec¢ ve Yontem: Bu tek kor, prospektif, randomize calismaya lateral epikondilit tanisi konan 78 hasta dahil edildi.
Hastalar ¢ gruba randomize edildi. Bu tek kor, prospektif, randomize calismaya lateral epikondilit tanisi konan
78 hasta dahil edildi. Hastalar U¢ gruba randomize edildi. Tum gruplar sicak paketler, transkiitandz elektriksel
sinir stimdlasyonu (TENS) ve g6zetimli egzersizleri iceren bir fizyoterapi programi uygulandi. TUm egzersizler
deneyimli bir fizyoterapist gdzetiminde gerceklestirildi. 10 glinlUk fizyoterapi programina ek olarak, 1. gruba her
5 glinde bir toplam 3 seans ESWT, 2. gruba 10 giin US ve 3. gruba 10 giin deksametazon iyontoforez tedavisi
uygulandi. Degerlendirmeler tedaviden énce ve 1ayin sonunda yapildi. Agri siddeti sayisal derecelendirme 6lcedi
(NRS) ile, 6zUrluluk kol, omuz ve el hizh 6zGrlGluk dlcedi (Quick DASH) ile, yasam kalitesi Nottingham Sagdlik Profili
(NHP) ile, kavrama glict dinamometre ile ve parmak glct pinchmetre ile élctldd.

Bulgular: Gruplar demografik ve klinik 6zellikler acisindan benzerdi. Tedaviden sonraki ilk ayda agdr siddeti,
6zarlaltk, kavrama glicU ve yasam kalitesi acisindan U¢ grupta da anlamli iyilesme saptandi. Tedavi sonrasi
birinci ayda bu tedavilerin etkinligi karsilastirildiginda, deksametazon iyontoforez, agri, 6zarlilik ve yasam
kalitesi acisindan US ve ESWT’den istatistiksel olarak Ustlin olarak saptandi (sirasiyla, p<0.001, p=0.007, p<0.007,
p<0.001). Ayrica, US yasam kalitesi acisindan ESWT’den daha Ustln olarak saptandi (p<0.001).

Sonug¢: Deksametazon iyontoforezi lateral epikondilitli hastalarin tedavisinde fonksiyonel ve klinik iyilesmede
daha etkilidir.

Anahtar Sozciikler: Deksametazon iyontoforezi, ekstrakorporeal sok dalga tedavisi, lateral epikondilit, tenisci

dirsegdi, ultrason




Comparison of Extracorporeal Shock Wave Therapy, Ultrasound and Dexamethasone

lontophoresis in Patients with Lateral Epicondylitis

Introduction

Lateral epicondylitis (LE) is one of the most
common causes of nontraumatic elbow pain, which
develops as a result of repetitive stresses due to
overuse of the forearm muscles and is also called
tennis elbow (1,2). It has a prevalence ranging
from 1-3% in the general population, and the age
of onset is generally between 35 and 55 years.
It is seen in women, and more frequently on the
dominant hand side (3). Typical symptom duration
is between 6 and 24 months (4). Previously, lateral
epicondylitis was thought to be an inflammatory
process, but in some studies, inflammatory cells
were not found in histopathological samples, and
it was seen as a tendinosis condition that develops
as a result of angiofibroblastic degeneration of the
forearm extensor muscles (5). Excessive stress on
the insertion of the extensor carpi radialis brevis and
other extensor muscles is the primary cause of the
pathology (6). The main objectives in the treatment
of lateral epicondylitis after diagnosis are; relief of
pain, accelerating the healing process, reduction of
overloading on the elbow joint, and return of the
patient to daily life activities (7).

Although conservative, and surgical treatments can
be used in the treatment, conservative treatments
offer improvement in 95% of the cases. On the other
hand, due to the uncertainty about the etiology of
lateral epicondylitis, and the pathophysiology of the
disease that is not precisely known, no treatment
method that can be accepted as the gold standard
has not been found (8). Conservative treatment
options include rest, patient education, behavior
modification, non-steroidal anti-inflammatory drugs,
use of splints, ice application, electrotherapy, massage,
manual therapy, stretching, and strengthening
exercises, extracorporeal shock wave therapy (ESWT),
dry needling, balneotherapy, cryotherapy, steroid
injections, hyaluronic acid injections, plasma rich
platelet injections, and prolotherapy applications
9).

Theuropatic Ultrasound (US) is a conservative
treatment method for lateral epicondylitis. By the
help of US waves that penetrate to the muscles,
blood flow increases in the tissue, the inflammatory
mediators that lead to pain and muscle spasms are
removed from the tissue and the healing process

begins (10).

Another noninvasive method is ESWT. ESWT is
commonly used in musculoskeletal pathologies (11).
In the ESWT high high-intensity acoustic pressure
waves are applied to the tissue within a short period
of time. Studies have shown that with the help of
ESWT collagen synthesis increases in soft tissues,
and tendons, and vascularization accelerates in the
tissue also reduces pain (12).

lontophoresis is another conservative treatment.
Iniontophoresis, ionized substances are transferred
through the skin to the tissues with electrical
polarization. Thus, dexamethasone iontophoresis
can provide an anti-inflammatory effect without
reaching systemic concentrations in the blood (13).
By the way, the treatment of lateral epicondylitis
without steroid injections may be successful with
the help of dexamethasone iontophoresis.

The purpose of our study; is to evaluate the efficacy
of ESWT, US, and iontophoresis treatments in terms
of pain, grip strength, functionality, and quality of life
in patients with lateral epicondylitis and to determine
the superiority of the treatments against each other.

Patients and Methods

Study Design and Patients

This is a prospective randomized single-blind
clinical study. A total of 78 patients aged between
18-65 who were diagnosed with lateral epicondylitis
between June 2023 and January 2024 were included
in our study. The study was approved by the Hitit
University Ethics Committee (14.06.2023 number
2023-77) and written informed consent was obtained
from all the patients. The study was carried out in
accordance with the principles of the Declaration
of Helsinki. The protocol was registered at clinical
trials (registration number NCT06189521).

Patients who had chronic pain in the lateral
epicondyle for at least four weeks, detection of
sensitivity by palpation on the lateral epicondyle,
and having positivity in at least two special tests
(Cozen test, Maudsley test, and Mills test) were
included in the study. Patients with acute pain were
not included in the study. Physical therapy, ESWT,
or local injections for lateral epicondylitis in the last
3 months, the presence of cervical radiculopathy,
carpal tunnel syndrome, other neuropathic diseases,



neurologic diseases, medial epicondylitis, systemic
inflammatory diseases, tenderness or swelling at
the ipsilateral extremity and fibromyalgia have been
excluded. The patients were randomized into three
groups by a physiotherapist with sealed envelopes.
Clinicians who evaluate patients before and after
treatment (specialist physicians P.O.B and A.G.D)
were blinded to the patient groups. The flow diagram
of the patients is shown in Figure I.

Figure 1. Flow Diagram
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Treatment Applications

The same physiotherapy program was applied
to all groups. The physiotherapy program consisted
of hot packs and transcutaneous electrical nerve
stimulation (TENS) for 10 minutes and stretching
and eccentric strengthening exercises were given
to all groups. All exercises were performed under
the supervision of the same physiotherapist. Only
stretching exercises were performed in the first week
and strengthening exercises were added to these
exercises in the second week. All patients tolerated the
exercises and no patient discontinued the treatment.
Paracetamol tablets are prescribed to patients in
need due to pain. Paracetamol was prescribed to
6 patients in the ESWT group, 9 patients in the US
group, and 7 patients in the control group. Patients
were not given splints for LE.

In addition to the 10-day of physiotherapy program,
in the first group every 5 days, a total of 3 sessions

of ESWT were applied at 1.8 bar, 10.0 Hz, 2000 beats
(Elmed Vibrolith Ortho, ESWT-RSWT, Elmed medical
systems, USA).

In the second group, 10 days of US were applied
at 1.5 watt/cm?, ImHz frequency continuous mode
to the painful area for 5 minutes, 5 days a week
for two weeks (Chattanooga Intelect Advanced
Monochromatic Combo 2772, Chattanooga Group,
USA).

In the third group, 10 days of dexamethasone
iontophoresis therapy were applied. 10 days for 10
minutes. 0,1% dexamethasone ophthalmic pomade
was applied to the anodal electrode and placed on
the lateral epicondyle and 0.1-0.2 mA/cm? galvanic
current was applied in each session (ES-522; 2 channel
low and medium frequency Electrotherapy, ITO Co.
Ltd., Tokyo, Japan).

Clinical Assessments

The clinical and demographic data of the patients
were recorded. Numerical rating scale (NRS) was
used for the pain assessment. Patients rated their
pain from O no pain to 10 worst pain (14).

The hand grip strength (Hgs) was measured with
a Jamar hydraulic hand dynamometer (Saehan,
SH500T1) in kilograms. Measurements were done
while the patients were sitting in a chair in two
positions. In the first position, the patients’ elbows
were fully extended (Hgs ext), in the second position
the patient’s elbows were 90 degrees flexed (Hgs
flex) without touching the chair. Measurements were
made with the affected extremity. The tests were
repeated three times with a 30-second rest between
them and a mean score was calculated (15).

The strength of the pinch was measured using a
hydraulic pinch gauge (Saehan, SH5005) with two
points and three points with both hands. At the two
points; pinch gauge was placed between the thumb
and the lateral part of the second finger. In the
three points; the pinch gauge was placed between
the second and third finger upside and the thumb
downside (16).

Upper extremity disability levels were assessed
with the Quick Disabilities of the Arm, Shoulder,
and Hand (QuickDASH) questionnaire. QuickDASH
is composed of 11 questions to evaluate daily living
activities. Each question is scored from1to 5. Higher
scores indicate a poorer level of function. The Turkish
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version of the test was evaluated (17).

Quality of life was measured by Nottingham
Health Profile (NHP). The NHP is made up of 6
subgroups including pain, energy, sleep, social
isolation, physical activity, and emotional reactions.
The test was composed of 38 questions and the total
score ranged from zero to 100 (18).

Statistical Analyses

In the study power analysis performed by examining
reference studies in the literature and the sample
size to obtain a significant result, the total number of
samples was calculated with the parameters effect
size =0.79, a error probability =0.05, power (1-8
error probability) =0.80 was calculated as totally 76
patients (G-Power v3.1.9.7) (5). Data were analyzed
using the statistical package program IBM SPSS
Statistics Standard Concurrent User V 29 (IBM Corp.,
Armonk, New York, USA). Descriptive statistics were
given as number of units (n), percentage (%), mean
+ standard deviation, median, minimum, maximum,
and inter-cartillary distance values. The normal
distribution of the numerical variables was evaluated
by the Shapiro Wilk normality test. The homogeneity
of variances was evaluated by Levene’s test. Age,
gender, and side variables were compared by one-
way analysis of variance and Pearson chi-square
analysis. Pre-treatment and treatment numerical
variables were compared by groups with repeated
measures of two-way analysis of variance if the
assumptions were met. Bonferroni correction was
appliedin all pairwise comparisons. If the assumptions
were not met, intergroup comparisons for numerical
variables were made by Kruskal-Wallis analysis, and
intragroup comparisons were made by Wilcoxon
test. The dunn-Bonferroni correction was applied for
pairwise comparisons in the Kruskal-Wallis analysis.
p<0.05 was considered statistically significant

Results

A total of 78 LE patients were included in the
study. Groups are similar in terms of age, sex, and
hand dominancy as seen in Table I. No side effects
were observed in patients during treatment. In all
treatment groups, ESWT, US, and iontophoresis
there was a significant decrease in NRS (p<0.007)
and Quick DASH values (p<0.007) between pre-
treatment and after treatment one-month follow-

up controls. A significant increase was found in
the hand grip strength in both elbows 90 degrees
flexed (0<0.001, p=0.013, p<0.001, respectively) and
fully extended (p=0.007), and all NHP subgroups at
one-month follow-up compared to pre-treatment in
all groups. A significant increase was found in two-
point and three-point pinch values before and after
one-month follow-up in ESWT and iontophoresis
groups but not in the US group (Table II).

Table 1. Demographic and Clinical Characteristics of the
Treatment Groups

ESWT Ultrasound | lontophoresis
n=26 n=26 n=26 p
44.6+7.8 44.9+7.9 47.6+5.9 ©

Age, (vear) 27-59 26-63 37-60 0.295
Sex, n (%)
Male 13 (50.0) | 12 (46.2) 15 (57.7) 0.698°
Female 13 (50.0) 14 (53.8) 1 (42.3)
Elbow pain
duration 4 (1-9) 5(-9) 6 (3-8) 0.067'
(months)
Affected
side, n (%)
Left 1 (42.3) 13 (50.0) 9 (34.6) 0.532°¢
Right 15 (57.7) 13 (50.0) 17 (65.4)
Hand
Dominancy
Right 24 (92.3) | 24 (92.3) 25(96.2) 0.635°
Left 2(7.7) 2(7.7) 1(3.8)

n: Number of patients, %.: Percentage of columns, age summarized as
mean+standard deviation (min-max), pain duration summarized as median
(min-max). ®: One-way analysis of variance, 1. Kruskal-Wallis analysis, ®:
Pearson chi-square analysis

When the groups were compared with each other,
the decrease in NRS levels and Quick DASH values
at one-month follow-up was significantly higher
in the iontophoresis group than in the ESWT and
US group (p<0.001, p<0.007), The decrease in NRS
values levels and Quick DASH values in ESWT and
US groups was not statistically different (p=0.999,
p=0.719, respectively).

The changes in Hgs flex values before and after
treatment were statistically different between the
groups (p<0.007). The increase in Hgs flex values
in the iontophoresis group was statistically higher
thanin the ESWT and US groups (0=0.007; p=0.038).
The increase in Hgs flex values was not statistically
different in the ESWT and US groups (p=0.607).
The changes in Hgs ext values before and after
treatment were statistically different between the
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Table Il. Comparison of Variables According to Groups

HM]J

ESWT ULTRASOUND IONTOPHORESIS Intergroup Comparisons
Pretreatment | Aftertreatment | Difference p Pretreatment | Aftertreatment | Difference P Pretreatment | Aftertreatment| Difference p el p? P’
NRS 400225) | 20000y | 299 | <0001 | s00@2s) | s00@ooy | 220 | 0oor | s00@o0y | 10025y 400 | c0.00r | 0120 | <0.001 | <0.007
00 Q2. 00 (3. G5y . 00 (2. .00 (2. Gooy | .00 (2. 00l @25y . . . .
SX'SCHK 50.5+13.0 38.4+121 | 1214134 |<0.007| 556282 40912 | 146214 |<0.007| 544248 407:92 | 135:89 |<0.00r:| 0131 | 0657 | 0719
HSGFLEX | 2250102) | 2405 |-1.0@0y| 0.00r | 240.0) 25067 |-206G2¢| 0.013 | 23072 275(6.0) | -354.0y | <0.00r | 0.965 | 0158 | o0.00¢
HGSEXT | 16065 | 1706.0¢ |-1.00227 | <0.007 | 16.04.0) 21580 |-55 0y | <0.00r| 16002 24050y | -6545) | <0.001 | 0383 | <0.007 | <0.00F
Two -0.50 0.00 050
POINTS | 4.00 225 | 450225 : 0.007" | 400225) | 40025 : 0083 | 400025 | 450(200) : 0.024 | 0617 | 0979 | 0210
PINGH (1.00) (0.00) (1.00)
THREE -1.00 0.00
POINTS 3.00(100) | 4.00(1.00) b 0.002" | 4.00(200) | 4.00(0.25) . 0132 | 3000.00) | 400025 [-1.000.00)]| 0003 | 0165 | 054 | 0198
PINGH (1.00) (0.25)
NHP
) } 10.20 . 10.60 ) } ] .
Pain 4030 (500) [ 3080 (150) 1015 10.2)| <0.007" | 40.50 (5.28) [ 3080(143) | 0 | <0.007 [ 4165 (320) | 3085065 | o0 | <0.007 0357 [ 0ger | 0.592
Physical | 56 60 5.30) | 1250 400y | 229 | <0.007 | 26.35 5.80) | 12.60 2.55) |1315 418 | <0.007 | 2620 473) | 1215 1.88) 1380 | 0007 | 0633 | 0725 | 0.795
activity B0 =0 (4 (5.85) - 220 00 > - 205 4> (3.80) - : : :
22.75 } 2175 } 22.70 . . ]
Sleep 3850 (1.73) | 15.45 (3.65) <0.001" | 38.95(2.48) | 16.85 (4.20) <0.007" | 38.60 (3.20) | 15.60 (3.28) <0.001 | 0412 | 0085 | 0855
(415) (5.85) (5.28)
rEerggtti';’:Sa' 42.2.(150) 2313.9r [18.5 (41| <0.007 | 422 21.7) 13.825)> |271228y| <0.001| 42004.4) | 135029> |285051y| <0.007 | 0.928 | <0.007 | 0.009'
Energy 575(16.6) | 42299 [14.0070y| <0.00r | 58571 419(89) |19.8m2y|<0.001| 61296 40772 |215008y | <0.001 | 0.082 | 0797 | 0.006
;Ss‘gfgi'on 24.0(13) 179337 | 6135y | <0.001 | 23620 137023 | 9932y |<0.00r| 24003 ma9x | 12327 | <0.00r | 0402 | <0.007 | <0.007
Total 21.39(36.5) | 186.420187) | 38.7(9.2) | <0.007" | 206.42(32.7) | 163.2105.4) | 41.30135) | <0.007 | 213.21416) | 1511162) | 472041) | <0.007 | 0120 | <0.007 | <0.007

Data are presented as meanzstandard deviation for normally distributed variables and median (interquartile range) for non-normally distributed variables.
PT: Pre-treatment, TS: Post-treatment, Difference=Pre-treatment-Post-treatment, p*: Pre-.treatment and post-treatment comparisons in each group, pl:
Comparison between groups before treatment, p2: Comparison between groups after treatment, p3: Comparison of differences between groups before and
after treatment, : Wilcoxon test, : Kruskal-Wallis Analysis, ¥: Two-way analysis of variance in repeated measures, superscripts a, b and c indicate differences
between groups after treatment. x, y and z superscripts indicate the difference in the amount of change between the groups before and after treatment.
There is no statistical difference between groups with the same superscripts.

groups (p<0.001). The increase in Hgs ext values
in the iontophoresis and US group was statistically
higher than in the ESWT group (p<0.001; p<0.001).
The increase in Hgs flex values was similar in the
iontophoresis and US groups (p=0.908) (Table II).
Two points and three points pinch parameters did
not show a significant difference before and after
treatment in all three groups (two points pinch
p=0.617, p=0.979, p=0210), (three points pinch
p=0,165; p=0,514; p=0,198).

There was no statistically significant difference
between the groups before treatment in terms of
quality of life. When the groups were compared
within themselves at 1 month after treatment, a
significant decrease was found in all treatment groups
at all NHP subgroups compared to pretreatment
(p<0.001) (Table 2). The efficacy of iontophoresis
treatment on NHP total was significantly higher
than US and ESWT groups (p<0.001; p<0.001) and

US was higher than ESWT (p<0,007). The efficacy
of iontophoresis treatment on NHP subgroup social
isolation was significantly higher than US and ESWT
groups (p<0,001; p=0,022) and US was higher than
ESWT (p<0,001). Changes in the NHP subgroup’s
emotional reaction before and after treatment were
statistically different between the groups (p=0.009).
Changes in NHP emotional reaction in the US and
iontophoresis groups were statistically higher than
in the ESWT group (p=0.027; p=0.009). The US
and iontophoresis groups were statistically similar
(p=0.999). Changes in NHP subgroup energy before
and after treatment were statistically different between
the groups (p=0.006). The US and iontophoresis
groups were statistically higher than the ESWT group
(p=0.021; p=0.007). US and iontophoresis groups
were statistically similar (p=0.999) (Table II).
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Discussion

In this study, we evaluated the effects of ESWT, US,
and iontophoresis treatments on pain, grip strength,
upper extremity functionality, and quality of life of
patients with lateral epicondylitis. All treatment
modalities were effective in pain, disability and grip
strength, and quality of life before and 1 month after
treatment. lontophoresis was superior to ESWT and
US in terms of pain and quality of life. US was superior
to ESWT in terms of quality of life. To the best of
our knowledge, this is the first study to compare the
three different treatment modalities ESWT, US, and
lontophoresis in lateral epicondylitis.

After repetitive movements, elbow pain isa common
consequence in the general population (19). The
condition tends to affect men and women equally
(20). Our study included 38 male patients and 40
female patients. It is more common in individuals
over 40 years of age (21). In our study, the average
age was 47.96+6.78, consistent with the literature. In
a study by Ulusoy et al on 304 patients with elbow
pain, they found that the right side was affected in
262 patients and the left side in 42 patients (22).
They also demonstrated that the dominant side was
affected in 252 of these patients. Another study
similarly indicated a higher prevalence of involvement
on the dominant side in patients diagnosed with
lateral epicondylitis (23). In our study, 93.5% of the
patients had right-handed dominancy, and 57.6%
of them had right elbow involvement.

Exercise is one of the most common treatment
options for patients with LE (24). In a previous study,
electrotherapeutic modalities with exercise were
more effective than electrotherapy alone, therefore
we applied an exercise program to all patient groups
(25). The exercises were performed under the
supervision of a physiotherapist for ten days. By
the way, we ensured that patients performed the
exercises correctly and adequately. In our study
handgrip strength is improved in all treatment groups;
however, we did not investigate the efficiency of the
exercise program because there is no control group.

Lateral epicondylitis, resulting from overuse of
the tendons, is a painful condition associated with
tendinopathy, inflammation, pain, and changes
in sensitivity in the lateral elbow. Pain leads to a
decrease in grip strength, an impairment of upper

extremity function, and a reduction in daily life
activities. Lateral epicondylitis is common in the
general population; however, there is uncertainty
in this area; as numerous randomized controlled
trials have not provided conclusive evidence for the
nonsurgical treatment modalities. The efficacy of
dexamethasone iontophoresis in LE was investigated
in previous studies (26-29). In a study comparing
dexamethasone iontophoresis and galvanic currentin
24 patients with LE, they found that the iontophoresis
group had a more significant reduction in pain levels
and improved strength and functionality compared
to the galvanic current group. [26] Another study
with dexamethasone iontophoresis (n=43) showed
a significant reduction in pain levels compared to
placebo (n=42) and was effective in improving function
(27). Akhondali et al compared iontophoresis and
Cyriax technique in 22 patients with LE, groups were
similarly improved in terms of pain, grip strength, and
patient daily activities (28). In a study comparing the
effectiveness of iontophoresis and phonophoresis, it
was found that iontophoresis was more effective on
pain, upper extremity functions, and grip strength
(29). lontophoresis has also been studied in other
patient groups. In a study conducted on patients with
subacromial impingement syndrome, iontophoresis
was found to be more effective in clinical and functional
recovery, and also in pain parameters compared to
the control group, in another study conducted on
patients with knee osteoarthritis, iontophoresis, and
galvanic current were found to be more effective in
reducing pain than the classical physical therapy
program and also iontophoresis was found to be
more successful than galvanic current in reducing
pain and cyst volume (30,31). This may be the result
of the anti-inflammatory effect of dexamethasone.

There is no clear consensus in the literature on
the superiority of ESWT and US therapy in LE. In
the study by Dedes et al ESWT has been shown to
be more effective than US therapy in relieving pain,
improving function, and increasing activity in LE (32).
Similar results were reported by Kubot et al (33). A
meta-analysis suggested that ESWT is superior to
US in the treatment of LE (34). However, Yalvac et
al found that while ESWT and US were effective for
improving quality of life, upper extremity functioning,
grip strength, and reducing pain ESWT was not
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superior to US (5). In a previous study, ESWT was
combined with topical corticosteroids, there was no
significant difference with topical steroids, but pain
and hand grip strength improved in both groups
(35). In our study, the application of steroids with
galvanic current is superior to ESWT.

Inthe literature, we did not find any study comparing
the effectiveness of iontophoresis, ESWT, and
US in lateral epicondylitis. In our study, all three
treatment modalities were effective in pain and
upper extremity functioning, and quality of life
compared to pretreatment levels at 1 month follow-
up. However, the iontophoresis group showed a
significant improvement in pain, upper extremity
functioning, and quality of life compared to the
ESWT and US groups. When comparing the US
and ESWT groups, the improvement in quality of
life was higher in the US group.

The limitations of our study include the lack of
long-term follow-up, and patients evaluated shortly
after the end of the treatment program. The same
physical therapy program was applied to all patients
and we did not evaluate the effects of physical
therapy. Patients were not blinded to the treatment.

The strengths include being conducted at a single
center, diagnosis, and treatment initiation by the
same physiatrist, and being the only study comparing
all three treatment groups. lontophoresis, US, and
ESWT applications have been found to improve
pain, function, grip strength, and quality of life in
patients with LE. Among these three applications,
dexamethasone iontophoresis was superior to the
US and ESWT. We believe that studies with a placebo
group, involving longer follow-up would be beneficial
to examining the effectiveness of treatments.

In conclusion, dexamethasone iontophoresis is
more effective in functional and clinical improvement
in the treatment of patients with lateral epicondylitis
compared to US and ESWT.

HM]J
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Long Term Respiratory Follow up Findings of COVID-19 Cases

ABSTRACT

Objective: The aim of this study was to determine the long-term clinical, laboratory and radiologic findings,
long-term follow-up findings after acute infection and complications in patients who recovered from COVID-19
infection, especially in patients with insufficient data on long-term effects.

Material and Method: Patients who were admitted to the pulmonology outpatient clinic of our hospital and
recovered from COVID-19 infection were included in the study. Demographic data, peripheral oxygen saturation,
mMRC score, 6-minute walk test data, ongoing symptoms, laboratory data, radiologic findings and complications
during follow-up were recorded. Patients admitted up to the first 4 weeks from the time of diagnosis were grouped
as visit 1, patients admitted between 4 and 12 weeks were grouped as visit 2, and patients admitted after 12 weeks
were grouped as visit 3.

Results: A total of 520 patients were evaluated, including 190 patients at the first visit interval, 203 patients
at the second visit interval and 127 patients at the third visit interval, including duplicate patients. 54% of the
participants were female, 46% were male and the mean age was 54 years. Patients had at least one ongoing
symptom in 96.3%, 90.6% and 89.8% of the visits, respectively. The most common symptoms were exertional
dyspnea, fatigue and cough. The most common pathologic radiographic findings were ground glass opacities
in the early period and linear/reticular opacities in the late period. The rates of complications during follow-up
were 4.7%, 23.2%, 24.4% according to the visit intervals, respectively and the most common complication was
pulmonary fibrosis.

Conclusion: COVID-19 patients; while struggling with the problems associated with the acute disease in the early
period, they also have to struggle with persistent symptoms and newly developing complications in the long
term. In this context, we think that our study will form a basis for the data of our country and contribute to the
literature.

Keywords: COVID-19, long-COVID, post-COVID.

OZET

Amagc: Bu calismayla 6zellikle uzun dénem etkileri hakkinda yeterli veri olmayan COVID-19 enfeksiyonunu gecirip
iyilesen hastalarin; uzun dénem klinik, laboratuvar ve radyolojik bulgularinin, akut enfeksiyon sonrasi uzun vadeli
takip bulgularinin ve komplikasyonlarin ortaya konmasi amaclanmistir.

Gere¢ ve Yontem: Calismaya hastanemiz gdégus hastaliklari poliklinigine basvuran, COVID-19 enfeksiyonu gecirip
iyilesen hastalar dahil edildi. Hastalarin demografik verileri, periferik oksijen satlirasyonu, mMRC skoru, 6 dakika
ylUrime testi verileri, devam eden semptomlari, laboratuvar verileri, radyolojik bulgulari ve takipte gelisen
komplikasyonlar kaydedildi. Tani anindan itibaren ilk 4 haftaya kadar olan slirede basvuran hastalar 1. vizit, 4 ila 12.
hafta arasinda basvuran hastalar 2. vizit, 12. haftadan sonra basvuran hastalar 3. vizit araligi olarak gruplandirildi.
Bulgular: ilk vizit araliginda 190, 2. vizit araliginda 203 ve 3. vizit araliginda 127 olmak Uzere mukerrer hastalarla
birlikte toplam 520 hasta degerlendirildi. Katilimcilarin %54’0 kadin, %46’s1 erkek ve ortalama yas 54’t0. Hastalarin,
vizit araliklarina gére sirasiyla %96,3, %90,6, %89,8 oraninda devam eden en az bir semptomu mevcuttu. En
sik izlenen semptomlar; efor dispnesi, halsizlik, 6kstrik seklinde siralandi. En sik patolojik grafi bulgusu erken
doénemlerde buzlu cam opasiteleri iken gec dénemde cizgisel/retikuler opasiteler olarak goruldi. Takipte
komplikasyon izlenme oranlari vizit araliklarina gore sirasiyla %4,7, %23,2, %24,4 olarak izlendi ve en sik izlenen
komplikasyonun akciger fibrozisi oldugu géralda.

Sonug¢: COVID-19 hastalari; erken dénemde akut hastalikla iliskili sorunlarla micadele ederken, uzun dénemde de
sebat eden semptomlar ve yeni gelisen komplikasyonlarla miicadele etmek zorunda kalmaktadir. Bu baglamda,
calismamizin Ulkemiz verilerine dayanak olusturacagini ve literatlre katki saglayacagini disinmekteyiz.
Anahtar So6zciikler: COVID-19, long-COVID, post-COVID.




Introduction

At the end of 2019 in Wuhan city, Hubei province
of China; pneumonia cases of unknown cause began
to be reported. As a result of the examination of
the patients’ lower respiratory tract samples, it was
understood that the causative agent was a new type
of coronavirus and was named 2019 new coronavirus
(2019-nCoV) (1). The World Health Organization
(WHO) defined the disease COVID-19, which stands
for Coronavirus Disease 2019, on February 12, 2020
(2). A pandemic was declared by WHO on March 11,
2020 and as of April 7,2024, 775,293,630 confirmed
cases and 7,044,637 deaths were reported worldwide
(3.

While discussions about the follow-up and
treatment of acute infection continue, long-term
follow-up of patients who have recovered from the
disease and the management of complications are
also an important problem. Although the literature
on the subject is limited, in a comprehensive study
Huang et al. shared data as a result of 1-year follow-
up of 1276 patients who received inpatient treatment
in the hospital with a diagnosis of COVID-19; It was
observed that 68% of the participants continued to
have at least one complaint after 6 months and 49%
after 1year (4). The most common symptoms were
reported respectively as weakness, muscle pain,
sleep disturbance and hair loss and it was found
to be more common in patients requiring oxygen
support and intensive care hospitalization (4). In
addition, although multisystemic complications such
as lung fibrosis, thromboembolic events, diabetes,
hypertension, chronic kidney disease are observed
in patients in the long term, the frequency and risk
factors of these complications have not been fully
elucidated (5).

With this study, patients who have recovered from
COVID-19, especially for whom there is not enough
data about its long-term effects; It is aimed to reveal
long-term clinical, laboratory and radiological findings,
long-term follow-up findings and complications
after acute infection. Again, during the period when
diagnosed with COVID-19, it can be determined
whether long-term symptoms and complications
develop depending on variables such as age, gender,
chronic disease history, severity of the disease and
laboratory findings. We aim to use our findings

as a reference for the development of long-term
follow-up algorithms for COVID-19 patients and
recommendations for patient management in the
acute period to reduce permanent damage.

Material and Method

Study Design

Our study was conducted between February 2021
and September 2021 after obtaining the approval of
the ethics committee. Patients who recovered from
COVID-19 infection and applied to our outpatient clinic
were included in the study prospectively. This study
was obtained from the medical specialty thesis titled
‘Long Term Follow up Findings of Covid-19 Cases
and Determination of Permanent Disability Status’
with ethics committee number 2021/9. Patients over
the age of 18 who were diagnosed with SARS-CoV-2
PCR test or with computed tomography and clinical
findings and gave written consent to participate in
the study were included to this research. Patients
who did not meet the inclusion criteria and did not
give written informed consent were excluded from
the study. When the study was designed, as a result
of the evaluations made with the statistical unit
in terms of sample size, it was concluded that the
number obtained during the study would constitute
the final sample since the study was prospective
and therefore a standard sample size could not
be determined. Demographic data of the patients,
peripheral oxygen saturation, mMRC score, 6-minute
walking test data, ongoing symptoms, laboratory
data, radiological findings (x-ray and computed
tomography), complications during follow-up were
recorded. Patients who applied within the first 4
weeks from the time of diagnosis were grouped as
the 1%t visit, patients who applied between 4 and 12
weeks were grouped as the 2" visit and patients who
applied after 12 weeks were grouped as the 3 visit
interval. At the time of admission to the outpatient
clinic, patients were admitted to the study at the
interval of the visit, taking into account the time
elapsed since the time of diagnosis.

Endpoints of the Study

The primary endpoint of our study was determined
as the presentation of long-term clinical, laboratory
and radiological findings, long-term follow-up findings
after acute infection and complications of patients
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who had COVID-19 disease and recovered.

Statistical Analysis

The analysis of the data obtained in the study was
performed with the SPSS 23.0 package program.
Descriptive statistics were given as arithmetic mean
(Mean/Percentage) for measurement variables,
standard deviation (SD) and number (n) and
percentage (%) for qualitative variables. Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to evaluate
the suitability of the data for normal distribution.
Comparisons of measurement variables between
three independent groups were evaluated with the
Kruskal Wallis test in data that did not meet the
normal distribution condition. Chi-square test was
used to compare qualitative variables in independent
groups. Statistical significance level was accepted
as p<0.05.

Results

A total of 520 patients were included in the study,
including 190 patients at the first visit interval, 203
patients at the second visit interval and 127 patients
at the third visit interval, including duplicates. The
mean admission time from the time of diagnosis
was calculated as 25.4(+9.9) days for the first visit
interval, 71.1(£18.7) days for the second visit interval
and 171(£59.3) days for the third visit interval.
The comparison of the demographic data of the
patients by groups is given in Table I. No statistically
significant difference was observed in the demographic
distribution between the groups except for age.

Figure I. mMRC Distribution According to Visit Intervals
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mMRC: Modified Medical Research Council

At least 1symptom was still present in 181(96.3%)
patients who applied to our outpatient clinic at

the first visit interval, 184 (90.6%) patients at the
second visit interval and 114 (89.8%) patients at the
third visit interval. The most frequently described
symptoms were exertional dyspnea, fatigue and
cough, respectively. The detailed distribution of the
frequency of symptoms by visit intervals is givenin
Table ll. At the visits, the patients’ Modified medical
Research Council Respiratory Scale (mMRC) scores
were also evaluated. The mMRC score was classified
as 1and below, 2 and above (Figure ).

Table I. Demographic Data

1 visit 2 visit 3 visit Total P
Age (Year) 524 (£13.4) | 54 (#12.9) | 56.3(x14.6) | 54(+13.6) | 0.017
E:;:Tg 105 (55.3%) | 108 (53.2%) | 68(53.5%) | 281(54%) | (o
Male 85(44.7%) | 95(46.8%) | 59 (46.5%) | 239 (46%) |
Comorbidities 226
Hypertension 83(43.7%) | 87(42.9%) | 56 (441%) 43.5%)
Diabetes Mellitus 34 (17.9%) 44@17%) | 16026%) | g 7 1‘;)
Asthma 29053%) | 39092%) | 16126%) | g\ '2;)
Thyroid dysfunction | 26 (13.7%) 25(123%) | 12(94%) | o (12'w°)
Coronary artery 18 (9.5%) 23 (1.3%) 19 (15.0%) 60 (11 5;)
disease 11 (5.8%) 9 (4.4%) 5 (3.9%) 254 '8;>
Heart failure 5(2.6%) 12 (5.9%) 7 (5.5%) 2 (4'6;)
Arrhythmia 4.(21%) 11 (5.4%) 7 (5.5%) 20 4'2;)
COPD e
BMI (kg/m?) 264
<30 96 (56.5%) | 104 (56.8%) | 64 (571%) s68%) | 0994
>30 74(435%) | 79(432%) | 48(429%) | 501 43.0%)
Marital status 463
Married 164 (87.2%) | 182(901%) | M7(929%) | g970s | (267
. " ) ; 7% .
Single 24 (12.8%) 20 (9.9%) 9 (71%) 53 (10.3%)
Smoking status
Never used 109 (57.4%) | 129 (63.5%) | 73(57.5%) | 311(59.8%)
Active smoker 18 (9.5%) 16 (7.9%) 12(9.4%) | 46(88%) | o 0,
Quit smoking 51(26.8%) 53(261%) | 38(29.9%) |14227.3%) |
Passive exposure 12 (6.3%) 5(2.5%) 4 (31%) 21 (4%)
Vocation
Not working 131(68.9%) | 139 (68.5%) | 100 (78.7%) | 370 (71.2%)
Working 59 (311%) 64 (31.5%) | 27 (21.3%) |150(28.8%)| 0.94
Health worker 22 (1.6%) 9 (4.4%) 13(102%) | 44 (8.5%)
Form of
diagnosis 171905% | 195 61% | nagoswy | A&
PCR test 18 (9.5%) 8Gz9% | 1302w | 925% | 0182
CT and clinical =7 = P 39 (7.5%)
Previous vaccination
Annual flu
vaccination 23 (12.6%) 25 (12.3%) 9 (71%) 57 (11.1%) 0.250
Pneumococcal 29 (15.8%) | 42(20.7%) | 25019.7%) | 96 (18.7%) | 0.452
vaccine
Immunosuppression 14 (7.4%) 12 (5.9%) 5(3.9%) 31(6%) 0.449

COPD: Chronic Obstructive Pulmonary Disease, BMI: Body Mass Index,
PCR: Polymerase Chain Reaction,

CT: Computed Tomography

Within the scope of our study, fingertip oxygen
saturations (Sp02) of the patients who applied to
our outpatient clinic were measured and grouped
by taking a 93% cut-off limit. Accordingly, patients
were divided into 94% and above, and 93% and
below. 11 (5.9%) of the 185 patients who underwent
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SpO, evaluation during the first visitwere 93% and
below and 174 patients (94.1%) were 94% and above
in saturation. In the second visit interval, the number
of patients with 93% and below were 24 (12%), 94%
and above were 176 (88%); in the third visit interval
they were 8 (6.3%) and 119 (93.7%), respectively
(p=0.062).

Table Il. Ongoing Symptoms

T visit 2" visit 3 visit Total
Symptom
Exertional dyspnea | 99 (52.4%) | 131(64.5%) | 76 (59.8%) | 306 (59.0%)
Fatigue | 104 (55.0%) | 92 (45.3%) | 43 (33.9%) | 239 (46.1%)
Cough | 87 (46.0%) | 74 (36.5%) | 39 (30.7%) | 200 (38.5%)
Chest-back pain| 67 (35.4%) | 61(30.0%) | 38 (29.9%) | 166 (32.0%)
Muscle-joint Pain | 31(16.4%) 31(15.3%) 6 (4.7%) 68 (13.1%)
Sleep Disturbance | 27 (14.3%) | 27 (13.3%) | 13(10.2%) 67 (12.9%)
Memory Problems 1 (5.8%) 19 (9.4%) | 28(22.0%) | 58 (11.2%)
Loss of Taste and Smell | 24 (12.7%) 13(6.4%) | 12(9.4%) 49 (9.4%)
Dyspnea (atrest) | 19 (10.1%) 20 (%9.9) 8 (%6.3) 47 (%9.1)
Sputum | 15 (7.9%) 17 (8.4%) 10 (7.9%) 42 (81%)
Nausea and Vomiting | 14 (7.4%) 6 (3.0%) 3(2.4%) 23 (4.4%)
Loss of Appetite | 12 (6.3%) 7 (3.4%) 2 (1.6%) 21(4.0%)
Excessive Sweating 13 (6.8%) 5(2.5%) 4 (31%) 22 (4.2%)
Headache 1 (5.8%) 7 (3.4%) 1(0.8%) 19 (3.7%)
Vertigo 6 (3.2%) 6 (3.0%) 2 (1.6%) 14 (2.7%)
Hair loss 3(1.6%) 4(2.0%) 6 (4.7%) 13 (2.5%)

Six-minute walking test (6-MWT) was performed
on selected patient groups who applied to our
outpatient clinic. Start and end saturations (%)
and total walking distances (m) were measured.
Total walking distances were 397m (£83.2) at visit
1,363m (£95.5) at visit 2, and 404m (71.5) at visit
3 and a statistically significant difference was found
(p=0.03) (Table llI).

Another data evaluated in the patients was
whether there was weight loss. Weight loss was
observed in 76 (51.1%) patients during the first visit,
115 (71.4%) patients during the second visit and 59
(60.2%) patients during the third visit (p=0.028).
The average weight loss amount was calculated as
3.2kg (£3.6), 7.5kg (+ 5.0), 8.6kg (¥6.4), respectively,
according to the visit intervals (p=0.00).

The time to return to normal life, which questioned
the time to do daily work or return to the active
profession, was 14 days (x7.5), 20.7 days (x15.2),
26.9 days (£26.3), respectively (p<0.05). At the
time of the evaluation, 24 (12.6%) patients stated
that they could not return to normal life in the first
visit interval when the patients were evaluated on
the 25.4th day on average, 24 (11.8%) patients in
the second visit interval when they were evaluated
onthe 71.1th day and 13 (11.2%) patients in the third

visit interval when they were evaluated on the 171
st day.

Table Ill. Six-Minute Walk Test Data

Start SpO, (%) | End SpO, (%) Distance (m)
1 Visit
93% and below 4 (7.5%) 9 (17%)
397 (+83.2)
94% and above | 49 (92.5%) 44 (83%)
2" Visit
93% and below 3(51%) 14 (23.7%)
363 (£95.5)
94% and above | 56 (94.9%) 45 (76,3%)
31 Visit
93% and below 4(6.3%) N 17.2%)
404 (£71.5)
94% and above 60 (93.7%) 53 (82.8%)
Total
93% and below 1(6.2%) 34 (19.3%)
388 (+85.1)
94% and above 165 (93.8%) 142 (80.7%)
P 0.551 0.557 0.03

Intergroup comparisons were made by evaluating
the biochemical and radiological findings of
the patients at three visit intervals. Among the
biochemical parameters, the differences between
mean Lymphocyte, Neutrophil, CRP, Procalcitonin,
Ferritin, ALT and Creatine kinase (CK) levels were found
to be statistically significant. The mean lymphocyte
counts according to the groups were calculated as
2215/ul (£1097), 2460/ul (x1072), 2625/l (£1688)
(p=0.07). The distribution of neutrophil counts by
groups were 5443 /ul(+2578), 5177/ul(+4278),4355/
U(x1771) (p=0.00). Intergroup CRP levels were
8.1mg/L (x13.3), 7.9mg/L (x14),and 12.1mg/L (+66.2),
respectively(p=0.018). Procalcitonin levels were
calculated as 0.04ug/L (+0.03), 0.18ug/L (+¥1.03),
0.03ug/L (+0.02) (p=0.044). According to the groups,
ferritin levels were 158.8ug/L (¥178.9), 167.8ug/L
(£261.8), 75.5u9/L(x70.1) (p=0.007). According to
the visit intervals, ALT levels were 36U/L (+28.3),
32U/L (#41.6), 24.5U/L (£21.1) (p=0.00), while CK
levels were 71.7U/L (63.3),80.7U/L (72.0),102.6U/L
(£59.0) (p=0.00) (Table IV).
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Table IV. Laboratory Results by Visit Intervals

Ttvisit | 2 visit | 3 visit | Total | Normal range P
Laboratory
Leucocyte 8439 8199 7133 8223 | 3710-10190 /ul 0.452
Hemoglobin |13.6 13.6 13.9 13.7 12.89-16.73 g/dL | 0.225
Platelets 282 265 259 27 130-400 103/pl 0.258
Neutrophil 5443 5177 4355 5074 |1910-7080 /ul 0.000
Lymphocyte |2215 2460 2625 2410 | 1200-3600 /ul 0.001
CRP 81 7.9 121 9.0 <5mg/L 0.018
Procalcitonin | 0.04 0.18 0.03 0.1 <0.5ug/L 0.044
Glucose 108 n4 101 109 70-100 mg/dL 0.159
Creatinine 0.79 0.79 0.82 0.8 0.67-117 mg/dL 0.237
BUN 16.8 16.3 16.5 16.5 6-20 mg/dL 0.474
ALT 36 32 24.5 317 0-45U/L 0.000
AST 24.5 231 21.6 232 0-35U/L 0.107
GGT 424 55.8 251 42.8 0-55 U/L 0.000
LDH 223 230 205 222 <248 U/L 0.075
CK 7 80.7 102.6 824 20-200 U/L 0.000
D-Dimer 0.7 1.3 0.8 0.9 0-0.55mg/L 0.555
Ferritin 158.8 167.8 75.5 140.8 |23.9-336.2 ug/L | 0.001
TSH 1.8 25 21 2.2 0.34-5.6 Wlu/mL | 0.864
CRP: C-Reactive Protein, BUN: Blood Urea Nitrogen, ALT: Alanine

Aminotransferase, AST:Aspartate Aminotransferase, GGT: Gamma Glutamyl|
Transferase, LDH: Lactate Dehydrogenase, CK: Creatinin Kinase, TSH: Thyroid

Stimulating Hormone

Patients who applied to our outpatient clinic were
evaluated radiologically by chest radiography and
if clinically necessary computed lung tomography
(CT). Pathological x-ray findings were detected in
74 (41.6%) patients at the first visit, pathological
x-ray findings were observed in 65 (35.3%) patients
at the second visit and 26 (21.8%) patients at the
third visit (p=0.02).

Table V. Chest X-Ray Findings

T+ visit 2" visit 3 visit Total p
Pathological Finding 74 (41.6%) |65 (35.3%) |26 (21.8%) [165 (34.3%) |0.02
Ground Glass Opacity |52 (29.2%) |50 (27.2%) |7 (5.9%) [109 (22.7%) |<0.01
Consolidation|13 (7.3%) |8 (4.3%) 1(0.8%) |22 (4.6%) |0.032
Linear/Reticular Opacity|33 (18.5%) |44 (23.9%) |22 (18.5%) |99 (20.6%) |0.364
Atelectasis|21 (11.8%) |18 (9.8%) |13 (10.9%) |52 (10.8%) |0.826
Bronchiectasis|4 (2.2%) 2 (11%) 4(3.4%) |10 (21%) *
Peripheral Localization|54 (30.3%) |55 (29.9%) |23 (19.3%) |132 (27.4%) |0.073
Central Localization|2 (1.1%) 17(9.2%) [1(0.8%) [20 (4.2%) |*
Bilateral Distribution|48 (27.0%) |60 (32.6%) |23 (19.3%) |131(27.2%) |0.04
Multilobar Distribution|26 (14.6%) |31(16.8%) |19 (16.0%) |76 (15.8%) |0.84
Subpleural Distribution|18 (101%) |37 (201%) |12 (101%) |67 (13.9%) [0.009

*: p value could not be given

While the most common pathological x-ray finding
in the first visit interval was ground- glass opacities
(n=52,29.2%), similarly, ground-glass opacities were
the most common in the second visit interval (n=50,
27.2%). The most common pathological radiographic
finding in the third visit interval was linear/reticular
opacities (=22, 18.5%) (Table V).

The distribution of ground-glass opacities, which
is the most common CT finding, according to visit
intervals was 11 (61.1%), 13 (54.2%), and 9 (40.9%).
The distribution of linear-reticular opacities was

o

7 (38.9%),9 (37.5%) and 14 (63.6%) patients. The
distribution of other findings by visit intervals is
detailed in Table VI.

Table VL. Distribution of CT Findings

1 Visit 2" Visit 3" Visit Total
Pathological Finding 16 (88.9%) 17 (70.8%) | 20(90.9%) | 53(82.8%)
Ground Glass Opacity | 11 (611%) 13 (54.2%) 9 (40.9%) 33(51.6%)
Linear/Reticular Op. | 7 (38.9%) 9 (37.5%) 14 (63.6%) | 30 (46.9%)
Atelectasis | 6 (33.3%) 7 (29.2%) 6 (27.3%) 19 (29.7%)
Bronchiectasis | 3 (16.7%) 6 (25.0%) 6 (27.3%) 15 (23.4%)
Interlobular Septal Thickening - 4(16.7%) 7 (31.8%) 1(17.2%)
Crazy Paving Sign - 5(22.7%) 5(7.8%)
Pulmonary Nodule 7 (29.2%) 5(22.7%) 12 (18.8%)
Lymphadenopathy (LAP) - 2(8.3%) 2(91%) 4(6.3%)
Consolidation 1(5.6%) 1(4.2%) - 2 (31%)
Pleural Effusion 1(5.6%) - 1(4.5%) 2 (31%)
Honey Comb - - 2(91%) 2(0.4%)
Peripheral Localization | 11 (611%) 14 (58.3%) 18 (81.8%) 43 (67.2%)
Bilateral Distribution | 10 (55.6%) 14 (58.3%) 17 (77.3%) 41(64.1%)
Multilobar Distribution | 10 (55.6%) 13 (54.2%) 12 (54.5%) 35 (54.7%)
Subpleural Distribution 1(5.6%) 11(45.8%) 8(36.4%) 20 (31.3%)

Different rates of pulmonary and extrapulmonary
complications were observed in the patient groups
included in the study. Complications were observed
in 9 (4.7%) of the participants evaluated in the first
visit interval, 47 (23.2%) in the second visit interval
and 31(24.4%) in the third visit interval (0<0.005).
The most common complication was lung fibrosis
and it was detected in 38 (18.7%) patients in the
second visit interval and 20 (15.7%) patients in the
third visit interval. DM was observed at a rate of
6(3.2%) in the first visit interval, 11 (5.4%) in the
second visit interval and 7 (5.5%) in the last visit
interval. Pulmonary thromboembolism (PTE) and
venous thromboembolism (VTE) were observed in
1 (0.5%) patient at the first visit interval, 4 (2.0%)
patients at the second visit interval and 7 (5.5%)
patients at the third visit interval (Table VII).

Table VII. Disturbution of Complications

1 visit 2" visit 3 visit Total
Complication 9 (4.7%) 47 (23.2%) 31(24.4%) 68 (13.1%)
Pulmonary Fibrosis - 38 (18.7%) 20 (15.7%) 58 (11.2%)
Diabetes Mellitus (DM) 6 (3.2%) 1 (5.4%) 7 (5.5%) 24 (4.6%)
PTE/VTE 1(0.5%) 4 (2%) 7 (5.5%) 12 (2.3%)
Hypertension 2 (11%) 1(0.5%) 2(1.6%) 5 (1.0%)
CRF - - 1(0.8%) 1(0.2%)
Gl Bleeding 1(0.5%) - 1(0.2%)
Avascular Necrosis - - 1(0.8%) 1(0.2%)
Proteinuria 1(0.5%) - 1(0.2%)
Hypothyroidism - 1(0.8%) 1(0.2%)

PTE: Pulmonary Thromboembolism, VTE: Venous Thromboembolism, CRF:
Chronic Renal Failure,

Gl: Gastrointestinal

Discussion
Although the severity of the COVID-19 pandemic,
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which causes significant mortality and morbidity
worldwide, has been greatly reduced, we may still
encounter patients with SARS-CoV-2. Knowing the
long-term effects of this infection on the lungs in
patients who have had the infection and recovered
is important for both pandemic period patients and
follow-up of new cases. For this purpose, in our
study, we tried to define the demographic data,
comorbidities, ongoing symptoms, laboratory and
radiological findings and developing complications
of patients who had acute infection and recovered
and applied to our outpatient clinic.

In the study conducted by Huang et al. with
discharged COVID-19 patients, in which 1733 patients
were evaluated at an average of 6 months after
symptom onset; 68% of the patients stated that
they still had an ongoing symptom and this rate was
even higher in those with severe illness. Ongoing
symptoms were, in order of frequency, fatigue and
muscle pain, sleep disturbance, hair loss and inability
to smell (6).

In another study by Carfi et al., patients were
evaluated at an average of 60.3 days from the onset of
symptoms after discharge and symptom questioning
was performed. In this study, which included a total
of 143 participants, only 12.6% of patients reported
that all symptoms disappeared, 32% reported that
1 or 2 symptoms persisted and 55% reported that
3 or more symptoms persisted. The most common
symptoms were weakness, shortness of breath, joint
pain and chest pain, respectively (7). In a meta-
analysis evaluating long-term COVID symptoms,
the most common symptoms were pain, fatigue,
neurocognitive symptoms, shortness of breath and
palpitations (8).

In our study, 96.3%, 90.6% and 89.8% of the
patients admitted to the outpatient clinic had ongoing
symptoms according to the visit intervals. The most
common symptoms were exertional dyspnea, fatigue,
cough, chest and back pain, fatigue, muscle and
joint pain. The fact that symptoms such as shortness
of breath, exertional dyspnea and fatigue were
observed more frequently in the last visit interval
was thought to be related to the fact that patients
who had a more severe illness in the 3rd visit interval
and whose respiratory complaints still persisted
presented to the outpatient clinic more frequently.

Forgetfulness and memory problems were observed
in 5.8% at the first visit and increased to 9.4% and
22.0% at subsequent visits, respectively. It was also
found that sleep problems, muscle joint pain, taste
and smell complaints were also common. In a review
evaluating the neurological and neurocognitive
outcomes of Long Covid, fatigue, headache, sleep
disturbances, muscle weakness and muscle pain were
the most common symptoms (9). The persistence of
muscle and joint pain, sleep disturbances, forgetfulness
and memory blurring symptoms at approximately 6
months from the time of diagnosis were considered as
components of Post Covid-19 Neurologic Syndrome
(PCNS), on which studies are ongoing (10).

In our study, mean lymphocyte and neutrophil
counts, CRP, procalcitonin, ferritin, ALT and creatine
kinase (CK) levels were found to be statistically
significant according to the visit intervals of patients
admitted to our outpatient clinic. In a systematic
review of 34 relevant studies, it was observed that
serum C-reactive protein (CRP), interleukin-6 (IL-6),
lactate dehydrogenase (LDH), D-dimer levels were
more elevated in critically ill patients (11). In addition,
increased total white blood cell count was observed
as a poor prognostic factor, while a decrease in
the agranulocytic series, including lymphocytes
and monocytes, was associated with poor disease
prognosis. LDH levels were found to be higher in
patients followed up in intensive care unit (11). In a
case-control study by Gameil et al. in which patients’
laboratory findings were evaluated at least 3 months
after PCR negativity, erythrocyte sedimentation rate,
CRP, D-dimer, ALT, AST, GGT and ALP levels were
significantly higher in the case group (12). D-dimer
is a biomarker of fibrinolytic system and coagulation
activation. Ina French review of 71studies, increased
D-dimer levels (3-4 times the upper limit of normal)
were associated with poor prognosis and mortality in
COVID-19 (13). No statistically significant difference
was observed between the mean D-dimer levels
of the patients included in our study. However, the
fact that D-dimer levels were still above the upper
limit of normal at all visit intervals and especially
at the 37 visit interval when the patients were
evaluated at approximately 6 months suggests that
the coagulation and fibrinolytic system has not yet
reached physiologic limits in patients.



The mean CRP levels of the patients evaluated in
our study were found to be higher than the upper
normal limit of 5 mg/L in all visit intervals and it
was observed to be higher especially in the 3rd visit
interval. This was thought to be related to the fact
that patients who applied to our outpatient clinic
in the 3rd visit interval, in which the participants
were evaluated at an average of approximately 6.
months, had more severe illnesses and had higher
hospitalization rates.

In areview comparing 70 studies evaluating ferritin
levels in Covid-19 patients, it was observed that
ferritin levels were higher in severe disease [(95% Cl
306.51-489.02), p <.0071], and significantly higher in
patients who died compared to those who survived
[(95% C1 391.01-963.33), p <.007] (14). In addition, a
systematic review comparing inflammatory markers
of COVID-19 patients with and without Post Covid
syndrome showed no significant difference in ferritin
levels between the two groups (15). In our study,
although mean serum ferritin levels were normal at
all visit intervals, a statistically significant decrease
was observed at later visit intervals, suggesting
that it may be associated with disease severity in
the early period.

In a study in which a total of 384 patients were
evaluated at an average of 8 weeks after discharge,
333 (87%) patients had chest radiographs and 85%
had pathologic radiographic findings. 56% of the
radiographs were typical for Covid-19 and 29% were
indeterminate (16). In an another study in which
patients were evaluated radiologically at the time
of diagnosis and 3 months later, the most common
radiologic findings in the early period were ground-
glass opacities and consolidation, while reticular
opacities were observed much more frequently at
3months (17). In our study, the rates of pathological
radiography according to the visit intervals were
41.6%, 35.3% and 21.8%, respectively. While ground
glass opacities were dominant in the first visit interval,
it was observed that they were replaced by linear/
reticular opacities and atelectasis in the following
visit intervals.

In a study conducted in China in which long-
term CT findings were also evaluated, HRCT was
performed in 353 patients evaluated at 6 months from
symptom onset and 186 (53%) patients had at least
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one pathologic CT finding (6). In a systematic review
evaluating the radiological findings of Long COVID
patients, the most common tomography finding was
ground-glass opacities, followed by fibrotic/interstitial
abnormalities (18). In our study, a relatively limited
number of CT scans were performed within clinical
necessity. The most common pathologic CT findings
are ground-glass opacities, linear/reticular opacities
and atelectasis. While ground glass opacities are
more common in the early period, linear/reticular
opacities are more common CT findings in the later
period.

Especially in severe COVID-19 patients, respiratory
complications and lung fibrosis are observed due
to diffuse lung involvement, macrophage activation
syndrome, excessive immune response and subsequent
ARDS, advanced age, intensive care follow-up and
mechanical ventilation (19). This suggests that patients
with severe disease and survivors are at risk for
pulmonary fibrosis in the future. In a meta-analysis
of 69 studies from 15 different countries, shortness
of breath, cough, lung dysfunction and pulmonary
fibrosis were the most common complications after
COVID-19 (20). In a study by Stewart et al. in which
patients were evaluated at a mean of 240 days
after discharge, residual lung anomalies were found
in 166 (79.4%) of 209 patients, with ground glass
opacities in 25.5% and reticulation in 15.1% (21). In
the patients we evaluated in our study, respiratory
distress and pulmonary fibrosis were commonly seen.
In the follow-up of the patients, patients who were
still ongoing after the 12 th week and thought to be
associated with lung fibrosis and whose radiological
findings such as linear, reticular opacities, traction
bronchiectasis and honeycomb were observed, were
evaluated as post-COVID lung fibrosis. In this context,
lung fibrosis was considered in 38 (18.7%) patients
in the second visit interval and 20 (15.7%) patients
in the third visit interval. Although it is observed
to be relatively less at the last visit interval, it is
thought that the level of persistence of respiratory
symptoms and fibrosis needs to be evaluated with
longer follow-up.

Stress hyperglycemia, impaired glucose tolerance
and the use of drugs that impair glycemic control,
especially corticosteroids, stand out as facilitating
factors for the development of Diabetes Mellitus (DM)



in COVID-19 patients (22). In our patients we followed
up, DM was observed to develop in 6(3.2%) patients
in the first visit interval, 11 (5.4%) in the second visit
interval and 7 (5.5%) in the last visit interval. It is
thought that DM developed in our patients due to
frequent use of corticosteroids, possibly impaired
fasting glucose, and stress-related factors.

COVID-19 patients are at risk for increased
thromboembolic events, macrovascular and
microvascular thromboses (23). In a meta-analysis, it
was found that venous thromboembolism (VTE) was
approximately 30%, deep vein thrombosis (DVT) was
20% and pulmonary thromboembolism (PTE) was
18% in COVID 19 patients (24). In our study, PTE/VTE
was observedin 0.5%, 2% and 5.5% according to the
visit intervals, while gastrointestinal bleeding was
observed in1(0.5%) patient in the 2" visit interval.
It is thought that seasonal influenza vaccine and
pneumococcal vaccines will provide a milder course
of Covid-19, a shorter length of stay in the intensive
care unit and a decrease in the need for mechanical
ventilation, especially by preventing secondary
respiratory infections, but there is not enough
evidence in this regard (25,26). In our study, a
statistically significant difference was found between
those who were vaccinated with pneumococcal or
annual influenza vaccines and those who were not
vaccinated in terms of service hospitalization rates
in the total population (49.2% vs. 38.8%, p=0.042).
Although no significant difference was observed in
other subgroups in this respect, it was observed that
the hospitalization rates were generally higher in the
vaccinated groups. This was thought to be related to
the fact that the vaccinated population was generally
over 65 years of age and had higher additional
comorbidities and high overall hospitalization rates.
At the beginning of the study, it was planned to
evaluate the patientsincluded in the first visit interval
at other visit intervals with ongoing follow-ups.
However, we had patients who could not come to the
next visits due to reasons such as patients avoiding
coming to the hospital due to the pandemic and
patients whose complaints regressed did not want
to reapply. Our study was conducted as a cross-
sectional study, not a follow-up study.

Since our study was planned prospectively, the risk
of data loss was minimized. However, in the follow-up
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data of patients who were followed up in external
centers and then applied to our outpatient clinic
(despite the use of platforms such as e-nabiz etc.),
sometimes deficiencies were observed, especially
in the data related to the acute disease period.
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Neuroprotective Effects of Dexmedetomidine in Acute Carbon Monoxide Intoxication:
An Experimental Study

ABSTRACT

Objective: It is aimed to evaluate the neuroprotective effects of Dexmedetomidine (DEX), which has antioxidant,
antiapoptotic, anti-inflammatory properties, in acute carbon monoxide toxicity.

Material and Method: 28 Wistar-Albino female rats were randomly divided into four groups as control, Carbon
monoxide (CO) poisoning, CO poisoning + DEX and DEX only. The rats in the study groups were exposed to 3000
ppm CO for 30 minutes. DEX was administered half an hour after the onset of CO exposure. At the end of the
experiment, blood and tissue samples were taken from the sacrificed rats. Bcl-2 Immunopositively cell values in
tissue samples taken from prefrontal and hippocampal areas were scored by examining immune expressions of
Bcl-2 antibodies obtained by immunohistochemical method under light microscope. Malondialdehyde (MDA),
nitric oxide (NO), asymmetric dimethylarginine ADMA levels, superoxide dismutase (SOD), and catalase (CAT)
activity values were measured from blood and right hemisphere brain tissue samples by biochemical methods.
Results: CAT, SOD, MDA, ADMA and NO values were statistically different between the experimental groups
(p<0.007). According to the post-hoc pairwise comparison test results, there was no statistical difference in
any parameter between the DEX group alone and the control group (p>0.05). CAT, SOD and NO, and Bcl-2
immunosuppressive cell levels were decreased in the CO group compared to the control group (0<0.007 in all),
while ADMA and MDA levels increased (p<0.007 in all). CAT, SOD, and NO levels were statistically higher in the
CO + DEX group compared to the CO group (p.0.007; p:0.028; p:0.017, respectively).

Conclusion: DEX administered half an hour after CO poisoning increases antioxidant structures such as CAT, SOD
and NO. Accordingly, DEX may have a neuroprotective effect for carbon monoxide poisoning.

Keywords: Carbon monoxide, dexmedetomidine, neuroprotective effect.

OZET

Amag: Antioksidan, antiapopitotik, antiinflamatuar &zellikleri olan Deksmedetomidin’in  (DEX) akut
karbonmonoksit (CO) toksikasyonunda néroprotektif etkilerinin dederlendirmesi amaclanmistir.

Gere¢ ve Yontem: 28 adet Wistar-Albino disi sican kontrol, CO zehirlenme, CO zehirlenme + DEX ve sadece
DEX olmak Uzere rastgele dort gruba ayrildi. Calisma gruplarindaki sicanlar 3000 ppm konsantrasyonda CO’e 30
dakika boyunca maruz birakildi. DEX CO maruziyetinden yarim saat sonra uygulandi. Deney bitiminde sakrifiye
edilen sicanlardan kan ve doku 6rnekleri alindi. Prefrontal ve hipokampal alanlardan alinan doku 6rneklerinde
Bcl-2 immunopositif hiicre degerleri immunohistokimyasal ydntem ile elde edilen Bcl-2 antikorlarin immune
ekspresyonlarinin stk mikroskobu altinda incelenmesi ile skorlandi. Alinan kan ve sag hemisfer beyin doku
orneklerinden biyokimyasal ydntemlerle malondialdehit (MDA), nitrik oksit (NO), asimetrik dimetilarjinin (ADMA)
dizeyleriile stperoksit diismutaz (SOD) ve katalaz (CAT) aktivite degerleri dlctlda.

Bulgular: Deney gruplari arasinda CAT, SOD, MDA, ADMA ve NO degerleri istatistiksel olarak farkli idi (0<0,0017).
Post-hoc ikiserli karsilastirma test sonuclarina gére yalniz DEX grubu ve kontrol grubu arasinda hicbir parametrede
istatistiksel fark yoktu (0>0,05). CO grubunda CAT, SOD ve NO ve Bcl-2 immunsUpresif hiicre diizeyleri kontrol
grubuna gére azaldi (tamaminda p<0,007) ve ADMA ve MDA duzeyleri artti (tamaminda p<0,007). CO + DEX
grubunda CO grubuna gore CAT, SOD ve NO dizeylerini istatistiksel olarak daha yulksekti (sirasiyla p:0,007;
0:0,028; p:0,017).

Sonug: CO zehirlenmesinden yarim saat sonra uygulanan DEX CAT, SOD ve NO gibi antioksidan yapilari arttirir.
Buna bagli olarak DEX’in CO zehirlenmesi icin ndéroprotektif bir etkisi olabilir.

Anahtar So6zciikler: Deksmedetomidin, karbonmonoksit, ndéroprotektif etki.




Introduction

Carbon monoxide (CO) is a colorless, odorless, and
poisonous gas that occurs as a result of incomplete
combustion of carbon-based fuels and substances.
It is the most common lethal poison worldwide and
frequently leads to neurological sequelae as the
most common morbidity (1,2). CO has an affinity
for hemoglobin (Hb) approximately 250 times that
of oxygen. By reversible binding with the iron in
hemoglobin, CO forms carboxyhemoglobin (COHb),
reducing the capacity of oxygen transport in the
blood and decreasing oxygen delivery to tissues
(3.

The pathophysiological mechanisms of CO toxicity
are classified into hypoxic and cellular theories. CO
induces hypoxia by forming COHb and shifting the
oxygen-hemoglobin dissociation curve to the left.
This leads to hypoxia due to reduced oxygen delivery
to tissues, resulting in decreased tissue perfusion
and adverse effects on various systems such as
cardiac function and neuropsychological function
(4). CO poisoning can cause ischemic and hypoxic
brain damage in survivors by inducing damage to
oxygen distribution and mitochondrial oxidative
phosphorylation (5). Brain damage may arise from
various factors including neurotoxicity, acidity,
electrolyte imbalance, depolarization, oxidative
stress, nitric oxide stress, inflammation, and cellular
death (6).

Dexmedetomidine (DEX) is a selective a2 receptor
agonist routinely used for sedation and anesthetic
applications in clinical practice. Unlike most sedatives,
DEX induces conscious sedation in patients with its
reversible sedative effect, allowing easy arousal (7).
Due to its ability to provide conscious sedation, DEX
iscommonly used in awake craniotomy. Additionally,
it possesses anxiolytic and analgesic potentials (8).
DEX causes less respiratory depression compared to
other sedatives, but there may be an increased risk
of hypotension and bradycardia. Particularly, caution
should be exercised in using this drug in patients
with hepatic impairment due to its involvement in
DEX pharmacokinetics (9). However, DEX exhibits
neuroprotective effects by reducing inflammation,
apoptosis, autophagy, preserving the blood-brain
barrier, reducing brain edema, and maintaining
cellular structure (10).
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The hypothesis of this study is that the administration
of DEX to rats exposed to CO poisoning may exert a
neuroprotective effect. Based on this hypothesis, this
study aimed to evaluate the effects of CO exposure
and DEX administration on the activities of antioxidant
enzymes catalase (CAT) and superoxide dismutase
(SOD), the levels of malondialdehyde (MDA) as
the end product of membrane lipid peroxidation,
asymmetric dimethylarginine (ADMA) levels indicating
endothelial damage, and nitric oxide (NO) levels, as
well as the distribution of B-cell lymphoma gene 2
(Bcl-2), known as anti-apoptotic and antioxidant, in
brain tissue through immunohistochemical analysis.
The study aimed to compare these parameters and
evaluate the neuroprotective effects of DEX in acute
carbon monoxide intoxication.

Material and Method

This study was conducted after obtaining
approval from the Local Ethics Committee for Animal
Experiments of University of Health Sciences Ankara
Training and Research Hospital (Approval No: 2022-
0073). This study was conducted in accordance
with our country’s animal rights regulations and
international animal welfare standards. All animals
used in the study were cared for in accordance with
the highest level of welfare standards before and
during the experiment, and all necessary precautions
were taken to prevent unnecessary pain, suffering
or harm. A total of 28 female Wistar albino rats,
weighing an average of 250 grams, were obtained
from the Experimental Animals Laboratory of
Ankara Education and Research Hospital for use in
this study. The carbon monoxide gas utilized in the
experiment was prepared by HABAS Industrial and
Medical Gases Industry Inc. in Izmit, and it contained
CO at a concentration of 3000 ppm.

Formation of Experimental Groups

The experimental animals were kept under
laboratory conditions and fasted for 12 hours. The
rats were randomly selected using a lottery system
and grouped to apply the procedures outlined below:

Group 1: Control group (n=7); consisting of 7 rats,
placed in the experimental chamber and exposed to
room air for 30 minutes. Euthanasia was performed
at the end of the 30" minute, and blood and tissue
samples were collected.
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Group 2: Dexmedetomidine group (n=7); comprising
7 rats, this group received intraperitoneal DEX (10
Lg/kg/min) 30 minutes before being placed in the
experimental chamber. They were exposed to room
air for 30 minutes. Euthanasia was performed at the
end of the 30" minute, and blood and tissue samples
were collected.

Group 3: CO poisoning group (n=7); consisting
of 7 rats, this group was placed in the experimental
chamber. Rats placed in the experimental chambers
were exposed to CO gas at a concentration of 3000
ppm for 30 minutes at a flow rate of 3 liters/minute,
creating CO poisoning. Euthanasia was performed
at the end of the 30" minute, and blood and tissue
samples were collected.

Group 4: CO poisoning + Dexmedetomidine group
(n=7); comprising 7 rats, this group was placed in
the experimental chamber and exposed to CO gas
at a concentration of 3000 ppm for 30 minutes at a
flow rate of 3 liters/minute, creating CO poisoning.
Afterward, intraperitoneal DEX (10 ug/kg/min)
was administered for 30 minutes. Subsequently,
euthanasia was performed, and blood and tissue
samples were collected.

Immunohistochemical Analysis

In this study, Tissues obtained from the prefrontal
and hippocampal regions were fixed in formalin and
left for at least one day before undergoing paraffin
embedding. Paraffin embedding involved tissue
tracking, followed by sectioning with a microtome to
obtain 5 um thick sections, which were then placed on
slides. These sections were then incubated overnight
at 54°C. After incubation, the sections underwent
two rounds of 20-minute deparaffinization in xylene
to remove paraffin. Subsequently, the sections were
rehydrated by passing through a series of decreasing
alcohol concentrations (100%, 90%, 80%, and 70%).
Following rehydration, the sections were washed
twice with fetal calf serum (PBS) and then subjected
to microwave irradiation in 250 ml freshly prepared
citric acid buffer (pH: 6.0) to expose antigenic
epitopes. After microwave treatment, the sections
were cooled at room temperature for 20 minutes
and then washed three times for five minutes each
with PBS at room temperature.

Next, to saturate endogenous peroxidase activity in
the tissue, the sections were incubated ina 3% H,0O,

solution at room temperature for 20 minutes. The
sections were washed three times for five minutes
each with PBS and then incubated with blocking
solution at room temperature for 7 minutes to block
nonspecific bindings. After removal of the blocking
solution, the samples were incubated overnight at +4°C
in a humid environment with anti-bcl-2 antibodies.
Appropriate isotype control antibodies or sera were
used as negative controls, ensuring they were of
the same concentration as the primary antibodies.
Following incubation with the primary antibodies,
the sections were subjected to three 5-minute
washes and the sections were then incubated with
biotinylated secondary antibodies for 45 minutes
at room temperature.

After the incubation with biotinylated secondary
antibodies, the tissue samples were incubated
with streptavidin-peroxidase complex at room
temperature for 30 minutes. After washing with
PBS, diaminobenzidine solution was added to
visualize the antigen-antibody complexes, and
after washing with water, they were counterstained
with Mayer’s hematoxylin. The samples were then
dehydrated through increasing alcohol series,
clarified in xylene, and cover slipped with mounting
solution. Subsequently, the chromogenic reaction of
the antibodies was examined for immunoexpressing
under a light microscope. Immunoexpressing was
scored semi-quantitatively as O for no expression,
1 for weak expression, 2 for moderate expression,
and 3 for strong expression. Statistical analysis was
performed to evaluate whether there was a difference
between groups using the Mann-Whitney U test.

Collection and Preparation of Blood and Tissue
Samples

The rats were sacrificed, and blood samples were
collected via intracardiac puncture into biochemical
tubes. The biochemical blood samples were centrifuged
at 1500 rpm for 10 minutes to separate the sera, which
were aliquoted.

Brain tissues were removed, washed with saline
solution, and the right hemispheres were weighed.
Then, they were immediately frozen in liquid nitrogen
and stored at -80°C.

At the time of analysis, all tissue samples were
homogenized in 1/6 phosphate buffer (pH: 7.4) using
a blade homogenizer, and then centrifuged at 20,000
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Table I. Comparison of laboratory parameters according to rat groups by ANOVA test

Control Dex co Dex + CO
m @) 3) (4) P Post-hoc P
1-3: <0.001
CAT . 2-3:<0.001
(U/ml) 4.21+0.89 4.47%0.3 1.22+0.50 3.02+0.94 <0.001 2-4: 0,033
3-4: 0.007
1-3: <0.001
SOD . 2-3: <0.001
(U/ml) 1.13+£0.17 1.34+0.35 0.39+0.14 0.85+0.30 <0.001 2-4: 0.018
3-4:0.028
7-3: <0.001
MDA . 1-4: 0.004
(hmol/ml) 1.13+0.25 1.32+0.29 2.48+0.51 2+0.40 <0.001 2-3: <0.001
2-4: 0.030
7-3:<0.001
ADMA . 1-4: 0.002
(umol) 119.7+70.42 129.3%41.85 359.8187.75 299.21+88.09 <0.001 2-3<0.001
2-4: 0.004
1-3: <0.001
NO R 1-4: 0.031
(mol/g) 52.87+8.99 47.05%£9.08 24.10+8.36 39.1+3.83 <0.001 2-3: <0.001
3-4:0.017

*: ANOVA ve Post-hoc Tukey test

rpom for 10 minutes to separate the supernatants.

Biochemical Parameters

Total protein levels in all homogenates and
supernatants were determined spectrophotometrically
using the Bradford method. MDA levels in homogenates
were assessed using the ELISA method. The activity
levels of SOD and CAT in supernatants were determined
using commercial kits, whereas NO and ADMA
levels were determined using the ELISA method. To
normalize enzyme activity values, they were divided
by the protein values in the supernatants.

Statistical Analysis

Statistical analyses were performed using the
SPSS program (Version 22.0, SPSS Inc., Chicago,
IL, USA). Descriptive statistics were presented as
mean * standard deviation. The normal distribution
of groups was assessed using the Shapiro-Wilk
test. Since the data were normally distributed,
statistical comparison of numerical measurements
among independent groups of more than two was
conducted using one-way analysis of variance
(ANOVA). Post-hoc Tukey test was performed for
pairwise comparisons to determine which groups
showed differences after ANOVA. A p-value < 0.05
was considered statistically significant.

Results

According to the results of the ANOVA test, CAT,
SOD, MDA, ADMA, and NO values were statistically
significantly different among the experimental groups

(p<0.007). Post-hoc pairwise comparison test results
revealed that CAT and SOD values in the control and
DEX groups were significantly higher than those in
the CO group. Additionally, CAT and SOD values in
the DEX group were significantly higher than those
in the DEX + CO group. CAT and SOD values in the
CO group were significantly lower than those in the
DEX + CO group (Table I).

Table Il. Comparison of Bcl-2 Immunopositive cells values
according to rat groups by ANOVA test

Control Dex co Dex+ CO
(1) (2) (3) (4)
Bcl-2

immunopositive
cells (U/ml)

*: ANOVA ve Post-hoc Tukey test

P Post-hoc P

1-3: <0.001
1-4: 0.002
2-3: 0.004

31.0746.83 | 25.35+5.81 | 13.42£3.76 | 18.18+3.85 | <0.007*

According to post-hoc pairwise comparison test
results, MDA and ADMA values in the control and
DEX groups were significantly lower than those in
the CO group. Additionally, MDA and ADMA values
in the DEX group were significantly lower than those
in the DEX + CO group. MDA and ADMA values in
the CO group were significantly higher than those
in the DEX + CO group (Table I).

Based on the post-hoc pairwise comparison
test results, it was found that NO values in both the
control and DEX groups were significantly higher
compared to the CO group. Furthermore, NO values
in the control group were notably higher than those
inthe DEX + CO group. Conversely, NO values in the
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CO group were significantly lower than those in the
DEX + CO group (Table I).

Figure 1. Box plot showing the distribution of Bcl-2(U/ml)
immunopositive cells between groups
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According to the results of the ANOVA test, there
were statistically significant differences in the values of
Bcl-2 immunopositively cellsamong the experimental
groups (p<0.007). Post-hoc pairwise comparison
test results showed that Bcl-2 immunopositively
cells values in the control and DEX groups were
significantly higher than those in the CO group.
Additionally, Bcl-2 immunopositively cells values in
the control group were significantly higher than those
in the DEX + CO group (Table II). The distribution of
Bcl-2 immunopositively cells values among groups
is presented in Figure |.

Figure Il. Cells stained strongly positive for anti-bcl-2 in control
group brain section (arrow), bar 100 um

In the immunostaining conducted with the anti-
Bcl-2 antibody in the hippocampus, widespread
expression of Bcl-2 (indicated by arrows) was
observed in the control group. (Figure Il). The DEX +

CO group brain section showed areas with moderate
positive staining of anti-bcl-2 (arrow) and areas with
no staining (arrowhead) (Figure IID).

Figure lll. Area with cells stained moderately positive for
anti-bcl-2 (arrow) and unstained cells (arrowhead) in DEX +
CO group brain section, bar 100 um

Discussion

In this study examining the consequences of
CO poisoning, the neuroprotective effects of DEX
application were assessed. After CO poisoning, CAT,
SOD, and NO levels significantly decreased, while MDA
and ADMA levels significantly increased. However, in
rats treated with DEX after CO poisoning, CAT, SOD,
and NO levels were found to be significantly higher
compared to rats exposed to CO poisoning alone.
Therefore, it is considered that DEX contributes to
the antioxidant response following CO intoxication.
MDA is the end product of arachidonic acid and
larger polyunsaturated fatty acids, decomposed
via enzymatic or non-enzymatic pathways. MDA
shows a good correlation with the degree of lipid
peroxidation (11). According to some studies, MDA
functions both as a regulator and a messenger of
gene expression. Excessive MDA production has
been considered an indicator of oxidative stress
in some research, and it has been associated with
various pathological conditions such as Alzheimer’s
disease, cancer, cardiovascular diseases, diabetes,
liver diseases, and Parkinson’s (12-13). In our study,
plasma MDA levels, indicative of oxidative stress,
significantly increased after CO exposure, while this
increase was not statistically significant with DEX
administration, although it decreased.

2 HM) Il



Antioxidants are specialized defense systems in
the body. For a compound to be a good antioxidant,
it should not be converted into a reactive radical and
should have a specific target. The most important
group of antioxidants is SOD. SOD utilizes free radicals
as substrates and converts superoxide into H,O,.
The SOD enzyme is an enzyme that helps protect
against the harmful effects of oxygen and superoxide
radicals. The distribution of this enzyme should be
investigated together with CAT because the product
formed after the reaction catalyzed by SOD needs to
be removed by CAT to prevent the accumulation of
oxygen, which is one of the toxic species. Therefore,
it is important to examine the distribution of this
enzyme with CAT. CAT is found in peroxisomes and is
effective on H,0,. CAT accelerates the conversion of
H,O, into water and oxygen. SOD and CAT enzymes
are considered among the most active antioxidant
enzymes in living organisms and are found in all
tissues, cells, and intracellular organelles of aerobic
organisms. These enzymes play an important role
in the maintenance of life (14). Some studies have
shown that individuals with low CAT levels are more
susceptible to diseases such as type 2 diabetes and
hypertension and are affected by diseases such as
thickening of arterial walls and tumor formation (15).
In our study, it was observed that the antioxidant
enzymes CAT and SOD decreased significantly after
CO intoxication, and that these enzymes increased
significantly after DEX administration following CO
intoxication.

NO, which has important functions including
vasodilatation and release of inflammatory cytokines
and is synthesized by the endothelium, has complex
functions in various tissues. Among these functions,
it is involved in immunity, nonspecific immunity,
inhibition of viral replication and transplant rejection
(16). In the nervous system, NO is associated with
memory, learning, epilepsy, pain sensitivity and
neurodegeneration. In the respiratory system, it is
involved in bronchodilatation, asthma and ARDS
pathogenesis. In our study, NO levels decreased
statistically significantly in rats with CO intoxication
but increased statistically significantly in rats given
DEX after CO intoxication.

ADMA is an endogenous inhibitor of nitric oxide
synthase (NOS), suppressing its activity. As ADMA
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levels increase, nitric oxide (NO) production decreases.
It has been reported that ADMA-induced endothelial
dysfunction plays a role in atherosclerosis and can be
used as a marker (17). High ADMA levels in patients
are believed to result from endothelial insufficiency.
The mechanism of endothelial dysfunction caused
by ADMA involves reduced vascular NO production
and increased vascular superoxide levels (18). In our
study, while ADMA levels, indicating endothelial
damage, statistically significantly increased in rats
with CO intoxication, this increase was statistically
not significant after DEX application following CO
intoxication.

Bcl-2 is an intracellular membrane protein and is
also described as anti-apoptotic and antioxidant.
The distribution of this protein differs according
to cell type. Bcl-2 is known to have antioxidant
properties by reducing lipid peroxidation and to
provide resistance against H,0,-induced apoptotic
death. One of the most widely accepted is that
Bcl-2 is a substance that acts as an antioxidant and
reduces ROS production (19). Studies conducted to
investigate the expression and amount of bcl-2 in
different regions of the brain and in various organs
and tissues show contradictory results in the natural
aging process. This may be due to differences in the
cell-specific activity of bcl-2 and survival conditions
(20). Kaufmann et al. showed that bcl-2 levels were
increased in the hippocampus and cerebellum of
aged rats and this increase may be related with
the increased age-related oxidative stress level
and antioxidant properties of bcl-2 (21). In our
study, it was observed that Bcl-2 level, which is also
known as anti-apoptotic and antioxidant, decreased
significantly in rats given CO, whereas this decrease
was more limited with DEX administration after CO
intoxication, although not statistically significant.

Although CO intoxication isa common condition,
research is ongoing for its treatment. Zengin et al.
investigated the neuroprotective effects of amantadine
after CO intoxication (22). In their study, they found
a statistically significant decrease in NMDA levels
with amantadine administration after CO intoxication
compared to CO intoxication. Although CAT, SOD,
ADMA, NO and Bcl-2 levels were not statistically
significant, clinically significant results were obtained.
Investigation of oxidant and antioxidant systems,
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determination of the severity of poisoning, prediction
of post-poisoning outcomes and the search for new
markers that can be used as well as the choice of
treatment are also important in toxicology. There is
evidence that acute antioxidant augmentation may
be effective as a new therapeutic strategy to prevent
delayed neurological problems in CO poisoning, that
CO-mediated brain damage is a result of free radical
cascade and that the balance between the antioxidant
system and oxidative stress is in a strong relationship
(23). Several mechanisms have been associated with
the neuroprotective function of dexmedetomidine,
including neurotransmitter regulation, inflammatory
response, oxidative stress, apoptotic pathway,
autophagy, mitochondrial function and other cell
signalling pathways. Therefore, dexmedetomidine
has been reported to have the potential to be a
novel neuroprotective agent for a wide range of
neurological disorders (24). Also Chen L et al; DEX
protects against diabetic hyperglycaemia-induced
cerebral I/R injury through attenuation of oxidative
stress, inflammation and apoptosis (25).

In conclusion; when brain mechanisms are
considered, brain damage caused by many causes
such as hypoxia, free oxygen radicals, inflammation
and cell destruction after CO exposure is very
complex. The decrease in Bcl-2 level after CO
exposure shows that cell destruction increases and
the increase in ADMA, which indicates endothelial
damage, shows that vascular structures are also
impaired after hypoxia. DEX administration has a
limited effect to prevent this process in CO poisoning.
Dexmedetomidine administered half an hour after
CO poisoning increases antioxidant structures such
as CAT, SOD and NO. Accordingly, DEX may have a
neuroprotective effect for CO poisoning.

More comprehensive studies are required to better
understand CO intoxication and its treatment and to
evaluate the neuroprotective effects of DEX and the
relationship between the oxidant and antioxidant
system with CO intoxication and hypoxia. This will
lead to new developments in the treatment of CO
intoxication.
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Diagnostic Comparison of MRI Sequences for Assessing Myometrial Invasion in
Endometrial Cancer: A 1.5T MRI Study

ABSTRACT

Objective: To compare the diagnostic accuracy of T2-weighted, dynamic contrast-enhanced imaging, and
diffusion-weighted imaging in assessing myometrial invasion depth in endometrial cancer and to determine if
any sequence performs better.

Material and Method: In this retrospective study, 98 patients with histopathologically confirmed endometrial
cancer underwent preoperative multiparametric pelvic magnetic resonance imaging scans using a 1.5-T machine
between January 2018 and May 2024. The T2-weighted, dynamic contrast-enhanced, and diffusion-weighted
imaging sequences were independently reviewed by an experienced radiologist blinded to pathology results
to assess myometrial invasion depth (superficial vs. deep). Sensitivity, specificity, accuracy, negative predictive
value, and positive predictive value were calculated. Statistical analyses included ROC curves and McNemar’s
test.

Results: T2-weighted, dynamic contrast-enhanced, and diffusion-weighted imaging showed high diagnostic
accuracy forassessing myometrialinvasion, withareaunder the curve valuesof 0.967,0.954,and 0.916, respectively.
T2-weighted images achieved the highest sensitivity (1.0) and specificity (0.934). While diffusion-weighted
images and dynamic contrast-enhanced images demonstrated slightly lower accuracy compared to T2-weighted
images, the differences were not statistically significant (0>0.05). However, both diffusion-weighted images and
dynamic contrast-enhanced images had higher misclassification rates in cases with fibroids, adenomyosis, or
indistinct junctional zones.

Conclusion: All three magnetic resonance sequences demonstrated high diagnostic accuracy for evaluating
myometrial invasion in EC. Although T2-weighted images had slightly better diagnostic accuracy due to its
superior anatomical detail, the differences were not statistically significant. In cases with confounding factors,
combining T2-weighted, dynamic contrast-enhanced, and diffusion-weighted imaging improves diagnostic
reliability.

Keywords: Endometrial cancer, MRI, myometrial invasion.

OZET

Amag: T2 adirhkl, dinamik kontrasth goérintileme ve difizyon agirlikh gérintileme tekniklerinin endometrial
kanserde miyometrial invazyon derinligini dederlendirmedeki tanisal dogrulugunu karsilastirmak ve herhangi bir
dizinin daha iyi performans gosterip goéstermedigini belirlemektir.

Gere¢ ve Yontem: Bu retrospektif calismada, Ocak 2018 ile Mayis 2024 tarihleri arasinda histopatolojik olarak
dogrulanmis endometrium kanseri tanisi konulan 98 hastaya preoperatif multiparametrik pelvik manyetik
rezonans gorintilemeleri yapildi. T2 Adirlikli, dinamik kontrasth ve difizyon agirlikl gérintileme dizileri, patoloji
sonuclarindan habersiz deneyimli bir radyolog tarafindan badimsiz olarak incelenerek miyometrial invazyon
derinligi (ytzeyel veya derin) degerlendirildi. Duyarllk, 6zgtllik, dogdruluk, negatif prediktif deder ve pozitif
prediktif deger hesaplandi. istatistiksel analizler ROC egrileri ve McNemar testi ile yapildi.

Bulgular: T2 Adirlikli, dinamik kontrastli ve difizyon agirlikli gorintileme dizileri, miyometrial invazyonun
degerlendirilmesinde yUksek tanisal dogruluk gosterdi; edri altindaki alan degerleri sirasiyla 0,967, 0,954 ve
0,916 olarak bulundu. T2 Agirlikli seri, en yiksek duyarlilik (1,0) ve 6zgUllik (0,934) degerlerine ulasti. Diflzyon
agirlikli gérintileme ve dinamik kontrasth gérinttleme, T2 Agdirlikli seriye kiyasla daha distk dogruluk gdsterdi,
ancak aradaki fark istatistiksel olarak anlamli degildi (p>0,05). Bununla birlikte, Diflzyon agirlikli gérintileme ve
dinamik kontrasth gérintilemede, fibroid, adenomyozis veya belirsiz junctional zone gibi karisikliga neden olan
faktorler daha fazla yanhs siniflandirmaya yol acmistir.

Sonug: U¢c manyetik rezonans dizisi de endometrium kanserinde miyometrial invazyonun degerlendirilmesinde
ylksek tanisal dogruluk gdstermistir. Daha fazla anatomik detay sunan T2 Agdirlikl serinin, daha ylksek tanisal
dogruluk sagladigi gdzlemlenmis; ancak diger sekanslarla istatistiksel olarak anlamli fark saptanmamistir.
Karisikliga neden olan durumlarda, T2 Agirlikli serinin difizyon agirhikh gérintileme ve dinamik kontrasth
gorantileme ile birlikte degerlendirilmesi tanisal dogrulugu artirmak icin énerilmektedir.

Anahtar So6zciikler: Endometrium kanseri, MRG, miyometrial invazyon.
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Introduction

Endometrial cancer (EC), frequently observed in
older, postmenopausal women, is among the most
prevalent gynecologic malignancies (1). Most cases of
EC are diagnosed early, when the disease is limited to
the uterus, due to the common symptom of vaginal
bleeding (2). The surgical procedure and clinical
management of EC are determined according to the
stage of the disease. The pathological staging of EC
is assessed using the FIGO classification system (3).
In advanced EC, treatment may be extended with
neoadjuvant chemotherapy and pelvic lymph node
dissection, along with standard hysterectomy and
bilateral salpingo-oophorectomy (2). Deep myometrial
invasion, high cellular grade, cervical involvement,
parametrial extension, lymph node metastasis, and
the aggressive histological subtype of the tumor
are critical factors indicating a poor prognosis and
necessitating extensive surgical procedures in EC
(2,4).In cases with superficial myometrial invasion,
if there are no other high-risk criteria present,
hysterectomy and bilateral salpingo-oophorectomy
are sufficient in terms of treatment (2). The diagnosis
of EC is assessed through endometrial sampling
using a Pipelle biopsy or dilation and curettage
(D&C). Although preoperative endometrial biopsy
has higher accuracy in detecting the degree of
myometrial invasion, tumoral heterogeneity and
insufficient sampling of the tumor tissue may lead
to an underestimation of the stage of the disease
(5). Magnetic resonance imaging (MRI) exhibits high
soft tissue resolution, particularly when utilizing small
field of view multiparametric scanning protocols.
In this case, according to the guidelines, MRI is
recommended for assessing endometrial cancer
before surgery (2). Several studies in the literature
have assessed MRI’s accuracy in detecting the degree
of myometrial invasion (6-9). Some studies evaluated
MRI performance in a single session, while others
evaluated the performance of two different MRI
sequences separately. This study aims to individually
assess all multiparametric pelvic MRl (mp-MRI)
sequences, such as T2-weighted (T2W), diffusion-
weighted (DWI), and contrast-enhanced T1-weighted
(DCE) imaging, and to see if one works better
than the others. Due to factors such as myometrial
thinning, adenomyosis, and uterine fibroids, these

MRI sequences may be affected, potentially leading
to incorrect determinations regarding the degree of
myometrial invasion.

Material and Methods

Approval for this study was obtained from
Bezmialem Vakif University Non-Interventional
Research Ethics Committee (E-54022451-050.04-
155766). Patients diagnosed with endometrial
cancer who underwent preoperative pelvic mp-MRI
between January 2018 and May 2024 were included.
All subjects underwent surgery within five weeks
after the MRI was obtained. Patients management
was aligned with the ESMO guidelines (5). The
exclusion criteria for this study included: 1. Significant
image artifacts 2. Prior neoadjuvant chemotherapy
3. Tumors too small to be detected on MRI. All
hysterectomy specimens were evaluated according
to FIGO criteria, and the degree of myometrial
invasion (superficial (<50%) and deep (>50%))
was compared with the findings from the individual
multiparametric pelvic MRI sequences including
T2W, DWI, DCE images. The MRIs were interpreted
by an experienced abdominopelvic radiologist
with six years of expertise, who was blinded to the
histopathologic results. A total of 120 patients were
initially considered for the study. However, 11 were
excluded due to neoadjuvant chemotherapy, eight
were excluded because of significant image artifacts,
and five were excluded because their tumors were
too small to detect on MRI. Ultimately, 98 patients
were included in the study.

mp-MR| protocol

MRI scans were performed using a 1.5-T Siemens
Avanto system. Patients were instructed to fast for
a minimum of four hours before the procedure.
No antispasmodic drugs were administered, and
the patients’ bladders were kept mildly distended
throughout the process. The imaging protocol
included T2-weighted images in the axial, coronal,
and sagittal planes. For axial images, the TR/TE
values were set at 5190/108, for coronal images at
4450/108, and for sagittal images at 4290/108. The
field of view (FOV) was 420 mm for the axial and
coronal planes, and 450 mm for the sagittal plane.
The slice thicknesses were 5 mm, 4 mm, and 4.5
mm, respectively. Additionally, diffusion-weighted



imaging (DWI) was obtained with b-values of 50,
400, and 800 s/mm?. The TR/TE value was 6600/81,
witha FOV of 420 mm and a slice thickness of 5 mm.
T1-weighted axial images (TR/TE: 716/10; FOV: 420
mm) were acquired both before and after contrast
administration. Fat-saturated T1-weighted axial
images were also taken using the same parameters.
Gadolinium-diethylenetriamine pentaacetic acid was
injected intravenously at a dose of 0.1 mmol/kg body
weight. Afterward, contrast-enhanced images were
obtained in the axial, coronal, and sagittal planes.

Figure I. The T2W image showed a hyperintense expansive
mass in the endometrial cavity with no deep myometrial
invasion, delineated from the hypointense junctional zone
(a). The lesion appeared hypointense and distinct from the
myometrium on the DCE image (b), and hyperintense with
diffusion restriction, also clearly separated from the myometrium,

on the DWI image (c).

Analysis of MR images

Mp-MRI retrieved from the hospital database
system were evaluated using a workstation. An
experienced abdominopelvic radiologist with six
years of experience interpreted the MRl scans and
scored the degree of myometrial invasion (either
superficial or deep) for each sequence.

On T2W images, the tumor showed an intermediate
signal intensity, presenting as hypointense relative
to the myometrium and hyperintense relative to
the endometrium (Figure I). Tumor borders were
carefully assessed in three T2-weighted plans
simultaneously, especially when the tumor was close
to uterine fibroids or adenomyosis with junctional
zone enlargement. This was done to ensure accurate
estimation of the depth of myometrial invasion,
avoiding both underestimation and overestimation
(Figure ). The tumor boundaries were determined by
comparing the hyperintense signal intensity on DWI
relative to the myometrium with the corresponding
hypointense signal intensity on the ADC map. It

was established whether the myometrial invasion
was less than or greater than 50%. In DCE images,
the tumor tissue, which appeared hypointense and
exhibited less contrast enhancement compared to
the myometrium, was identified to determine the
degree of myometrial invasion. The boundaries
of the EC within the myometrium were defined
based on the signal characteristics described for
each sequence. Following this, it was determined
whether the myometrial invasion was less than or
greater than 50%.

Figure Il. The T2W image demonstrates a polypoid isointense
mass within the endometrial cavity adjacent to hypointense
adenomyomatosis, without evidence of myometrial invasion (a).
Axial DWI reveals an iso-hyperintense lesion clearly delineated
from the myometrium (b). The presence of adenomyosis,
exhibiting a similar contrast-enhancement pattern as the
mass, results in pseudo-invasion appearance into deeper
myometrial layers(c).

Statistical analysis

The statistical analysis in this study focused
on evaluating the effectiveness of the T2W, DWI,
and DCE MRI sequences in predicting the depth
of myometrial invasion in cases of endometrial
cancer. Continuous variables, such as patient age
and tumor size, were described using measures
like means, medians, and standard deviations. Age
differences between patients with superficial and
deep myometrial invasion were compared using an
independent t-test. Diagnostic performance metrics,
including sensitivity, specificity, accuracy, positive
predictive value (PPV), and negative predictive
value (NPV), were calculated for each MRl sequence.
Receiver operating characteristic (ROC) curves
were plotted, and the area under the curve (AUC)
was reported along with 95% confidence intervals.
To evaluate differences in diagnostic performance
between sequences, McNemar’s test was used, with
statistical significance set at p<0.05. All analyses
were conducted using SPSS software (IBM Corp.,
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Version 28.0, 2021) and MedCalc version 19.6.1.

Figure lll. ROC curves for T2W, DWI, and DCE sequences in
predicting the depth of myometrial invasion.
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Results

Among the 98 cases analyzed in this study, 61
(62%) presented with superficial myometrial invasion,
while 37 (38%) exhibited deep myometrial invasion,
as confirmed by pathological findings. The overall
average age was 60.76 years, with a median age
of 61 years. The average tumor size was 31.69 mm,
with a median size of 28.5 mm.

The average age for patients with superficial
myometrial invasion was 59.05 years (SD =10.63),
and the median age was recorded as 59 years.
Conversely, the mean age of patients with deep
myometrial invasion was 63.57 years (SD = 11.81),
while the median age was 65 years. Although there
was a noticeable difference in age distributions, the
independent t-test showed that this difference was
not statistically significant (0=0.053)

This study evaluated the effectiveness of T2W,
DWI, and DCE MR sequences in estimating the extent
of myometrial invasion in cases of endometrial
cancer (Table ). The T2W sequence showed the best
performance, with a sensitivity of 1.0, specificity of
0.934, and positive and negative predictive values
(PPV and NPV) of 0.902 and 1.0, respectively

(p<0.007). The DWI sequence also showed high
performance, with sensitivity, specificity, PPV, and
NPV of 0.973, 0.934, 0.900, and 0.983, respectively
(p<0.001). Although the DCE sequence exhibited
lower performance compared to the other sequences,
it still demonstrated satisfactory results, with values
of 0.946, 0.885, 0.833, and 0.964, respectively
(p<0.007).

Accuracy rates for the T2W, DWI, and DCE
sequences were similarly high, at 0.972, 0.965, and
0.938, respectively. ROC analysis revealed AUC
values for T2W, DWI, and DCE of 0.967 (95% ClI:
0.932-0.992), 0.954 (95% Cl: 0.908-0.984), and
0.916 (95% Cl: 0.855-0.957), respectively (Figure lIl).
Cohen’s Kappa analysis indicated strong agreement
between the sequences, with values of 0.958 for
T2W, 0.947 for DWI, and 0.905 for DCE. The pairwise
comparison of the MRI sequences revealed p-values
of 0.7272 for the comparison between T2W and DWI,
1.0000 for T2W and DCE, and 0.6875 for DWI and
DCE, indicating no statistically significant differences
in their performances.

Regarding misclassifications, T2W overestimated
1 case (false positive) and underestimated 1 case
(false negative). DWI overestimated 2 cases and
underestimated 1 case, while DCE exhibited the
highest discrepancy, with 4 overestimated and 2
underestimated cases. In cases of incorrectly staged
tumors on MRI, confounding factors such as cornual
location (n = 2), concomitant adenomyomatosis (n
= 2), and the presence of myoma uteri (n =1) were
identified.

Discussion
This study evaluated the diagnostic accuracy of T2W,
DWI, and DCE MR sequences in determining the
depth of myometrial invasion in cases of endometrial
cancer. Our findings indicated that all three sequences
provided high diagnostic accuracy, with T2W

Table I. Diagnostic performance of MR sequences in predicting depth of myometrial invasion

MR sequences | Sensitivity (%) | Specificity (%) Accuracy (%) PPV (%) NPV (%) AUC p value
T2W 100 93.4 97.2 90.2 100 0.967 <0.001
DWI 97.3 93.4 96.5 90.0 98.3 0.954 <0.001
DCE 94.6 88.5 93.8 83.3 96.4 0.916 <0.001

PPV: positive predictive value, NPV: negative predictive value, AUC: area under the curve, T2W: T2 weighted imaging, DWI: diffusion-weighted imaging,

DCE: dynamic contrast-enhanced imaging
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demonstrating the highest overall performance.
These results are consistent with the study that
highlights the critical role of T2W MRI in accurately
delineating myometrial invasion (10,11). There were
no substantial differences noted in the performances
of the sequences. However, obtaining images on
three axes and the high contrast resolution helped
better delineate anatomical boundaries, especially
in challenging tumors located in the cornual region
where the myometrium is thin. This is thought to
have contributed to the higher success rate of the
T2W sequence.
Similarly, a study conducted with 3T MRI reported,
similar to our findings, that while there was no
statistically significant difference in the performance
of the sequences, DWI showed better diagnostic
performance than T2W images (12). This difference
may be attributed to the higher technical capacity
of 3T MRI machines, which provide a better signal-
to-noise ratio and improved contrast resolution.
DWI demonstrated a 97% accuracy rate with an
AUC of 0.954 in predicting the degree of myometrial
invasion, which is consistent with the literature (13).
Studies in the literature have reported that diagnostic
performance improves when DWI sequences are
evaluated in conjunction with T2W sequences (14,15).
Although in this study each sequence was assessed
separately, it is predicted that a combined evaluation
with T2W could enhance diagnostic performance
due to its high contrast resolution and signal-to-
noise ratio. In the literature, a study similar to ours
reported no significant difference between DWI and
DCE in determining the extent of myometrial invasion
(16). However, a meta-analysis demonstrated that
DWI was superior to DCE in detecting the depth of
myometrial invasion (17). This finding is thought
to be related to technological advancements that
have improved the contrast resolution of DWI.
Additionally, DWI enables differentiation between
malignant tumors and benign lesions such as uterine
fibroids and adenomyosis, which may exhibit similar
contrast enhancement to tumors but, unlike tumors,
do not show diffusion restriction. These factors likely
contribute to the superior performance of DWI in
detecting myometrial invasion. Additionally, in our
study, it was observed that in tumors with cornual
localization, particularly in postmenopausal patients

HM]J

with myometrial thinning, assessment errors may
arise when relying solely on axial DWI. This highlights
the importance of high-resolution T2W imaging
obtained in three planes, which proved to be more
effective in accurately determining the depth of
myometrial invasion in such cases.

DCE images showed an accuracy of 94% and an AUC
of 0.916 in evaluating the extent of myometrial invasion
in endometrial cancer. Additionally, as highlighted in
previous studies, the absence of interruption in early-
phase subendometrial enhancement plays a key role
in identifying tumors confined to the endometrial
cavity, which holds particular significance in the
planning of fertility-sparing surgeries (18). Although
the other two sequences (T2W, DWI) exhibited
better diagnostic performance, the difference in
diagnostic accuracy was not statistically significant.
Conditions such as fibroids, adenomyosis, and an
indistinct junctional zone led to misinterpretation
of myometrial invasion depth on DCE. Similar to our
findings, the study by Beddy et al. also reported that
DCE images could result in incorrect radiological
assessments in the presence of accompanying
lesions, while DWI showed better performance (13).
Therefore, since accompanying lesions with contrast
enhancement patterns similar to EC that are located
near the tumor-myometrium interface may lead to
misinterpretation on DCE images, DWI and T2W
images should be used to assist in the evaluation
of these cases.

Preoperative staging in EC is essential for predicting
patient prognosis and guiding treatment decisions
(2,4). Assessment of myometrial invasion depth
using MRI in the preoperative setting has been
integrated into clinical guidelines for EC (2,19). In
our study, all imaging sequences demonstrated
high diagnostic accuracy for evaluating myometrial
invasion depth, with no significant differences in AUC
values 0.967, 0.954, and 0.916 for T2W, DWI, and
DCE, respectively. However, in a few cases where
discrepancies between sequences were observed,
T2W images showed the highest concordance with
pathology results. While there is no clear consensus
in the literature, our findings from a 1.5T MRl indicate
that the high-resolution T2W sequence may be
more effective than the others (10-12). This is likely
because it provides superior anatomical detail and
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allows for evaluation across multiple planes. DWI
and DCE, which offer functional insights into tumor
biology, are also important components of the EC
imaging protocol, and our results indicate that
these sequences provide comparable diagnostic
accuracy to T2W. However, in cases where factors
such as cornual location, fibroids, adenomyosis, or
an indistinct junctional zone may lead to inaccurate
assessment of myometrial invasion depth, it is crucial
to evaluate all sequences together for accurate
staging.

There are several limitations to this study. First, the
study was performed with a 1.5-T MRI scanner, which
may have influenced diagnostic performance when
compared to 3T MRI systems, known for their higher
resolution and better signal-to-noise ratio. Second,
the study did not evaluate interobserver variability,
as all MRI sequences were interpreted by a single
radiologist. Third, the sample size, although sufficient
for the study design, limits the generalizability of the
findings to broader populations. Additionally, this was
aretrospective study, and further prospective studies
are needed to confirm these results and evaluate
the impact of different MRI protocols on diagnostic
performance. Lastly, the exclusion of patients who
had undergone neoadjuvant chemotherapy may limit
the applicability of the findings to more advanced
cases of endometrial cancer.

In conclusion, this study demonstrates that T2W,
DWI, and DCE MRI sequences all have high accuracy
in assessing myometrial invasion in endometrial
cancer. Although the differences in performance
were not statistically significant, T2W showed a slight
advantage due to its superior anatomical detail and
ability to assess the tumor in multiple planes. DWI
also performed well, providing valuable functional
information. In cases with complicating factors such
as fibroids or adenomyosis, combining T2W and DWI
is recommended to enhance accuracy and reduce
the likelihood of misinterpretation. Further studies
with larger sample sizes and 3T MRI systems are
required to confirm and strengthen these findings.
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Ferritin and Cardiac Electrophysiology in End-Stage Renal Disease: Evaluating the
Impact of Index of Cardio-Electrophysiological Balance

ABSTRACT

Objective: Ferritin is a critical protein involved in iron storage and functions as an acute-phase reactant, playing
a significant role in chronic inflammation and the pathogenesis of cardiovascular diseases. Elevated ferritin
levels in end-stage renal disease patients undergoing hemodialysis may influence cardiac electrophysiological
parameters, such as the corrected index of cardio-electrophysiological balance, a marker of proarrhythmic
risk. This study aimed to investigate the association between ferritin levels and the corrected index of cardio-
electrophysiological balance in patients with end-stage renal disease undergoing hemodialysis.

Material and Method: This retrospective cross-sectional study included 438 patients with end-stage renal disease
undergoing hemodialysis, categorized into two groups according to their ferritin levels: Group 1 (=1000 ng/mL,
n=254) and Group 2 (<200 ng/mL, n=184). Demographic, biochemical, and electrocardiographic data, including
corrected index of cardio-electrophysiological balance, were analyzed. The correlation between ferritin levels
and the corrected index of cardio-electrophysiological balance was assessed.

Results: The index of cardio-electrophysiological balance was significantly higher in Group 1 compared to
Group 2 (5.1 vs. 4.9, p=0.003). A moderate positive correlation between ferritin levels and the index of cardio-
electrophysiological balance was identified (r=0.326, p<0.005). While significant differences were observed in
heart rate, QRS duration, and PR intervals between the groups, other electrocardiographic parameters, such as
Tp-e and QT intervals, did not show significant differences. The logistic regression analysis identified gender
and ferritin levels as significant predictors of elevated iCEBc (=4.5) (Ferritin odds ratio of 1.08 (95% ClI: 1.03-1.12,
p<0.005).

Conclusion: Elevated ferritin levels in end-stage renal disease patients undergoing hemodialysis are associated
with an increased corrected index of cardio-electrophysiological balance, reflecting heightened proarrhythmic
risk. These findings underscore the importance of ferritin as a potential marker for arrhythmia risk assessment in
this population. Further research is warranted to explore strategies for mitigating cardiovascular risks associated
with iron metabolism dysregulation.

Keywords: End-stage renal disease, ferritin, hemodialysis, Index of Cardio-Electrophysiological Balance.

OZET

Amag: Ferritin, demir depolanmasinda anahtar bir protein olup, ayni zamanda kronik inflamasyon ve
kardiyovaskuler hastaliklarla iliskili bir akut faz reaktanidir. Hemodiyaliz uygulanan son dénem boébrek yetmezligi
hastalarinda artan ferritin seviyelerinin, proaritmik riski yansitan kardiyo-elektrofizyolojik denge indeksi gibi
elektrokardiyografik parametreleri etkileyebilecedi disinidimektedir. Bu calisma, hemodiyaliz alan son dénem
bobrek yetersizligi hastalarinda ferritin seviyeleri ile kardiyo-elektrofizyolojik denge indeksi arasindaki iliskiyi
degerlendirmeyi amaclamaktadir.

Gere¢ ve Yontem: Bu retrospektif, kesitsel calismada, hemodiyaliz uygulanan 438 son dénem bobrek yetersizligi
hastasi yer almistir. Hastalar ferritin seviyelerine gore iki gruba ayriimistir: Grup 1 (=1000 ng/mL, n=254) ve Grup
2 (2200 ng/mL, n=184). Demografik, biyokimyasal ve elektrokardiyografik veriler (kardiyo-elektrofizyolojik
denge indeksi dahil) analiz edilmistir. Ferritin seviyeleri ile kardiyo-elektrofizyolojik denge indeksi arasindaki iliski
degerlendirilmistir.

Bulgular: Kardiyo-elektrofizyolojik denge indeksi Grup T’de Grup 2’ye kiyasla anlamli derecede yiksek saptandi
(5.re karsi 4.9, p=0.003). Ferritin dizeyleri ile kardiyo-elektrofizyolojik denge indeksi arasinda orta dizeyde
pozitif bir korelasyon tespit edilmistir (r=0.326, p<0.005). Gruplar arasinda kalp hizi, QRS slresi ve PR araliklarinda
anlamli farkliliklar gdzlenirken, Tp-e ve QT araliklari gibi diger elektrokardiyografik parametreler anlamli farkliliklar
godstermemistir. Lojistik regresyon analizi, cinsiyet ve ferritin dizeylerini yUksek iCEBc (=4,5) icin anlamli
ongoriculler olarak tanimlamistir (Ferritin odds ratio 1,08 (%95 Cl: 1,03-1,12, p<0.005).

Sonug¢: Hemodiyaliz uygulanan son dénem bobrek yetersizligi hastalarinda yUksek ferritin seviyeleri, proaritmik
riski yansitan kardiyo-elektrofizyolojik denge indeksi ile iliskilendirilmistir. Bu bulgular, ferritinin bu populasyonda
aritmi riski degerlendirmesinde potansiyel bir belirte¢c olarak énemini vurgulamaktadir. Calismamiz ile demir
metabolizmasinin dizensizligi ile iliskili kardiyovaskUler riskleri azaltmaya yénelik stratejilerin arastirilmasi
gerektigi sonucuna variimistir.

Anahtar Sézciikler: Ferritin, hemodiyaliz, Kardiyo-Elektrofizyolojik Denge indeksi, Son dénem bdbrek hastaligi.
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Introduction

Ferritin is a protein essential for the storage and
regulation of iron homeostasis, functioning at both
intracellular and extracellular levels (1). Additionally,
as an acute-phase reactant, elevated ferritin levels
have been associated with chronic inflammation,
metabolic disorders, chronic kidney failure, and
cardiovascular diseases (2-6).

Elevated ferritin levels are frequently observed
in individuals with end-stage renal disease (ESRD).
Hemodialysis, a primary treatment for these patients,
can further complicate iron regulation, contributing
to elevated ferritin levels (5).

Both elevated and reduced ferritin levels have
been linked to a heightened risk of arrhythmias
and mortality in diverse patient populations (6,7).
Additionally, increased serum ferritin levels have
been shown to cause changes in QTc dispersion,
which is a well-recognized marker associated with
a greater likelihood of ventricular arrhythmias and
sudden cardiac death (8).

Electrocardiographic parameters, including
the frontal QRS axis, QT interval, QRS duration,
Tp-E interval, and the corrected index of cardio-
electrophysiological balance (iCEBc), are considered
valuable tools for assessing cardiac health and
identifying arrhythmogenic conditions. Studies
have identified the iCEBc, the Tp-E interval, and the
frontal QRS axis as potential markers for ventricular
arrhythmias, sudden cardiac death, and overall
mortality in various patient populations. (9-12).
Giventhe highincidence of cardiovascular complications
in patients with ESRD, understanding the role of
ferritin levels and their effects on electrocardiographic
parameters is critical for developing strategies aimed
at improving clinical outcomes. In this context, this
study aims to investigate the relationship between
elevated ferritin levels and electrocardiographic
parameters in patients with ESRD.

Material and Methods

Study Population

This cross-sectional, retrospective, single-center
study included patients who presented to nephrology
and cardiology outpatient clinics between January
1,2023, and January 1, 2024, and were undergoing
hemodialysis treatment due to ESRD. Patients were

stratified into two groups according to their ferritin
levels: Group 1 comprised individuals with ferritin
levels > 1000 ng/mL, while Group 2 included those
with ferritin levels <200 ng/mL.

The study excluded patients presenting with
the following conditions: acute infections, severe
coronary artery disease, moderate or severe valvular
heart disease, atrial fibrillation, malignancy, chronic
autoimmune diseases, abnormal serum electrolyte
levels, ferritin levels between 200 and 1000 ng/mL,
heart failure (EF <40%), or the presence of complete
or incomplete bundle branch blocks or pacemaker
rhythm on the electrocardiogram (ECG). Additionally,
patients receiving treatments that could influence
ECG parameters such as antiarrhythmic drugs,
selective serotonin reuptake inhibitors, antibiotics,
antifungals, antipsychotics, and others were excluded
from the study.

The study population consisted of 438 patients
who met the inclusion criteria, with 254 participants in
Group 1(ferritin>1000 ng/mL) and 184 participants
in Group 2 (ferritin <200 ng/mL).

Demographic data, as well as biochemical,
hematological, and inflammatory parameters, were
retrieved from the local database.

A 12-lead ECG was obtained for all participants.

The study design is illustrated in Figure .

Figure I. Flow Chart of the Study Population
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The research was conducted in accordance with the
ethical principles outlined in the 1975 Declaration of
Helsinki, and ethical approval was granted by the
local ethics committee.

Electrocardiogram Assessment

Standard 12-lead ECGs were recorded using
a device configured with a paper speed of 25
mm/s and an amplitude of 10 mm/mV. To reduce
evaluation errors, a magnification tool was utilized.
Measurements were conducted on leads V5 and
DIl. The ECG parameters analyzed included the T
peak-to-end (Tp-e) interval, QRS duration, and QT
interval.

The QT Interval: Measured from the onset of the
QRS complex to the termination of the T wave.
The QTc Interval: QTc was calculated to account for
heart rate variability using Bazett’s formula:

Qlc= —=

VR —R Interval
Tp-e Interval: The T peak-to-end (Tp-e) interval was
measured from the peak of the T wave, identified as
its highest point, to the end of the T wave, defined
as the intersection of its descending limb with the
baseline. In cases where a U wave was present,
the end of the T wave was identified as the notch
between the T and U waves. The Tp-e/QT and Tp-e/
QTc ratios were subsequently calculated based on
these measurements.

ICEB and ICEBc: The index of cardio-
electrophysiological balance (ICEB) was calculated
as QT/QRS, and the corrected index (ICEBc) as QTc/
QRS, as described in the literature.

The coefficients of variation for interobserver
measurements were 3.3% and intraobserver
measurements were 4.0%.

Statistical analysis

The study data were analyzed using SPSS software,
version 21.0 (SPSS Inc., Chicago, IL). Descriptive
statistics were reported as mean + standard deviation,
median (interquartile range), median (minimum-
maximum), frequencies, and percentages. For
categorical variables, statistical analysis was performed
using Pearson’s Chi-Square Test, Fisher’s Exact Test,
and McNemar’s Test. The distribution normality of
continuous variables was evaluated using both visual
tools, such as histograms and probability plots, and
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statistical tests, including the Kolmogorov-Smirnov
Test and the Shapiro-Wilk Test. For continuous
variables with a normal distribution, comparisons
between two independent groups were conducted
using the Student’s t-test. For variables that did
not follow a normal distribution, the Mann-Whitney
U Test was employed for comparisons between
two groups. Correlations between variables were
assessed using Spearman’s Correlation Test. For
the binary logistic regression analysis, an elevated
iCEBc value was defined as >4.5 based on thresholds
reported in the literature, and the analysis was
conducted accordingly. A p-value of less than 0.05
was considered statistically significant.

Results

Baseline Demographic, Laboratory, and
Echocardiographic Characteristics

The baseline demographic, laboratory, and
echocardiographic characteristics of Group 1(n =
254) and Group 2 (n =184) are presented in Table
|. Group 1 demonstrated distinct characteristics
compared to Group 2. The median age was similar
between the groups (59 years [48-68] in Group 1vs.
60 years [48-70] in Group 2, p=0.294), with nearly
identical proportions of females (48.4% in Group 1
vs. 48.9% in Group 2, p=0.920).

Table I. Baseline Demographic, Laboratory and Echocardiographic
Findings of the Study Population

Group 1(n=254) Group 2 (n=184) P
Age, years 59 (48 - 68) 60 (48-70) 0.294
Female Sex, n (%) 123 (48.4%) 90 (48.9%) 0.920
HT, n (%) 192 (75.6%) 156 (84.8%) 0.0719
DM, n (%) 84 (33.1%) 68 (37%) 0.399
HL, n (%) 55 (21.7%) 30 (16.3%) 0.162
CAD, n (%) 52 (20.5%) 38 (20.7%) 0.963
Rbc (milyon/nL) 36@31-40) 37(33-4.2) 0.028
Hb (g/dL) 10.6 (9.2-12) 10.8 (9.5-12.3) 0.169
Htc (%) 31.7 (27.7 - 36.6) 32.6 (29.2 - 36.9) 0.032
MCV (fL) 89.2 (85.1-94.4) 88.8(84.5-93.8) 0.317
Na (mEq/L) 138.8 (136 - 141) 138.8 (136.8 - 140.5) 0.638
K (mEa/L) 48(4.2-54) 4.8(4.3-5.3) 0.666
Calcium (mg/dL) 9(85-9.5) 9(83-94) 0.194
aiberid 1(08-1) 0.9(0.8-09) 0.006
Fe (ng/dL) 75.4 (479-7175) 56.5 (37.8 - 68.8) <0.005
TIBC (ug/dL) 213.6 (194 - 213.6) 264.9 (237.7 - 284.6) <0.005
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Ferritin (ng/mL) 1465 (1211 - 2009.3) 16 (59 - 150) <0.005

0.124

Ejection Fraction 55(55-60) 54 (54 - 60)

Quantitative variables were specified as medians (Q1-Q3). Categorical variables

were shown as numbers and percentage values.Ht: Hypertension; DM: Diabetus
Mellitus; HL: Hyperlipidaemia; CAD: Coronary artery disease; Rbc: Red blood
cell ; Hb: haemoglobin; Htc: haematocrit; MCV: Mean Corpuscular Volume;
Na:Sodyum:; K: Potassium:; Cl: Clorur; Fe: iron; TIBC: Total iron binding capacity.

Laboratory values for Group 1 showed unique
features. Iron levels (75.4 ug/dL [47.9-77.5]) were
markedly higher in Group 1 compared to Group 2
(56.5 ug/dL [37.8-68.8], p<0.005), while total iron-
binding capacity (TIBC) was significantly lower in
Group 1(213.6 pg/dL [194-213.6] vs. 264.9 pg/dL
[237.7-284.6], p<0.005).

Red blood cell (RBC) counts and hematocrit levels
were slightly lower in Group 1 (RBC: 3.6 [3.1-4.1] vs.
3.7[3.3-4.2], p=0.028; hematocrit: 31.7% [27.7-36.6]
VS. 32.6% [29.2-36.9], p=0.032). Other hematological
and electrolyte parameters, including hemoglobin,
sodium, potassium, calcium, and magnesium, did
not differ significantly between groups.

Table Ill. Electrocardiographic Features of The Study Population

Group 1 Group 2

(n=254) (n=184) p
Heart Rate, bpm 81.5(70.8-92) 78 (68.3 - 89) 0.026
PR interval, ms 146 (130 - 166.5) 154 (138 -172) 0.012
QRS Duration,ms 86 (80 - 96) 88 (82-95.8) 0.028
QT Interval,ms 382 (354 - 412) 386 0.247

(362.5 - 407.8)

cQT Interval, ms 442 (425.8 - 461) ?21%5 462.8) 0.123
Frontal QRS-T Angle (°) | 40.5 (19.8 - 90.5) 36.5(15.3 - 86) 0.252
Tp-e, ms 71(60 - 80) 70 (60 - 80) 0.402
Tp-e/QT Ratio 0.2(0.2-0.2) 0.2(02-0.2) 0.257
Tp-e/QTc Ratio 0.2(01-0.2) 0.2(01-0.2) 0.727
iCEB (QT/QRS) 4.4(4-48) 4.4(4-47) 0.305
iCEBc (QTc/QRS) 51(4.6-5.6) 49(45-54) 0.003
Quantitative variables were specified as medians (Q1-Q3). QTc: Corrected QT
interval; Tp-e:T wave peak-to-end; ICEB: index of cardioelectrophysiological
balance; ICEBc: corrected ICEB

The logistic regression analysis identified gender
and ferritin levels as significant predictors of elevated
ICEBc (>4.5). Ferritin levels had an odds ratio (OR)
of 1.08 (95% Cl: 1.03-1.12, p<0.005), indicating that
each unitincrease in ferritin was associated with an
8% increase in the likelihood of having an iCEBc >4.5.
Other variables, including age, hemoglobin, diabetes,
hypertension, hyperlipidemia, ejection fraction,
magnesium, and iron levels, were not statistically

significant predictors in the model (p>0.05).

Table Ill. Binary Logistic Regression Analysis of Factors
Influencing the iCEBc >4.5

OR (%95Cl) P
Gender 0,519 (0,31-0,87) 0.0713
Age 0,994 (0,976 -1,013) 0.537
Hemoglobin 0,985 (0,875 - 1,108) 0.797
Diabetes Mellitus 0,786 (0,449 -1,378) 0.401
Hypertension 1,43 (0,718 - 2,851) 0.309
Hyperlipidemia 1,031 (0,542 - 1,961) 0.927
Ejection Fraction 1,022 (0,981 -1,064) 0.302
Ferritin 1,08 (1,03-1,12) 0.000
Magnesium 1,622 (0,415 - 6,341) 0.487
Iron Level 0,999 (0,992 - 1,006) 0.769
Cox & Snell R Square=0.079; Nagelkerke R Square= 0.124; Accuracy=
0,799. iCEBc:Corrected index of Cardio-Electrophysiological Balance

Electrocardiographic Characteristics

The electrocardiographic features Group 1,
presented in Table ll, reveal some significant differences
compared to Group 2. Group Thad a higher median
heart rate (81.5 bpm [70.8-92]) compared to Group
2 (78 bpm [68.3-89], p=0.026). The PR interval was
shorter in Group 1 (146 ms [130-166.5] vs. 154 ms
[138-172], p=0.012), and the QRS duration was also
slightly shorter (86 ms [80-96] vs. 88 ms [82-95.8],
p=0.028).

The corrected index of cardioelectrophysiological
balance (iICEBc) was higher in Group 1(5.1[4.6-5.6])
compared to Group 2 (4.9 [4.5-5.4], p=0.003).
No significant differences were noted in other
electrocardiographic parameters, including QT
interval, corrected QT (QTc) interval, Tp-e interval,
Tp-e/QT ratio, and Tp-e/QTc ratio.

Correlation Analysis of ICEBc and Ferritin

The correlation analysis, summarized in Table I,
revealed a statistically significant moderate positive
correlation between iCEBc and ferritin levels in
Group 1 (r=0.326, p<0.005). This indicates that
higher ferritin levels in Group 1 are associated with
elevated iCEBc values. (Figure II).

In summary Group 1exhibited unique characteristics
compared to Group 2, including higher ferritin and iron
levels, lower TIBC, and higher iCEBc. These findings
suggest a distinct profile of iron metabolism and
cardiac electrophysiological properties in Group 1.
The significant moderate correlation between ferritin
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and iCEBc further highlights the potential interplay
between iron storage and cardiac function.

Figure Il. Correlation Between iCEBc and Ferritin
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Discussion

To the best of our knowledge, this study is the
first to provide evidence demonstrating an increase
in the iCEBc in ESRD patients undergoing HD with
ferritin levels >1000 ng/mL. A moderate correlation
between iCEBc and ferritin levels was also identified.
Serum iron levels significantly effect ECG parameters
and are linked to proarrhythmic effects through
various mechanisms (13). lron overload has been
shown to enhance the production of reactive oxygen
species and depolarize mitochondrial membrane
potential, thereby initiating calcium wave generation
and promoting arrhythmogenesis (14). Conversely,
low iron levels are also associated with arrhythmia
risks, including prolonged QT and Tp-e intervals,
which may increase the susceptibility to ventricular
arrhythmias (15). These findings highlight the
U-shaped relationship of serum iron levels with cardiac
risk, where both low and high levels contribute to
arrhythmic vulnerability (16). In our study, serum
iron levels were observed to be significantly elevated
in Group 1. Collectively, these findings underscore
the importance of individualized iron management
to mitigate cardiovascular and proarrhythmic risks
associated with serum iron levels especially in
patients with ESRD.

Serum ferritin is a key indicator of iron storage in
the body (1). Furthermore, ferritin, in conjunction with
transferrin and its’ receptors, serves as an acute-phase
reactant and is a component of the protein family
involved in cellular defense against oxidative stress
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and inflammation. The H-ferritin gene is activated
through the antioxidant-responsive element in
response to oxidative stress and proinflammatory
cytokines, including interleukin (IL)-1, IL-6, and
tumor necrosis factor-alpha (17). Consequently,
inflammatory conditions such as chronic diseases
and cancer can naturally influence serum iron and
ferritin levels (1).

High ferritin levels in patients with chronic
cardiovascular disease have been associated with
worse outcomes and increased mortality (7). Kuragano
et al. identified hyperferritinemia described as serum
ferritin >100 ng/mL as a significant risk factor for
cardiovascular disease, hospitalization, and mortality
in their study which was published at 2014 included
1,086 Japanese HD patients (18). Similarly, ina 2020
study, HD patients with high ferritin levels and low
transferrin saturation—suggesting inadequate iron
utilization for erythropoiesis—were found to have a
higher risk of death and cardiovascular disease (4).
In another study, Ahmed et al. demonstrated the
association between high serum ferritin levels (=800
1g/L) and left ventricular hypertrophy in HD patients
(19). Based on these findings, we categorized our
study population of ESRD patients receiving HD into
a hyperferritinemia group (ferritin >1000 ng/mL) and
a control group (ferritin <200 ng/mL). We believe
that exploring the relationship between ferritin levels
and electrocardiographically validated parameters
can shed light on the evaluation of cardiovascular
outcomes in HD patients.

In this context, iCEBc serves as a non-invasive
parameter that offers insights into the depolarization
and repolarization phases of the cardiac action
potential, thereby reflecting the ventricular
proarrhythmic risk (20). Although there are relatively
fewer studies on iICEBc compared to other markers, it
has been suggested to predict cardiac proarrhythmic
risk more effectively than parameters such as Tp-e
interval, Tp-e/QT ratio, and QT interval, which focus
solely on repolarization (20,21).

iCEBc has emerged as a superior biomarker for
identifying arrhythmogenic conditions compared
to the QTc. Unlike QTc, which has limited sensitivity
and specificity for arrhythmic risk, iCEBc provides a
balanced measure of ventricular depolarization and
repolarization, offering enhanced predictive value for
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arrhythmias, including life-threatening ventricular
fibrillation (22). Recent studies affirm that iCEBc
correlates strongly with adverse cardiac outcomes
and mortality, emphasizing its clinical significance
in risk stratification and its potential application in
diverse patient populations (23). These findings
solidify iCEBc as a pivotal tool in cardiology for
non-invasive arrhythmic risk assessment.

Yucetas et al. reported significantly higher iCEBc
values in patients with subarachnoid hemorrhage,
highlighting the proarrhythmic risk in this group
(21). Similarly, Kaya et al. observed elevated iCEBc
levels in patients with tinnitus, emphasizing its
relevance to arrhythmogenic risk (24). Additionally
Nafakhi et al. found increased pericardial fat volume
in patients with elevated iCEBc levels, suggesting a
higher cardiovascular disease risk in these patients
(25). Sivri et al. reported a rise in iCEBc levels in
ESRD patients post-dialysis compared to pre-
dialysis, underlining the proarrhythmic state in this
population. In our study, we demonstrated that in
ESRD patients undergoing HD, who are already at
high cardiovascular risk, elevated ferritin levels are
associated with a moderate increase in arrhythmic risk
as reflected by higher iCEBc values. This highlights
the potential importance of ferritin as a marker
for assessing proarrhythmic risk in this vulnerable
population.

This study has several limitations that should
be acknowledged. First, its retrospective, single-
center design restricts the generalizability of the
findings to wider populations. Second, there is the
potential influence of confounders. To address this,
we conducted a binary logistic regression analysis to
adjust for age, gender, and other cardiovascular disease
risk factors. However, even after these adjustments,
the model accounted for only a modest proportion
of the variation (7.9% to 12.4%) and demonstrated
moderate predictive accuracy (79.9%), suggesting that
additional unmeasured factors might contribute to
iCEBc variability. Third, although we utilized standard
methodologies for ECG measurements, interobserver
and intraobserver variability could introduce minor
measurement errors. Fourth, significant limitation
of our study, is the lack of direct assessment of
cardiovascular mortality and major cardiovascular
adverse events. This omission reflects the inherent

constraints of the retrospective design and limits
our ability to explore the full clinical implications of
iCEBc in predicting these outcomes. Lastly, this study
focused only on ferritin and iCEBc without exploring
other biomarkers or cardiac parameters that might
provide additional insights into arrhythmic risks in
ESRD patients. Future studies with a prospective
design, larger sample sizes, and a broader scope of
analysis are needed to validate and expand upon
these findings.

Conclusion

This study revealed a significant increase in the
iCEBc among patients with ESRD undergoing HD
who exhibited elevated ferritin levels (>1000 ng/mL).
Additionally, a moderate correlation between ferritin
levels and iCEBc was identified. These findings suggest
that elevated ferritin levels, commonly observed
in ESRD patients, may contribute to an increased
arrhythmic risk, as reflected by higher iCEBc values.
Given the high cardiovascular risk in this population,
our results emphasize the potential role of ferritin
as a marker for assessing proarrhythmic risks and
underline the importance of further investigation
into strategies to mitigate these risks.

References
1. Wang W, Knovich MA, Coffman LG, Torti FM, Torti SV. Serum
ferritin: past, present and future. Biochimica et Biophysica Acta
(BBA)-General Subjects 2010;1800:760-769.
2. Altieri C, Pisano C, Vincenzo L et al. Circulating levels of
ferritin, RDW, PTLs as predictive biomarkers of postoperative
atrial fibrillation risk after cardiac surgery in extracorporeal
circulation. International Journal of Molecular Sciences
2022;23:14800.
3. Israel A, Bornstein G, Gilad L et al. Clinical and prognostic
significance of elevated ferritin levels in hospitalized adults.
Postgraduate Medical Journal 2022;98:622-625.
4. Kuragano T, Joki N, Hase H et al. Low transferrin saturation
(TSAT) and high ferritin levels are significant predictors for
cerebrovascular and cardiovascular disease and death in
maintenance hemodialysis patients. PLoS One 2020;15:e0236277.
5. McCullough K, Bolisetty S. Ferritins in kidney disease.
Seminars in nephrology: Elsevier, 2020:160-172.
6. Mikkelsen LF, Nordestgaard BG, Schnohr P, Ellervik C.
Increased ferritin concentration and risk of atrial fibrillation
and heart failure in men and women: three studies of the



¥ (a2

‘ul

&

Danish general population including 35799 individuals. Clinical
Chemistry 2019;65:180-188.

7. Aboelsaad IA, Claggett BL, Arthur V et al. Plasma Ferritin
Levels, Incident Heart Failure, and Cardiac Structure and
Function: The ARIC Study. Heart Failure 2024;12:539-548.

8. Yilmaz E, Aydin E. The effect of low iron storage without
Anaemia on electrocardiography. Journal of Electrocardiology
2021;64:76-79.

9. Erdogan G, Yontar OC, Yenercag M, Gul S, Arslan U. Frontal
QRS-T angle predicts syntax score in patients with non-ST
elevation myocardial infarction. Journal of Electrocardiology
2020;61:86-91.

10. Lin'Y, Zhou F, Wang X, Guo Y, Chen W. Effect of the index
of cardiac electrophysiological balance on major adverse
cardiovascular events in patients with diabetes complicated
with coronary heart disease. PeerJ 2023;11:€15969.

11. Yenercag M, Arslan U. Tp-e interval and Tp-e/QT ratio and
their association with left ventricular diastolic dysfunction in
Fabry disease without left ventricular hypertrophy. Journal of
Electrocardiology 2020;59:20-24.

12. Yenercag M, Arslan U, Dogdus M et al. Evaluation of
electrocardiographic ventricular repolarization variables
in patients with newly diagnosed COVID-19. Journal of
Electrocardiology 2020;62:5-9.

13. Laudanski K, Ali H, Himmel A, Godula K, Stettmeier M,
Calvocoressi L. The relationship between serum ferritin levels
and electrocardiogram characteristics in acutely ill patients.
Experimental & Clinical Cardiology 2009;14:38.

14. Gordan R, Fefelova N, Gwathmey J, Xie L-H. Iron overload
promotes arrhythmias via ROS production and mitochondrial
membrane potential depolarization. Biophysical Journal
2015;108:273a.

15. Karadeniz C, Ozdemir R, Demirol M et al. Low iron stores
in otherwise healthy children affect electrocardiographic
markers of important cardiac events. Pediatric Cardiology
2017;38:909-914.

16.Yan J, PanY, He Y, Wang R, Shao W, Dong S. The effects of
serum iron level without anemia on long-term prognosis of
patients with coronary heart disease complicated with chronic
heart failure: a retrospective cohort study. Heart and Vessels
2020;35:1419-1428.

17. Hintze KJ, Theil EC. DNA and mRNA elements with
complementary responses to hemin, antioxidant inducers, and
iron control ferritin-L expression. Proceedings of the National
Academy of Sciences 2005;102:15048-15052.

18. Kuragano T, Matsumura O, Matsuda A et al. Association
between hemoglobin variability, serum ferritin levels, and

HMJ Coksevim M, Kertmen O, Yildirim U, Tirkmen E.

adverse events/mortality in maintenance hemodialysis patients.
Kidney International 2014;86:845-854.

19. Lotfy Ahmed A, Hamed Hassan F, Mohamed Rashed E-S,
Ahmed Mosaad M, Fathy Esmaeel N. Relation between serum
ferritin and left ventricular functions in hemodialysis patients.
Al-Azhar Medical Journal 2021;50:2177-2184.

20. Lu HR, Yan G-X, Gallacher DJ. A new biomarker-index
of Cardiac Electrophysiological Balance (iCEB)-plays an
important role in drug-induced cardiac arrhythmias: beyond
QT-prolongation and Torsades de Pointes (TdPs). Journal of
Pharmacological and Toxicological Methods 2013;68:250-259.
21. Yucetas SC, Kaya H, Kafadar S, Kafadar H, Tibilli H, Akcay A.
Evaluation of index of cardiac-electrophysiological balance in
patients with subarachnoid hemorrhage. BMC Cardiovascular
Disorders 2022;22:477.

22. Ozdemir L, Sékmen E. Effect of habitual cigarette smoking on
the index of cardiac electrophysiological balance in apparently
healthy individuals. Journal of Electrocardiology 2020;59:41-44.
23. Chen X, Wang Z, Liu L et al. Prognostic value of index of
cardiac electrophysiological balance among US middle-aged
adults. Front Cardiovasc Med 2023;10:1139967.

24. Kaya H, Suner A, Koparal M, Yucetas SC, Kafadar S.
Evaluation of Tp-e interval, Tp-e/QT ratio and index of cardiac-
electrophysiological balance in patients with tinnitus. BMC
Cardiovascular Disorders 2021;21:415.

25. Nafakhi H, Al-Mosawi AA, Alareedh M, Al-Nafakh HA. Index of
cardiac electrophysiological balance and transmural dispersion
of the repolarization index relationships with pericardial fat
volume and coronary calcification. Biomarkers in Medicine
2018;12:321-328.



HITIT MEDICAL JOURNAL

HITiT UNIVERSITESI TIP FAKULTESI DERGISI

e-ISSN: 2687-4717 Cilt|Volume: 7 » Sayillssue: 1 - Subat|February 2025

The Diagnostic Accuracy of V/P Scintigraphy in Pulmonary
Embolism and Superiority of V/P SPECT to V/P Planar
Scintigraphy

Pulmoner Embolizmde V/P Sintigrafisinin Tanisal Dogrulugu ve V/P SPECT’in V/P Planar Sintigrafiye
Ustanlugu

Semra Demirtas Senlik™ @ | Giilin U¢gmak?
ipek Kerimel* (® | Aykut Kiirsat Fidan®

'Etlik City Hospital, Department of Nuclear Medicine, Ankara, Turkiye

| Bedriye Biisra Demirel?
| Figen Giineg®

| Hilya Efetiirk® @ |

2Dr. Abdurrahman Yurtaslan Oncology Training and Research Hospital, Department of Nuclear Medicine, Ankara, Turkiye
3Dr. Burhan Nalbantoglu State Hospital, Department of Nuclear Medicine, Nicosia, Turkish Republic of Northern Cyprus
4Basaksehir Cam ve Sakura City Hospital, Department of Nuclear Medicine, istanbul, Turkiye

5Gazi State Hospital, Department of Nuclear Medicine, Samsun, Turkiye

6Bilkent City Hospital, Department of Pulmonology/Respiratory Medicine, Ankara, Tirkiye

Sorumlu Yazar | Correspondence Author
Semra Demirtas Senlik
demirtasemral3@gmail.com

Address for Correspondence: Etlik Sehir Hastanesi, Ankara, Turkiye

Makale Bilgisi | Article Information

Makale Tiirii | Article Type: Arastirma Makalesi | Research Article
Doi: https://doi.org/10.52827/hititmedj.1553149

Gelis Tarihi | Received: 21.09.2024

Kabul Tarihi | Accepted: 05.02.2025

Yayim Tarihi | Published: 25.02.2025

Atif | Cite As

Demirtas Senlik S, Ucmak G, Demirel BB, et al. The Diagnostic Accuracy of V/P Scintigraphy in Pulmonary Embolism and Superiority of
V/P SPECT to V/P Planar Scintigraphy. Hitit Medical Journal 2025;7(1):45-52. https://doi.org/10.52827/hititmed].1553149

Hakem Degerlendirmesi: Alan editér tarafindan atanan en

az iki farkh kurumda c¢alisan bagimsiz hakemler tarafindan
degerlendirilmistir.

Etik Beyani: Bu retrospektif calisma Dr. Abdurrahman Yurtaslan
Ankara Onkoloji Egitim ve Arastirma Hastanesi Egitim Planlama
ve Koordinasyon Kurulu’ndan onay almistir (No: 2014/360, Tarih:
11.09.2014)

intihal Kontrolleri: Evet (iThenticate)

Cikar Catismasi: Yazarlar calisma ile ilgili ¢ikar catismasi beyan
etmemistir.

Sikayetler: hmj@hitit.edu.tr

Katki Beyant: Fikir/Hipotez: SDS, GU, BBD Tasarim: SDS, GU, BBD
Veri Toplama/Veri isleme: SDS, HE, IK, AKF, FG Veri Analizi: BBD
Makalenin Hazirlanmasi: SDS, GU, BBD, HE.

Hasta Onami: Calisma retrospektif bir calisma olarak dizayn
edildiginden ¢alisma icin bilgilendirilmis onam formuna gerek
yoktur.

Finansal Destek: Bu calisma ile ilgili herhangi bir finansal
kaynaktan yararlaniimamistir.

Telif Haki & Lisans: Dergi ile yayin yapan yazarlar, CC BY-NC 4.0
kapsaminda lisanslanan calismalarinin telif hakkini elinde tutar.

Peer Review: Evaluated by independent reviewers working in the
at least two different institutions appointed by the field editor.
Ethical Statement: This retrospective study received approval
from the Education Planning and Coordination Committee of Dr
Abdurrahman Yurtaslan Ankara Oncology Training and Research
Hospital (No: 2014/360, Date: 11.09.2014)

Plagiarism Check: Yes (iThenticate)

Conflict of Interest: The authors declared that, there are no
conflicts of interest.

Complaints: hmj@hitit.edu.tr

Authorship Contribution: Idea/Hypothesis: SDS, GU, BBD Design:
SDS, GU, BBD Data Collection/Data Processing: SDS, HE, iK, AKF,
FG Data Analysis: BBD Manuscript Preparation: SDS, GU, BBD, HE
Informed Consent: Since the study was designed as a
retrospective study, obtaining an informed consent form was not
required.

Financial Disclosure: There are no financial funds for this article.
Copyright & License: Authors publishing with the journal retain
the copyright of their work licensed under CC BY-NC 4.0.


https://orcid.org/0000-0002-8175-8678
https://orcid.org/0000-0002-0268-4747
https://orcid.org/0000-0002-6494-062X
https://orcid.org/0000-0003-3023-5356
https://orcid.org/0000-0003-4183-5824
https://orcid.org/0000-0002-8704-4633
https://orcid.org/0000-0002-8502-7880
https://doi.org/10.52827/hititmedj.1553149

The Diagnostic Accuracy of V/P Scintigraphy in Pulmonary Embolism and Superiority
of V/P SPECT to V/P Planar Scintigraphy

ABSTRACT

Objective: The aim of this retrospective study is to investigate the diagnostic accuracy of planar V/P scintigraphy
and V/P single-photon emission computed tomography (SPECT) in patients who referred to our clinic for V/P
scintigraphy with prediagnosis of pulmonary embolism (PE), as well as to investigate the contribution of V/P
SPECT technique to planar V/P technique.

Material and Method: The records of 204 patients, who were preliminarily diagnosed with PE within 1 year,
were retrospectively reviewed. In our investigation of the diagnostic accuracy of V/P scintigraphy in for PE, we
excluded three patients who only underwent perfusion scintigraphy and 20 patients whose final diagnoses could
not be confirmed. This left a total of 181 patients included in the statistical analysis. Furthermore, we evaluated
the contribution of SPECT to planar imaging in 48 patients, for whom V/P Scintigraphy were reported as positive
and whose final diagnoses confirmed PE.

Results: The sensitivity, specificity, negative predictive value, positive predictive value, and accuracy rate of
V/P SPECT were calculated as 98%, 94.7%, 99.2%, 87.3%, and 95.6%, respectively. For planar scintigraphy, they
were found to be 71.4%, 95.4%, 90%, 85.3%, and 88.9%, respectively. In SPECT, 13 (27.1%) patients who were not
compatible with pulmonary embolism (PE) on planar imaging were found to have findings consistent with PE. In
nine patients (18.8%), additional defects not observed on planar imaging were identified. Although the goodness
of fit with the final diagnosis of both methods was statistically significant, SPECT (95.6%) performed better than
planar (88.9%) imaging.

Conclusion: Consistent with previous studies, it was found that while both imaging methods were successful,
SPECT demonstrated higher diagnostic accuracy than planar scintigraphy in diagnosing PE. Therefore, it can be
hypothesized that V/P scintigraphy can be safely deemed the first-choice in the diagnosis of PE.

Keywords: Pulmonary Embolism, V-P Scintigraphy, SPECT.

OZET

Amag: Bu calismada pulmoner embolizm (PE) tanisinda, ventilasyon/perflzyon (V/P) planar sintigrafinin ve
tek foton emisyonlu bilgisayarli tomografi (SPECT)’nin tanisal dogrulugunu ve SPECT’in planar gorintilemeye
katkisini arastirmak amaclandi.

Gerec¢ ve Yontem: 1yil boyunca Pulmoner Embolizm (PE) 6n tanisi ile basvuran 204 hastanin kayitlari retrospektif
olarak incelendi. Pulmoner embolizmde V/P sintigrafinin tanisal dogruludu arastirilirken, sadece perfiizyon
sintigrafisi yapilan 3 hasta ve son tanisina ulasilamayan 20 hasta dislandi ve toplam 181 hasta istatistiksel analiz
calismasina dahil edildi. SPECT’in planar gorinttlemeye katkisi, V/P SPECT’ in PE ile uyumlu olarak raporlandidi
ve son tanisi PE olan 48 hasta degerlendirilerek yapildi.

Bulgular: 181 hasta g6z 6nlne alindiginda; V/P SPECT’in sensitivitesi %98 (48/49), 6zgulligu %94,7 (125/132),
negatif 6ngdri dederi %99,2, pozitif 6ngdri dederi %87,3 ve dogruluk orant %95,6 olarak hesaplandi. Planar
sintigrafiicin sirasiyla 71.4%, 95.4%,90% (126/140), 85.3 % (35/41) ve 88.9% olarak hesaplandi. SPECT gorintileme,
planar V/P sintigrafi ile PE tanisi konulamayan 13 hastada (%27,1) PE ile uyumlu sonuclarin raporlanmasini sagladi.
V/P SPECT ile 9 hastada takip sintigrafisinde 6nemli olabilecek ek lezyonlar (%18,8) tespit edildi. Her iki ydntemin
kesin tani ile uyumunun istatistiksel olarak anlamli oldugu gozlemlendi, ancak SPECT bulgularinin kesin tani ile
uyumunun (%95.6) planar bulgularin kesin tani ile uyumundan (%88.9) daha iyi oldugu géruldu.

Sonug: Onceki calismalarla benzer sekilde, V/P sintigrafide her iki gériintileme ydntemi de basarili olmasina
ragmen, SPECT’in planar gérintilemeye énemli dlclide katkida bulundugu ve SPECT’in PE tanisinda yUksek
hassasiyet, 6zgtllik ve dogruluk sagladigi bulundu.

Anahtar Sozciikler: Pulmoner Emboli, V/P Planar Sintigrafi, SPECT.
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Introduction

Pulmonary embolism (PE) is a prevalent obstructive
vascular disease with an annual incidence of
approximately 39-115 per 100,000. Due to the
high mortality rate in untreated cases, immediate
diagnosis and treatment are crucial (1,2,3). Thus, it
is essential to rapidly and accurately diagnose PE
to plan treatment successfully. Lung ventilation/
perfusion (V/P) scintigraphy is a non-invasive, fast
diagnostic procedure with low radiation exposure,
making it one of the preferred methods for diagnosing
PE. This process is based on identifying areas with
impaired pulmonary blood supply but preserved
alveolar ventilation (mismatch defects) (4).

Combined V/P scintigraphy enhances the diagnostic
specificity of PE and can provide further information
on alternate diagnoses such as pneumonia, chronic
obstructive pulmonary disease (COPD), and heart
failure. In selected cases such as pregnant patients
and suspected instances of massive embolism, it
is possible to use only perfusion scintigraphy (5).
Moreover, studies have indicated that both V/P
planar imaging, and V/P single-photon emission
computed tomography (SPECT) are highly effective
for diagnosing chronic thromboembolic pulmonary
hypertension (CTEPH). Additionally, perfusion SPECT
in conjunction with low-dose computed tomography
(CT)isareliable alternative method for those patients
for whom ventilation imaging is unsuitable (6).
During the COVID-19 pandemic, using only perfusion
scintigraphy without ventilation is more suitable as
ventilation scintigraphy might escalate the risk of
infection spread through aerosol leakage. Lung X-ray
imaging or SPECT/CT is preferable to evaluate lung
parenchyma in cases where ventilation scintigraphy
may not be performed (7,8).

SPECT is a scanning method utilized in nuclear
medicine. Images are acquired by rotating the gamma
camera 360 degrees around the patient, producing
three-dimensional data. The preparation of the
patient, along with the injection and inhalation of
radiopharmaceuticals, mirrors the procedures used
in planar imaging. SPECT is a readily applicable
technique aimed at enhancing diagnostic accuracy
in planar V/P without necessitating an additional
radiopharmaceutical injection. Studies affirm its
superior positive and negative predictive value, as

well as its objectivity in assessing PE (9). Occasionally,
SPECT may be fused with low-dose CT to perform
the hybrid imaging technique, SPECT/CT (10).

The objective of this retrospective study was
to evaluate the diagnostic accuracy of planar V/P
scintigraphy and V/P SPECT in patients referred
to out clinic for V/P scintigraphy with suspected
PE. Additionally, we aimed to analyze the added
diagnostic value provided by the /P SPECT technique
compared to the planar V/P technique.

Material and Method

This retrospective study received approval from
the Education Planning and Coordination Committee
of Dr Abdurrahman Yurtaslan Ankara Oncology
Training and Research Hospital (No: 2014/360, Date:
11.09.2014), and the need for informed consent was
thus waived.

Two hundred and four patients suspected of
having PE, who were referred to our clinic for V/P
scintigraphy over 1year (2014-2015), were considered
for the current study. A retrospective review of
their records was conducted. Three patients who
underwent only perfusion scintigraphy and another
20 patients for whom final diagnostic information
was unavailable, were excluded from the study.
Consequently, a total of 181 patients were included
in the statistical evaluation.

V/P Scintigraphy: Perfusion imaging was carried
out following the intravenous injection of 100-120
MBqg Technetium-99m macroaggregated albumin
(99mTc-MAA) while the patient was under the
camera in a supine position. The average particle
number applied was between 300,000-500,000
in patients with normal Pulmonary Artery Pressure
(PAP). However, in 23 patients with increased PAP, the
particle number was halved. Ventilation Scintigraphy
utilized Technegas, with ultrafine aerosol prepared
using specialized heating devices (Cyclomedia
tecnegasplus, Australia). The system’s ventilation set
was used for inhaling a radiotracer, established by
positioning double 550 MBq technetium in carbon
graphite. V/P imaging was completed using general-
purpose low-energy parallel hole collimators. Imaging
was conducted after 3-5 cycles of respiration, without
delay.

V/P imaging was performed using general-



purpose low-energy parallel hole collimators and
double-headed gamma detector cameras (Siemens
E-cam, Germany). The planar imaging utilized a
256 x 256 matrix with a 360-degree rotation angle,
taking eight views from four projections: anterior-
posterior, right anterior oblique-left posterior oblique,
right lateral-left lateral, right posterior oblique-left
anterior oblique. Each projection captured 500,000
counts. The SPECT study was conducted with a 64
x 64 matrix and a 360-degree rotation angle in 32
steps (one step every 10s in ventilation scintigraphy
and one step every 5s in perfusion scintigraphy).
Images were reconstructed using the back-projection
technique. A ‘Butterworth filter’ was employed for
filtering the images, which were then evaluated after
processing in workstations (Xeleris-GE).

In patients who underwent the 1-day protocol,
ventilation scintigraphy was performed first, followed
by perfusion scintigraphy without changing the
patient’s position. For the 2-day protocol, perfusion
scintigraphy was carried out on the first day, and
ventilation scintigraphy was performed on the
following day. There are no specific selection criteria
for either the 1-day or 2-day protocols. The 1-day
protocol requires a longer scanning time, so it was
preferred when the patient’s general condition
was stable. For both protocols, planar imaging was
conducted first, followed by SPECT imaging.

V/P Planar and V/P SPECT images were assessed
as either positive or negative for the presence of PE,
and non-diagnostic, in line with the main criteria
recommended by the European Association of
Nuclear Medicine (EANM) guidelines. The report
was based on findings from the V/P SPECT (5).

Images exhibiting at least one segmentary or
two subsegmentary mismatch defects on V/P
scintigraphy were classified as being consistent
with PE. A normal perfusion pattern, matched or
reverse mismatch defects of any number and size,
and mismatch defects that failed to align with the
lobar-segmentary or subsegmentary pattern were
documented as incompatible with PE. A variety of
V/P anomalies that were not specific to any disease
were reported as non-diagnostic or suspicious
findings.

Therefore, like previous studies, we based our final
diagnosis on clinical and laboratory findings, imaging
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results, treatment, and follow-up re-evaluation. Follow-
ups were conducted 6-12 months post-diagnosis,
using findings procured from the hospital database
(clinical, laboratory, control V/P scintigraphy, and
CT pulmonary angiography).

Statistical Analysis

The data gathered from V/P planar scintigraphy
and SPECT findings were statistically analyzed for
the detection of PE. The “Cochran’s Q test” was
used to determine if there was a correspondence
between the diagnoses, while the significance of
the distribution of the methods according to the
categories of presence or absence of embolism was
tested with the “pairwise comparisons” approach,
and the final diagnosis. The compatibility of SPECT
and planar methods with the final diagnosis was
analyzed using the “chi-square” goodness of fit
test. p-values <0.07 were considered significant.
The sensitivity, specificity, negative predictive
value (NPV), positive predictive value (PPV), and
accuracy of both planar scintigraphy and SPECT
were calculated. The contribution of SPECT to
planar imaging was analyzed for the true positive
patients (n = 48), these patients had positive V/P
scintigraphy results and were diagnosed with PE.

Results

In the study, 181 patients were included, of which
130 were women and 51 were men, with a mean age
of 60 £15.2 (age range: 19-88). The patients’ reasons
for seeking out a clinician, in order of frequency,
were chest-back pain, shortness of breath, and more
infrequently, a cough, palpitations, presyncope, and
occasionally, a combination of these symptoms. The
risk factors for PE in patients are shown in Table I.
Analyses were conducted with the 181 patients for
whom final diagnosis information was available
(Figure D).

Findings suggestive of PE were detected in 43
patients via planar scintigraphy and in 59 patients
via SPECT, whereas 158 patients were not accepted
as having PE based on planar scintigraphy (with no
defects, single sub-segmentary defects, or match/
reverse mismatch defects), and 142 patients were
excluded in the case of SPECT.

In 181 patients, SPECT imaging identified positive
scintigraphic findings compatible with PE in 13
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patients (271%) that were not detected by planar
V/P scintigraphy alone. Furthermore, V/P SPECT
allowed for clearer differentiation between suspicious
defectsin 8 patients (16.7%), and it revealed additional
defects in 9 patients (18.8%) (Figure II).

Figure I. Final Diagnosis of the Patients According to the
Results Obtained by Evaluating V/P Scintigraphy, PE: pulmonary
embolism, V/P: ventilation/perfusion

181 patients

RN

55 patients compatible with PE
inV /P scintigraphy

/ \

48 patients were
accepted as PE in
the final diagnosis
(87,3%)

126 patientsnot compatible with
FE inV /P scintigraphy

/\
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T patients were rnot.
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the final diagnosis
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the final dagnosis
(0,8%)

According to the results from the Chi-square
goodness of fit test, the correspondence between
SPECT and the final diagnoses was 95.6% [(125 + 48)
/ 181], a significantly notable finding (x2: 145.032;
p<0.07). Similarly, the agreement between planar
imaging and the final diagnoses was 88.9% [(126 +
35) /181], and this result was also significant (x2:
91.237; p <0.07). Although both methods’ goodness
of fit with the final diagnosis was statistically evident,
the SPECT findings’ concurrence with the final
diagnosis (95.6%) was substantially higher than
the final diagnosis concurrence with planar findings
(88.9%) (p=0.007; Table I)

Table I. The Frequencies of Patients’ Risk Factors for PE

Risk Factor Incidence (n:181)
Deep vein thrombosis 12 (6.6%)
Previous pulmonary embolism 6 (3.3%)
Malignancy 39 (21.5%)
Chemotherapy/Radiotherapy 19 (10.5%)
Obesity 77 (42.5%)
Recent operation/immobilization 4(2.2%)

Post-treatment control V/P scintigraphy was
administered to 8 out of 48 patients being treated

for embolism, and pulmonary CT angiography was
administered to 4 patients. Of the 8 who underwent
post-treatment V/P scintigraphy, 5 showed complete
disappearance of the defects that were observed
at the time of diagnosis, while in 2 patients, some
defects regressed and others disappeared. There
were new defects observed in 1 patient. Among
the patients who underwent post-treatment CT
angiography, no significant thrombus was observed
in 3 patients, yet findings suggestive of a thrombus
were still detected in 1 patient.

Table Il. Comparison of V/P Planar and SPECT Results with
Final Diagnosis

Final Diagnosis (n:181)
Accepted as PE | Not accepted as PE | p value
With PE 35 (71.4%) 6 (4.5%)
Planar - <0.01
Not with PE 14 (28.6%) 126 (95.5%)
With PE 48 (97.9%) 7 (5.3%)
SPECT - <0.01
Not with PE 1(21%) 125 (94.7%)

PE: pulmonary embolism, With PE: compatible with PE, Not with PE: not

compatible with PE

During the follow-up, conducted 6-12 months
post-treatment, clinical examination, imaging, and
laboratory tests (CT angiography, V/P scintigraphy,
D-dimer) indicated that symptoms had disappeared
in 38 patients. Complaints were reduced in 6 patients,
continued in 1 patient, and 3 patients died due to
malignant-metastatic disease.

At the time of diagnosis, Pulmonary CT angiography
was performed on 4 out of 7 patients who were
considered to be deemed positive for PE in V/P
SPECT (considered as false positive) but were not
ultimately diagnosed with PE. In the Pulmonary
CT angiography, the distal branches could not be
evaluated in 3 patients, and the study was reported as
suboptimal for 1 patient. In the follow-up examination,
it was observed that the complaints of 5 patients
persisted, while the complaints of 2 patients ceased.
In 1 patient (considered a false negative), whose
V/P scintigraphy was reported to be negative for
PE, the final diagnosis indicated the presence of
PE due to compelling clinical suspicion, taking into
account the patient’s age, symptoms, and existing
malignancy. The treatment for PE was initiated
and it was observed that the patient’s complaints
disappeared during follow-up.



Figure Il. A 68-year-old female patient, followed up for breast
cancer, presented to the chest diseases outpatient clinic with
complaints of shortness of breath that started 1 day ago.

A) On the V/P planar images (The lines from top to bottom are
as follows: sections of coronal perfusion, coronal ventilation,
sagittal perfusion, sagittal ventilation), a subsegmental defect
in the superior segment of the right lower lobe was observed,
although unclearly (arrow). B) In the SPECT perfusion scan,
perfusion defects were observed in the superior (arrow) and
posterobasal segments (curved arrow) of the right lower
lobe, as well as in the superior segment of the left lower lobe
(thick arrow). C) In SPECT ventilation scan, ventilation was
preserved in areas with perfusion defects (mismatch defects).
These mismatch defects were reported as consistent with
pulmonary embolism (PE). In the follow-up visit of the patient
at 6 months after the initiation of treatment, it was found
that her symptoms (the symptoms that lead to suspicion of
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pulmonary embolism) had disappeared.
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Considering the patients for whom we could
access the final diagnosis (n = 181); the sensitivity
of V/P SPECT was calculated to be 98% (48/49),
the specificity 94.7% (125/132), the NPV 99.2%, the
PPV 87.3%, and the accuracy was 95.6%.

The sensitivity for planar scintigraphy was found
to be 71.4% (35/49), specificity 95.4% (126/132), NPV
90% (126/140), PPV 85.3% (35/41), and accuracy
88.9%.

Discussion

Acute PE is a severe clinical presentation with a
high mortality rate in untreated cases (1). Whereas
the mortality rate for PE is approximately 25-30%
without treatment, it can be reduced to 2-8% with
proper and timely treatment. Pulmonary ventilation/
perfusion (V/P) scintigraphy is frequently employed
in diagnosing PE because of its non-invasive nature,
ease of use, affordability, low radiation dosage, and
high sensitivity (2).

This study demonstrated that V/P SPECT is highly
reliable for the diagnosis of pulmonary embolism
(PE), even without the inclusion of low-dose CT,
providing evidence that /P SPECT offers comparable
diagnostic performance to SPECT/CT in detecting
PE. Our findings highlight the utility of V/P SPECT
as an effective and non-invasive imaging modality
for PE diagnosis, aligning with previous studies that
support its high sensitivity and specificity.

In a study published by Bajc et al. in 2008, 2328
patients who underwent V/P SPECT due to suspected
PE were evaluated holistically. This approach, like
our study, concluded that V/P SPECT had both a
high negative and PPV (11).

Gutte et al. conducted a prospective study in 2010,
comparing V/P planar and SPECT/CT imaging with
41 patients. The study reported that the sensitivity of
V/P planar scintigraphy was 64%, with a specificity
of 72%. Sensitivity for V/P SPECT/CT amounted
to 100%, and specificity was 87%. Furthermore,
V/P SPECT/CT demonstrated superior diagnostic
accuracy, sensitivity, and specificity compared to
Multidetector CT (MDCT) (12). The likelihood of a PE
event following a negative MDCT of the pulmonary
arteries is 1.5%, whereas the possibility of PE in
follow-up after a negative V/P SPECT is at 0.4%
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(13). Generally, MDCT is seen as a more efficient
method for detecting larger and medium-sized
emboli, while V/P SPECT might be more beneficial
for lower-risk situations and smaller emboli (9).
Although untreated subsegmental thrombi might
not cause severe clinical issues, they can recur and
give rise to chronic PE and pulmonary hypertension
(14). Some studies suggest that a new generation
of MDCT angiography, offering better spatial and
temporal resolution, may be more sensitive than
previous iterations in detecting subsegmental thrombi
(14). Approximately 10-30% of patients cannot
undergo CT angiography due to kidney diseases
or contrast allergy. Moreover, V/P SPECT and V/P
SPECT/CT expose patients to lower radiation doses
in comparison to CT pulmonary angiography (14).
According to the National Institute for Health and
Care Excellence (NICE) guidelines, V/P scintigraphy
was used as the first-choice in patients with a contrast
allergy, renal insufficiency, and high radiation risk
(15). For cases involving contrast allergy, pregnancy,
and renal insufficiency - which are also mentioned
in current guidelines - this imaging modality should
be considered as the first-choice method.

In a retrospective study conducted by Gutte et
al.and published in 2009, V/P SPECT/CT and MDCT
were compared (9). Based on this study’s results,
Gutte et al. proposed that V/P SPECT, when combined
with low-dose CT, could offer excellent diagnostic
performance and thus be the first method of choice
in the diagnosis of PE.

In our study, the sensitivity and specificity of V/P
SPECT, even without low-dose CT, were as high as
those reported in the SPECT/CT results of Gutte et
al’s study (9). The differences observed between
the studies might be attributed to variations in study
designs, the technical methods of scintigraphy used,
and observer experiences.

In the 2019 EANM guidelines, V/P SPECT was
considered the first-choice method for PE diagnosis,
if available/applicable (10). Animportant advantage
of V/P SPECT over planar imaging is the reduction of
non-diagnostic/indeterminate results. In the study
by Leblanc et al., 18 (3%) out of 584 patients, Bajc
et al. reported 19 (1%) out of 2328 patients, and
Lemb et al. reported 5 (0.5%) out of 991 patients as
non-diagnostic when using V/P SPECT (10,16,17). A

study conducted by Reinartz et al.in 2004 compared
the V/P planar, SPECT imaging, and multi-spiral CT
methods. They found that SPECT had the highest
sensitivity, whereas CT had the highest specificity.
The numbers of accurate diagnoses in the study
population (n=83) were 67, 78, and 77 for the V/P
planar, V/P SPECT, and CT methods, respectively.
The study concluded that SPECT could replace the
planar method (18). We found that SPECT is highly
reliable for PE diagnosis, despite the absence of the
CT component. However, the CT component would
provide significant additional information regarding
parenchymal pathologies, particularly in situations
where ventilation scintigraphy is not preferred,
like during the COVID-19 pandemic. A systematic
review of perfusion-ventilation scans in COVID-19
patients concluded that SPECT/CT and perfusion
scintigraphy combination could aid in mitigating
diagnostic challenges associated with COVID-19
(19). The increased incidence of thromboembolic
events and suspected pulmonary embolism during
the COVID-19 pandemic has highlighted the valuable
contribution of Perfusion SPECT-CT in the investigation
of PE (20).

Our study has several limitations. First, this
study is a retrospective study conducted at a single
center. Another limitation is that not all patients
could undergo pulmonary angiography, the gold
standard test in diagnosing PE, due to its invasive
nature and unfeasibility at times. Furthermore, not
all patients received V/P scans during follow-up to
assess treatment efficacy.

Conclusion

Both V/P planar scintigraphy and SPECT imaging
were effective in diagnosing PE. However, SPECT
provided greater diagnostic value than planar
scintigraphy. Due to its low radiation exposure,
suitability for use in pregnant women, low rate of non-
diagnostic results, and high diagnostic performance,
V/P scintigraphy combined with SPECT imaging
should be an indispensable part of clinical practice.
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Comorbidity Profile of Familial Mediterranean Fever Patients Varies by Treatments

ABSTRACT

Objective: Comorbidities may have an impact on the patient’s quality of life and even survival. Treatment
resistance in Familial Mediterranean Fever (FMF) may indirectly indicate severe disease, with inflammation-
related comorbidities increasing as severity rises. In the literature, there are no sufficient studies regarding
comorbidities in FMF patients. In this study, we aimed to evaluate the comorbid conditions of patients according
to FMF treatment steps.

Material and Method: We retrospectively reviewed 740 patients with FMF treated at our rheumatology clinic
between May 2019 and March 2024. Patient characteristics, comorbidities, and FMF treatments of patients were
evaluated. Patients were grouped according to their FMF treatment: coated colchicine, compressed colchicine,
and IL-1 inhibition. Patients received treatments aligned with their disease activity, in accordance with current
reimbursement guidelines.

Results: The mean age (SD) of FMF patients was 40.7 (13.3) and 62.4% were female. Of the 44.7% all patients had
at least one comorbidity. The three most common comorbidities are hypertension (20%), hyperlipidemia (7%),
and depression (6.8%). The initial coated colchicine treatment was changed in a total of 24.5% to compressed
colchicine, further step up was done in 13.2% patients to IL-1 inhibition. Hypertension and chronic kidney disease
were more common in patients under IL-1 inhibitor treatment.

Conclusion: Our retrospective analysis shows that FMF patients, especially those in the IL-T inhibitor group,
frequently experience comorbidities like hypertension, hyperlipidemia, and depression, even though these
patients are younger, suggesting a potential link to severe disease. A comprehensive evaluation of comorbidities,
especially in severe disease, is essential to prevent complications, and improve quality of life.

Keywords: Colchicine, comorbidity, Familial Mediterranean Fever, hypertension.

OZET

Amag¢: Komorbiditelerin hastanin yasam kalitesi ve hatta sagkalimi Gzerinde etkisi olabilir. Ailevi Akdeniz Atesi
(AAA) hastalarinda tedaviye diren¢/basarisizlik, siddetli hastaligin dolayli bir gostergesi olabilir. AAA hastalik
siddeti arttikca, inflamasyon ve hasara bagl komorbiditeler de artabilir. Literatirde AAA hastalarinda, 6zellikle
de tedaviye direncli gruptaki eriskin hastalarda komorbiditelere iliskin yeterli calisma bulunmamaktadir. Bu
calismada, AAA tedavi basamaklarina gére hastalarin komorbid durumlarinin degerlendirilmesi amaclandi.
Gere¢ ve Yontem: Mayis 2019 ile Mart 2024 tarihleri arasinda romatoloji klinigimizde tedavi edilen 740 AAA
hastasi retrospektif olarak incelendi. Hastalarin demografik 6zellikleri, komorbiditeleri, ailede AAA 6ykUsi ve
AAA tedavileri degerlendirildi. Hastalar AAA tedavilerine gére kaplanmis kolsisin, sikistiriimis kolsisin ve IL-1
inhibitdérl olmak Gzere 3 gruba ayrildi. Hastalar, mevcut geri 6deme kilavuzlarina uygun olarak hastalik aktiviteleri
ile uyumlu tedaviler almistir.

Bulgular: AAA hastalarinin ortalama yasi (SD) 40,7 (13,3) ve %62,4’0 kadindi. Hastalarin %44,7’sinde en az bir
komorbidite vardi. En sik gérilen ¢ komorbidite hipertansiyon (%20), hiperlipidemi (%7) ve depresyondur
(%6,8). Baslangictaki kaplanmis kolsisin tedavisi toplam %24,5 hastada sikistirilmis kolsisin olarak dedistirilmis,
%13,2 hastada ise IL-1 inhibisyonuna gecilmistir. IL-1 inhibitori tedavisi gdéren hastalarda hipertansiyon ve kronik
bobrek hastaligi daha yaygindir.

Sonug: Retrospektif analizimiz, AAA hastalarinin, dézellikle IL-T inhibitdérd grubundakilerin, daha genc¢ olmalarina
ragmen, hipertansiyon, hiperlipidemi ve depresyon gibi komorbiditeleri siklikla yasadigini gdéstermektedir ve bu
da siddetli hastalik ve kronik inflamasyon arasinda potansiyel bir baglanti oldugunu distndirmektedir. Ozellikle
siddetli hastaligi olanlarda komorbiditelerin kapsamli bir sekilde degerlendirilmesi, komplikasyonlari 6nlemek ve
yasam Kalitesini artirmak icin gereklidir.

Anahtar Sozciikler: Ailevi akdeniz atesi, hipertansiyon, kolsisin, komorbidite.




Introduction

Familial Mediterranean Fever (FMF) is an
autoinflammatory disorder marked by recurrent
episodes of fever and serositis (1). It is linked to
mutations in the MEFV gene, following an autosomal
recessive inheritance pattern, with common mutations
including M680I, M694V, and V726A (2).

Colchicine is the primary treatment; however
5-15% of patients are resistant or intolerant to it (3).
In patients resistant or intolerant to colchicine, IL-1
inhibitors are the next line of approved treatments.
However, in specific cases, other treatments such
as tumor necrosis factor inhibitors for those with
chronic arthritis and IL-6 inhibitors for those with
amyloidosis can be used (4,5). There are differing
opinions on the use of IL-1 antagonists in FMF
treatment, with some suggesting they can be
administered either continuously or on-demand,
depending on the patient’s clinical presentation
(6). Recent studies have investigated the efficacy of
different colchicine preparations in FMF treatment
(7). Currently, colchicine preparations are divided
into compressed and coated (sugar coated). The
greater effectiveness of compressed colchicine is
attributed to its different pharmacokinetic properties
compared to sugar coated tablets (8). Compressed
colchicine also improved treatment response in
patients who were resistant or intolerant to coated
colchicine (9). These findings suggest that compressed
colchicine tablets may be a useful treatment option
for FMF patients prior to initiating biological agents,
particularly for those experiencing side effects
or an inadequate response to coated colchicine
(7,9). In line with this data, according to Turkiye’s
reimbursement rules, FMF patients are initially treated
with coated colchicine. If they exhibit resistance
or intolerant to this form, they are then prescribed
compressed colchicine. For patients whose disease
remains uncontrolled (characterized by persistent
inflammation or frequent attacks) after six months
of compressed colchicine therapy, IL-1 inhibitors,
such as anakinra and canakinumab, are added to the
treatment regimen. However, despite the expanded
treatment options in FMF, subclinical or chronic
inflammation can be seen in 15-25% of FMF patients
(10). These treatment steps can be considered as
an indicator of disease severity.

Comorbidity Profile of Familial Mediterranean Fever Patients Varies by Treatments ﬁ.\% HM] -

All chronic inflammatory rheumatic diseases
(CIRDs) are associated with an increased risk of
comorbidities, such as cardiovascular diseases,
malignancies, infections, gastrointestinal diseases,
osteoporosis, and depression (11,12). However,
data on FMF and comorbidities in the literature are
limited. Comorbidities in FMF are mainly studied in
pediatric patients and are categorized into three
groups: inflammation-related, FMF associated, and
incidental (13). In a study, 158 adult FMF patients
were evaluated, and the frequency of non-FMF-
associated comorbidities was 21% and the most
common comorbidity was hypertension (14).

Although research on FMF related conditions
exists, there is a notable lack of studies focusing on
comorbidities, particularly among adult FMF patients.
Additionally, no studies have explored the relationship
between FMF disease severity, treatment strategies,
and the presence of comorbidities. Evaluating this
situation is particularly important in our country,
where FMF is prevalent, and colchicine preparations
with different pharmacokinetic properties are used
before IL-1inhibition. As in other CIRDs, awareness
of comorbidities in FMF plays an important role in
disease management. Since FMF is a disease with
a long course, awareness of the accompanying
comorbidities will contribute to the patient general
well being. This study aimed to address this gap
by assessing comorbidities in FMF patients and
examining whether severe disease is associated
with these comorbidities.

Material and Method

The FMF patients who were followed at Ankara
Bilkent City Hospital evaluated retrospectively between
May 2019 and March 2024. Patients diagnosed with
FMF by a rheumatologist were included in the study.
Patients under 18 years of age and patients with
any other rheumatological disease accompanying
FMF were excluded from the study. Demographic
variables, family history of FMF, FMF treatments, and
comorbidities of patients were evaluated. The screened
comorbidities from records were hypertension,
diabetes mellitus, hyperlipidemia, coronary artery
disease, arrhythmia, chronic kidney disease (CKD),
non-renal amyloidosis, chronic obstructive pulmonary
disease, asthma, thyroid disease, depression,
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demyelinating diseases, neuropathy (non-diabetic),
cerebrovascular disease, osteoporosis, and history of
malignancy. The accompanying comorbidities were
obtained from the medical records of the patients.
We grouped patients based on their treatments.
Because Turkiye’s reimbursement guidelines allow
different treatment options according to disease
severity in patients with FMF. In Tlrkiye, coated
colchicine is the first-line treatment for FMF, while
compressed colchicine (sourced from abroad) is used
for patients who are resistant to the coated form.
According to the national healthcare reimbursement
rules, both forms of colchicine must be attempted
before progressing to IL-1 inhibitors. Thus, FMF
treatments were categorized into three groups:
coated colchicine, compressed colchicine, and IL-1
inhibition. Patients initially receiving coated colchicine
were transitioned to compressed colchicine if they
exhibited colchicine resistance or intolerance.
Colchicine resistance was defined as experiencing
at least one attack per month despite taking the
maximum tolerated dose of colchicine for a minimum
of three months, along with elevated levels of
C-reactive protein and serum amyloid A between
attacks. If resistance or intolerance continued with
compressed colchicine, IL-1inhibitors were added in
for these patients. Additionally, if amyloidosis was
detected at any stage, IL-1inhibition was introduced
alongside colchicine treatment.

The study was conducted in accordance with
the Declaration of Helsinki. The Ethics Committee
of Ankara Bilkent City Hospital No 1 approved
the study protocol (Date:06/09/2023, Ethical
approval number: E1-23-3897). Statistical analyses
were conducted using Jamovi v2.3.22 (Sydney,
Australia). Both visual methods (such as histograms
and probability plots) and analytical methods (like
the Kolmogorov-Smirnov test) were employed to
assess the normality of the variables. Continuous
variables that followed a normal distribution were
presented as mean * standard deviation (SD).
Categorical variables were expressed as numbers
and percentages. Comparisons between groups were
performed using ANOVA for continuous variables
and the chi-square test for categorical variables.
Further pairwise comparisons were conducted using
the Bonferroni method to adjust for multiple testing
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and minimize the risk of Type | error.

Results

The study included 740 FMF patients. The mean age
(SD) of FMF patients was 40.7 (13.3), and 62.4% were
female. Among all FMF patients, 75.4% were receiving
coated colchicine, 13.3% were receiving IL-1inhibitors
with colchicine, and 11.3% were receiving compressed
colchicine. The initial coated colchicine treatment
was changed in a total of 24.5% to compressed
colchicine, a further step up was done in 13.2% to
IL-Tinhibition. 44.7% of all patients had at least one
comorbidity. The three most common comorbidities
were hypertension (20%), hyperlipidemia (7%) and
depression (6.9%).

Table I. Demographic characteristics and comorbidities of
the FMF patients

Coated —fCompressed |\ 4; e | Al
colchicine, | colchicine, n=98 atients p value
n=588 n=84 P

?5’55 veanmean | 415a36) | 381021 | 38219 |4077133) | 0.020
Femalen(%) | 355(60) | 54(64) | 53(54) [ 462(60) | 0.350
Family history of
FMF, n (%) 73(13) 19(23) 12312) 104 14) | 0035
/:?;)wmorbldlty' 238 (4D 37.32) 56 (57) 321(42) | 0002

0.
rlypertension. ma9) 10 (12) 28 (29) 149.19) | o015
n (%)
Diabetes
mellitus, n (%) 366 4% 5(5) 45(6) | 0.900
Hyperlipidemia,
n (%) 39 6 7D 527 | 0970
Coronary artery
disease, n (%) @ 2 Q) 14(2) 0.800
Arrhythmia,
n (%) 0@ 1M 0 100 | 0640
Chronic kidney
disease, n (%) B@ 0 20 (20) 33(4) | <o0.001
Non-renal
amyloidosis, 2(0.3) 0 100 3(0.4) 0.560
n (%)
Chronic
obstructive
pulmonary 7M 34 1M 1) 0.170
disease, n (%)
Asthma, n (%) 33(6) 3(4) 3(3) 39 (5) 0.580
Th}:rOId disease, 29(5) 465 10 76 0,990
n (%)
Depression,
n (%) 44(8) 4(5) 3(3) 517) | 0.200
Demyelinating
diseases, n (%) 3M 10 0 405) | 0430
Neuropathy
(non-diabetes 4(1) 0 0 4(05) 50.999
mellitus), n (%)
Cerebrovascular
disease, n (%) 3M 0 33) 6() | 0060
Osteoporosis,
n (%) B@ O) () 152 | 0900
Malignancy,
n (%) 3005 1M 2 6N 0150

FMF: Familial Mediterranean fever, IL-1: Interleukin-1, SD: Standard deviation



Demographic characteristics and comorbidities
of FMF patients according to treatment groups was
shown in Table I. The mean age of patients in the
coated colchicine group was higher than in patients
receiving both compressed colchicine and IL-1
inhibition. Gender distribution was similar between
groups (p=0.350). The frequency of patients with a
family history of FMF was higher in the compressed
colchicine group than in the coated colchicine
and IL-1 inhibitor groups (23% vs. 13% and 12%,
p=0.035, respectively). Comparison of FMF patients
comorbidities according to treatment groups; at
least one comorbidity was observed in 57% of IL-1
inhibitor group, 41% coated colchicine group, and
32% compressed colchicine group. The frequency
of hypertension and chronic kidney disease was
higher in the IL-1inhibitor group than in the coated
colchicine and compressed colchicine groups (29%
vs. 19% and 12%, p=0.015, and 20% vs. 2% and 0%,
p<0.00I, respectively). In the subgroup analysis,
any comorbidity was significantly more prevalent
in the IL-Tinhibitor group (n=56/98, 57%) compared
to the compressed colchicine group (n=27/84, 32%;
p<0.007) and the coated colchicine group (n=238/588,
41%; p=0.004). Hypertension was found to be more
common in the IL-Tinhibitor group (29%) compared
to the compressed colchicine group (12%; p=0.006).

Chronic kidney disease was significantly more
common in the IL-1 inhibitor group (n=20/100,
20%) compared to both the compressed colchicine
group (0%; p<0.007) and the coated colchicine
group (n=13/588, 2.2%; p<0.007). Family history was
more common in the compressed colchicine group
(n=19/84, 23%) compared to the coated colchicine
group (n=73/588, 12%; p=0.011). Other variables,
including age, gender, and other comorbidities,
showed no statistically significant differences across
the treatment groups.

Discussion

The key finding of our study was that almost half of
the FMF patients, who were in their 40s on average,
had a comorbidity. Our patients with FMF were largely
treated with coated colchicine (75.4%), followed by
IL-1 inhibitors (13.3%) and compressed colchicine
(11.3%), as expected. Treatment adjustments were
necessary for 24.5% of patients due to resistance
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or intolerability. We used treatment groups as a
reflection of severe disease. The IL-1inhibitor group
displayed the highest comorbidity burden (57%),
particularly with hypertension (29%) and chronic
kidney disease (20%), compared to the coated and
compressed colchicine groups. This trend suggests
that these patients may have more complex clinical
profiles, potentially due to organ damage. The
findings emphasize the need for individualized
screening strategies, particularly for patients with
severe disease.

FMF is associated with subclinical or chronic
inflammation, which can persist even between
acute attacks. Persistent inflammation affects
15-25% of FMF patients, primarily due to active
disease or comorbidities like spondyloarthritis and
inflammatory bowel disease. Predictors include
male gender, M694V homozygosity, colchicine
resistance, and musculoskeletal attack dominance.
Chronic inflammation is a significant risk factor for
developing amyloidosis and other forms of organ
damage (10). These findings highlight the importance
of monitoring and managing chronic inflammation in
FMF patients and carriers to prevent complications
and improve outcomes. Colchicine is the primary
treatment, but 5-15% of patients may not respond
adequately despite optimal dosing (3,15,16). For
colchicine-resistant or intolerant patients, IL-1
inhibitors showed substantial efficacy in reducing
FMF flare frequency, managing inflammation, and
improving patients’ quality of life (17). Other treatment
options for managing FMF include anti IL-6 agents,
intra-articular glucocorticoids, nonsteroidal anti-
inflammatory drugs, and disease-modifying anti-
rheumatic drugs for chronic arthritis (18). In our
study, initial colchicine therapy was adequate for
75% of patients, whereas 25% of patients needed
a step up. Among these, 11.3% of the whole cohort
could be controlled with compressed colchicine.
However, 13.3% required IL-1 inhibitor therapy. We
excluded FMF patients who had accompanying
other rheumatological diseases.

In fact, all chronic inflammatory rheumatic
diseases (CIRDs) are associated with an increased
risk of comorbidities, including cardiovascular
disease, infections, malignancies, gastrointestinal
diseases, osteoporosis, and depression (19,20). These



comorbidities also contribute to higher healthcare
costs, lower quality of life, and increased mortality
rates in CIRD patients (12). Early detection and
management of comorbidities should be an integral
part of rheumatology patient care to improve overall
health outcomes and reduce the risk of complications
(21). When the coincidental comorbidities in FMF
patients are analyzed, studies show that the frequency
of osteoporosis is higher. In addition, anxiety and
depression scores in quality-of-life assessments are
more significantly affected (13,22). However, there are
a limited number of studies in the literature addressing
comorbidities in FMF patients. In a study by Tezcan et
al. which evaluated non-FMF-associated comorbidities
in 158 adult FMF patients, the comorbidities rate
was found to be 21%, with hypertension as the
most common one. The comorbidities assessed in
this study included hypertension, hypothyroidism,
hyperthyroidism, cardiovascular diseases, coronary
artery diseases, cerebrovascular diseases, chronic
renal disease (non-FMF related), chronic obstructive
pulmonary diseases, and diabetes mellitus. In addition,
in this study, the authors categorized FMF patients
into two groups as mild and severe, based on the
international severity scoring system for FMF criteria.
Comorbidities were more prevalent in the severe
FMF group compared to the mild group (39.1% vs.
18.5%, p=0.02) (14). Unlike Tezcan et al, half of all FMF
patients in our study had at least one comorbidity.
This discrepancy between the two studies may
stem from the different FMF-related comorbidities
evaluated. Nevertheless, similar to Tezcan et al.’s
findings of an increased comorbidity rate among
patients with high disease activity, our results also
indicated a higher frequency of comorbidities among
those receiving IL-1 inhibitor.

In our study, hypertension was the most common
comorbidity, affecting 20% of all patients. Its prevalence
was notably higher among patients receiving IL-1
inhibitor treatment, where it reached 29%. CKD was
observed in 4% of all FMF patients. Additionally,
the incidence of CKD alongside hypertension was
significantly greater in the IL-1 inhibitor group
compared to other groups. The risk of renal disease is
known to increase in FMF patients. While amyloidosis
related to the disease can affect multiple organs, the
risk of renal amyloidosis is particularly elevated, often
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leading to proteinuria and CKD (23). CKD is thought
to be strongly associated with renal amyloidosis.
However, as our study relied on medication records
rather than file reviews, and because the presence of
renal biopsy in CKD patients could not be confirmed,
we are unable to present conclusive data regarding
amyloidosis. The rate of patients diagnosed with CKD
in our study aligns with the reported prevalence of
amyloidosisin the literature, which ranges from 2%
to 10% (13,24). Chronic inflammation contributes
to hypertension pathophysiology, with innate and
adaptive immunity raising blood pressure through
vascular inflammation and microvascular remodeling
(25). The inflammation-hypertension relationship
is bidirectional, with each condition potentially
worsening the other (26). In patients at risk for
renal disease, evaluating and managing coexisting
hypertension may improve renal and cardiovascular
health. On the other hand, hypertension is known
to be one of the risk factors of CKD. High blood
pressure increases the risk of development and
progression of CKD (27). Hypertension and CKD are
more common in patients on IL-1 treatment, likely
due toresistant FMF and chronic inflammation. The
fact that patients with any comorbidity were more
common in the IL-1 inhibitor group may be related
to the higher rates of hypertension and CKD in this
group. Thus, managing both conditions is crucial
for comprehensive FMF care.

Hyperlipidemia is the second most common
comorbidity with 7% among all FMF patients. Chronic
inflammation is a critical factor in the development
of atherosclerosis and cardiovascular diseases,
with hyperlipidemia being closely associated with
inflammatory status (28). The relationship between
inflammation and dyslipidemia is also bidirectional,
lipids can activate inflammatory pathways, while
cytokines can disrupt lipid metabolism (29). This
interaction can create a vicious cycle of inflammation-
dyslipidemia-inflammation, perpetuating both
conditions (30). In our study, while hyperlipidemia
was a notable comorbidity, there was no significant
differenceinits prevalence across the three patient
groups, regardless of the treatment they were
receiving. This suggests that other factors, potentially
related to the underlying inflammatory process of
FMF itself, may contribute more prominently to the
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development of hyperlipidemia in these patients.

Depression was the third most common comorbidity
among FMF patients in our study, with a prevalence of
6.9%. Inflammatory diseases, including FMF, are linked
to higher rates of depression, as chronic inflammation
and depression can mutually exacerbate each other
(31,32). FMF patients often experience increased
rates of depression, frequently accompanied by
anxiety and sleep disturbances, which have been
associated with higher disease activity (33,34). FMF
also restricts daily activities, increases absenteeism
and presenteeism, and negatively impacts work
performance, which may contribute to mood disorders.
Identifying and managing mood and sleep disorders
are crucial for improving patient outcomes, as
addressing these symptoms can enhance overall
quality of life (35). While depression was more
prevalent than comorbidities like hyperlipidemia, no
significant difference was observed across the three
treatment groups. Given the diagnostic challenges
of depression, more targeted studies are needed to
clarify potential differences between FMF treatment
groups.

This study has several limitations. As it was
retrospective and based on patient medication
records, some data was incomplete. The frequency
of comorbidities might differ from that observed in
community-based screenings. Another limitation is
that acute phase values or disease severity score
scales could not be used when comparing treatment
groups. While patients with known CKD were included,
renal biopsy results were unavailable. Additionally,
FMF-related comorbidities and MEFV genetic results
could not be assessed due to data access issues,
which limited analysis of genetic associations. The
switch from coated to compressed colchicine due
to intolerance may not indicate true colchicine
resistance, meaning transitions in FMF treatment
may not always reflect uncontrolled inflammation.
Another limitation is the lack of duration data
regarding medical treatments and comorbidities.

In conclusion, our retrospective analysis of FMF
patients revealed that hypertension, hyperlipidemia,
and depression are common comorbidities. While FMF
is primarily an inflammatory rheumatologic disease
marked by attacks, these comorbidities may be linked
to underlying subclinical or chronic inflammation.

Particularly in patients requiring IL-1 inhibitors,
comprehensive evaluation of comorbidities is essential
for better management of end-organ damage,
reducing complications, and improving quality of life.
It is crucial to assess FMF patients not only for the
disease itself but also for accompanying symptoms
and comorbidities, employing a multidisciplinary
approach when needed.
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Effect of Preanesthetic Assessment Timing on Preoperative Anxiety in Ambulatory
Surgery Patients

ABSTRACT

Objective: Preoperative anxiety is a prevalent concern among ambulatory surgery patients. Besides controversial
findings between preoperative anesthesia evaluation and anxiety in ambulatory surgical patients, its optimal
timing on anxiety levels remains unclear. This study aimed to explore the impact of preoperative anesthesia
evaluation timing on anxiety levels in patients undergoing ambulatory surgery.

Material and Method: A prospective, non-randomized, observational study was conducted between May 2016 and
August 2016. Adult patients scheduled for elective surgery under local anesthesia with sedation were included.
Participants were divided based on the timing of anesthesia evaluation: Group OP (evaluated before surgery) and
Group AS (assessed on the day of surgery). Preoperative anxiety was measured using the Spielberger State-Trait
Anxiety Inventory (STAI) and Visual Analog Scale (VAS) at two time points: just before preoperative anesthesia
evaluation (Score 1) and immediately before surgery (Score 2).

Results: The study comprised 144 patients, with 72 in each group. No significant differences between groups
were observed in baseline sociodemographic characteristics (p>0.05), except for significantly older patients
in Group OP than those in Group AS (p=0.030). Median STAI-S, STAI-T, and VAS scores (Score 1) showed no
significant differences between groups (p>0.05). Both groups significantly increased STAI-S scores between
Score 1 and Score 2 measurements (p=0.015 for Group OP and p<0.001 for Group AS). Nevertheless, changes
between Score-1 and Score-2 values of STAI-S scales were similar (p=0.962). STAI-S scores were significantly
correlated with VAS scores separately in Groups OP and AS at two different time points (p<0.05).

Conclusion: The timing of preoperative anesthesia evaluation, whether conducted before or on the day of surgery,
did not significantly affect preoperative anxiety levels in ambulatory surgery patients.

Keywords: Ambulatory surgical procedures, anesthetic assessment, preoperative anxiety, state-trait anxiety
inventory, visual analogue scale.

OZET

Amag: Preoperatif anksiyete, ambulatuvar cerrahi hastalari arasinda yaygin bir endise kaynagidir. Ameliyat 6ncesi
anestezi degerlendirmesi ile ambulatuvar cerrahi hastalarindaki anksiyete arasindaki tartismali bulgulara ragmen,
bu degerlendirmenin anksiyete dizeyleri Uzerindeki optimal zamanlamasi belirsiz kalmaktadir. Bu calismanin
amaci, preoperatif anestezi degerlendirmesi zamaninin ambulatuvar cerrahi gecirecek hastalarin ameliyat 6ncesi
anksiyete dizeyleri Gizerindeki etkisini arastirmaktir.

Gere¢ ve Yontem: Mayis 2016 ile Agustos 2016 arasinda, prospektif, non-randomize, gbzlemsel bir calisma
planlandi. Lokal anestezi altinda sedasyon ile elektif cerrahi planlanan yetiskin hastalar dahil edildi. Katilimcilar,
anestezi degerlendirmesinin zamanlamasina gore iki gruba ayrildi. Anestezi dederlendirmesi cerrahi gininden
once yapilan hastalar Grup OP ve cerrahi giint yapilan hastalar Grup AS olarak tanimlandi. Preoperatif anksiyete,
preoperatif anestezi degerlendirmesinden hemen 6nce (Skor 1) ve cerrahiden hemen 6nce (Skor 2) olmak Uzere
iki farkli zaman diliminde Spielberger Durum-Sirekli Anksiyete Envanteri (STAI) ve Gérsel Analog Skala (VAS)
kullanilarak élcald.

Bulgular: Calismada144 hastaolup, herbirgrupta 72 hasta bulunmaktadir. Gruplar arasinda temel sosyodemografik
Ozellikler acisindan, Grup OP’de anlamli olarak daha ileri yasi olan hastalar olmasi disinda (p=0,030), anlamli
bir fark gézlenmedi (p>0,05). Medyan STAI-S, STAI-T ve VAS skorlari (Skor 1) arasinda gruplar arasi anlamli bir
fark bulunmadi (p>0,05). Her iki grup da Skor 1 ve Skor 2 dlcimleri arasinda STAI-S skorlarinda anlamli bir artis
gosterdi (Grup OP icin p=0,015 ve Grup AS icin p<0,007). Yine de, Skor-1 ve Skor-2 degerleri arasindaki STAI-S
6lceklerindeki degisiklikler benzerdi (p=0,962). STAI-S skorlari, iki farkli zaman noktasinda Grup OP ve AS icinde
ayri ayri VAS skorlari ile anlamli olarak korele oldugu saptandi (p<0,05).

Sonug: Preoperatif anestezi degerlendirmesinin cerrahi 6ncesi veya cerrahi gtiniinde gerceklestirilmis olmasinin,
ambulatuvar cerrahi hastalarindaki preoperatif anksiyete diizeyleri Gzerinde anlaml bir etkisi bulunmamaktadir.
Anahtar Soézciikler: Ambulatuvar cerrahi islemler, anestezi degerlendirme, durum-strekli anksiyete envanteri,

gorsel analog skala, preoperatif anksiyete.
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Introduction

Preoperative anxiety, stemming from concerns about
pain, surgery, unfamiliar surroundings, anticipation
of incapacitation, loss of independence, and even
mortality, poses a significant challenge (1-3). In the
literature, the prevalence of preoperative anxiety in
adult patients has been reported as high as 80%,
emphasizing the importance of addressing related
psychological and physiological aspects (1,4,5).
Given the profound effects of preoperative anxiety
on information retention, increased anesthetic
requirements, and elevated risks of acute and chronic
postoperative pain, various strategies, including
premedication and informative interventions, have
been proposed to manage its multifaceted effects
(1,2,6).

Ambulatory surgery has gained popularity over
the years in parallel with advances in perioperative
anesthetic and surgical techniques (4,7). Preoperative
anesthetic assessment has proven helpful in optimizing
the preoperative medical status of surgical patients
and improving overall care. On the other hand, day-
case surgeries, which do not require a prior hospital
visit, offer a potential solution to the challenges
associated with facility capacity (8,9). However,
there are concerns that anxiety and stress levels
may be higher in ambulatory surgery patients due
to inadequate pre-surgical information (10).

The optimal timing of various pharmacological
and nonpharmacological anxiety interventions is
unclear (6). A systematic review concluded that
the timing of providing pre-surgical information
had no significant impact on perioperative anxiety
levels (11). In contrast, another study reported that
a virtual reality experience immediately before the
induction of anesthesia was more effective in reducing
preoperative anxiety and distress levels in children
compared to providing standard verbal information
or performing interventions at outpatient clinics
several days before the induction of anesthesia
(2). Various studies highlighted the benefits of
preoperative anesthesia consultation on anxiety
levels (5,12). Additionally, several studies compared
the outcomes of preoperative anesthesia given
at different times and locations (13,14). However,
findings in the literature on the relationship between
preoperative anesthetic assessment and anxiety

levels are contradictory. Moreover, none of these
studies specifically addressed ambulatory surgery
patients.

In this context, this study was carried out to
determine the preoperative anesthetic assessment’s
impact on the anxiety levels of ambulatory surgery
patients and its optimum timing based on this impact.

Material and Method

Study Design

This study was designed as a prospective, non-
randomized, observational study. The Dokuz Eyll
University Non-Interventional Research Ethics
Committee approved the study protocol on 21.04.2016
(Approval number: 2016/11-14). The study was
conducted in accordance with the ethical principles
outlined in the Declaration of Helsinki. Written
informed consent was obtained from all patients.

Population and Sample

The study population consisted of adult
ambulatory patients scheduled for elective plastic
and reconstructive surgery under local anesthesia
with sedation in Dokuz Eylul University Hospital,
Outpatient Surgical Unit, Izmir, Turkey, between
May 2016 and August 2016. Patients who were not
fluentin Turkish, had lll or higher American Society of
Anesthesiologists (ASA) physical status, psychiatric
or neurological disorders, cooperation problems,
impaired cognitive function, and long-standing
alcohol use were excluded from the study. The sample
was divided into two groups based on the timing of
the preoperative anesthesia evaluation: Group OP
consisted of the patients who were assessed at the
outpatient clinics at least two days before the surgery,
and Group AS consisted of the patients who were
assessed in the ambulatory surgery unit on the same
day of the surgery. The sample size was calculated
based on the STAI scores of preoperatively informed
patients (15). Accordingly, it was determined that
each study group must have at least 63 patients,
assuming a power of 95% and an alpha error of
0.05 to detect at least a 15% difference in the STAI
scores. Considering a possible drop-out rate of 15%,
we included 72 patients in each group. In the end,
the study sample consisted of 144 patients. When
the target number of 72 patients was reached in
each group, the enrollment of new patients in the
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study was terminated.

Preoperative Anesthetic Assessment

Per the institutional policy, all patients scheduled
for surgery were instructed to visit the Department
of Anesthesiology and Reanimation Outpatient
Clinics at least two days before the surgery for a
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were repeated when necessary. Attending surgeons
were responsible for administering local anesthesia
injections.

Table Il. Intra and intergroup comparisons of the groups’
STAIl-State and Trait Anxiety and VAS scores

preoperative anesthetic assessment. Preoperative Gr(ougz)OP Gr(ougz»;«s p*
. . n= n=

anesthetic assessments of patients who have nothad  [g7as

a preoperative anesthetic assessment until theday [

of surgery are conducted by the anesthesia teamin STAIST | 335[200-530] | 340[200-570] | 0938
the Ambulatory Surgery Unit on the day of surgery. STAI'S2 | 380120.0-630] | $85[200-630] | 087

p** 0.015 <0.001
Table I. Sociodemographic characteristics of the groups ASTAI-S'[  2.5[-18.0-35.0] 3.0[-20.0-17.0] | 0.962
Group OP Group AS STAI-T
(n=72) (n=72) P '

Age (year) 40.5[18.0 - 64.0] | 33.0[18.0 - 80.0] | 0.030* STAI-T-1 | 41.0[22.0-60.0] | 37.5[26.0-54.0] | 0.051
Age groups ' VAS '

18-34 Years 28 (38.9) 38 (528 VAS1 | 200[00-900] | 250[0.0-100.0] | 0.253
35-50 Years 27 (37.5) 25 (34.7) 0.132**

vAS-2 | 30.0[0.0-100.0] | 30.0[0.0-100.0] | 0.766

>50 Years 17 (23.6) 9(12.5)

Sex ' p* 0.010 0.510

Female 3143 32(444 0.999* AVAS' | 0.0[-90.0-90.0] | 0.0[-40.0-50.0] | 0.089
Male 41(56.9) 40 (356) Footnote: Table Il provides intra and intergroup comparisons of the STAI-
Educational status * State and Trait Anxiety and VAS scores. The t symbol indicates that values
Primary school 12 (16.7) 15 (20.8) are presented as median and range [Minimum-Maximum]. The STAI-S and
High school 24 (33.3) 17 (23.6) 0.419** STAI-T represent the State-Trait Anxiety Inventory for State and Trait anxiety,
University or higher 36 (50.0) 40 (55.6) respectively, while VAS stands for Visual Analog Scale. Statistical test symbols
Occupation * are defined as follows: *. The Mann-Whitney U test compares median values
Worker 25 (34.7) 19 (26.8) between the two independent samples. **. The Wilcoxon test is employed to
Self-employment 1(15.3) 22 (31.0) assess the significance of differences within groups.

Retired 16 (22.2) 12 (16.9) 0.065**

Housewife 14 (19.4) 7 (9.9 .

Student 663) 5.5 Anxiety Level Assessment

Marital status ' The State-Trait Anxiety Inventory (STAI) developed
zarr;ed ;1; Sii; éi S;i; 075+ | by Spielberger et al. (16) and the Visual Analog Scale

ingle . . . y .
Smoking ' 27375 26 G360 0999 (VAS) (117) were used to ass.ess patlen.ts anxiety
. - levels. Both tools were administered twice at two-
. X 53(73.6) 50 (69.4) 0.712 . . . . .

experience time points: immediately before the preoperative
Number of N . . . . .
operations ’ 10010-60] [ 10[1.0-3001 | 0741 anesthetic assessment (Time Point 1) and immediately

Footnote: Table | displays the sociodemographic characteristics of the groups. The
tsymbol indicates values presented as median and range [Minimum-Maximum].
The t symbol signifies that data are shown in number and percentage format
(n (%)). Statistical test symbols are defined as follows: *. The Mann-Whitney
U test compares median values between two independent samples. **. The
Pearson Chi-Square test is employed to assess the significance of differences
in categorical data across groups.

Anesthesia Procedure

A uniform anesthesia protocol featuring local
anesthesia under sedation was applied to all patients
instead of sedative premedication with anxiolytics.
Sedative medications were administered to the
patients by the attending anesthesiologists. Dosages

before the surgery (Time Point 2).

STAl scaleis a 4-point Likert-type scale consisting
of two subscales, i.e., STAI-State (STAI-S) and STAI-
trait anxiety (STAI-T), each comprising 20 items.
While STAI-S reflects acute situational-driven anxiety
at a particular moment, STAI-T assesses individual
differences in anxiety proneness and a person’s
general anxiety levels (17,18). Each item is assigned
a score ranging from 1 (not at all) to 4 (very much
s0). A total score between 20 (no anxiety) and 80
(maximum anxiety) can be obtained from each STAI
subscale (10, 12). The Turkish validity studies of the
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scale were carried out by Oner and Le Compte (19).
STAI-S and STAI-T scores above 44 are considered
to indicate high preoperative and general anxiety
levels (20).

Table lll. Incidences of higher levels of preoperative and general
anxiety in the groups.

Group Group
OoP AS p
(n=72) (n=72)
STAI-
State '
High preoperative anxiety-1 10
(STAI-S-1, >45) 10@222) 139) 9279
High preoperative anxiety-2 18
(STAI-S-2, >45) 25 (319) (25.0) 0.460
STAI-
Trait ' | igh anxiety-1 (STAI-T-, >45) |24 (33.3) 1(;3 6 0268

Footnote: Table Ill summarizes the incidences of higher levels of preoperative
and general anxiety in the groups. The  symbol signifies that data are shown
in number and percentage format (n (%)). STAI-S and STAI-T represent the
State-Trait Anxiety Inventory for State and Trait Anxiety, respectively. The
Pearson Chi-Square test is used to assess the significance of differences in

categorical data across groups.

In addition, within the scope of VAS, patients
were asked to mark their anxiety levels on a scale
ranging from O (no anxiety) to 100 (worst anxiety
imaginable) (1, 17).

Table IV. Correlation analysis of STAI-S, STAI-T, and VAS scores
in the study groups.

Group OP Group AS

r p r p
STAI-S-1 - | STAI-T-1 0.612 | <0.001 | 0.435 | <0.001
STAI-S-1 - | VAS-1 0.522 1 <0.007 | 0.628 | <0.001
STAI-T-1 - | VAS-1 0.341 | 0.003 | 0.303 | 0.010
STAI-S-2 - | VAS-2 0.5631<0.001| 0.747 | <0.001

Footnote: This table presents a correlation analysis between STAI-S (State-
Trait Anxiety Inventory-State), STAI-T (State-Trait Anxiety Inventory-Trait),
and VAS (Visual Analog Scale) scores across two study groups: Group OP
and Group AS. The analysis utilizes Spearman’s rho correlation coefficients
to measure the strength and direction of associations between variables.
Correlation coefficients (r) and significance levels (p) are reported for each
pair of variables within each group, indicating how anxiety and pain perception
measures interrelate in these specific patient cohorts.

Data Collection

Patients’ sociodemographic (age, gender,
marital, educational, and occupational statuses)
and clinical (smoking status, alcohol consumption,
previous anesthesia experience) characteristics
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were collected prospectively via a 10-to-15-minute
face-to-face interview conducted by the same
researcher. In addition, patients were administered
STAI-S, STAI-T, and VAS at Time Points 1and 2. The
anesthesiologists who conducted the preoperative
anesthetic assessment were blinded to patients’
anxiety levels.

Statistical Analysis

Descriptive statistics obtained from the collected
data were expressed as median with minimum and
maximum values in the case of continuous variables,
such as age and anxiety scores, i.e., STAI-S, STAI-T,
and VAS scores, and as numbers and percentage
values in the case of categorical variables, such as
gender, educational status, and previous anesthesia
experience. The normal distribution characteristics
of the continuous variables were analyzed using the
Shapiro-Wilk test. Non-normally distributed variables
between the study groups were compared using the
Mann-Whitney U test, i.e., Group OP and Group AS.
Categorical variables with more than five expected
counts were compared between the study groups
using Pearson’s chi-square test. Categorical variables
with less than five expected counts in RxC tables
were compared between the study groups using
the Fisher-Freeman-Halton test. The differences in
nonparametric anxiety scores assessed at two different
time points were compared within the study groups
using the Wilcoxon signed-rank test. Correlation
analyses between these nonparametric variables
were conducted using Spearman’s Rho correlation
coefficient. Jamovi project 2.3.28 (Jamovi, version
2.3.28.0, 2023, retrieved from https:/www.jamovi.
org), and JASP 0.17.3 (Jeffreys’ Amazing Statistics
Program, version 0.17.3, 2023, retrieved from https://
jasp-stats.org) software packages were used in the
statistical analyses. Probability (p) statistics of < 0.05
were deemed to indicate statistical significance.

Results

One hundred and forty-four patients included in
the study sample were divided into Group OP and
Group AS, with 72 patients in each group. The median
age of the patients in Group OP was significantly
higher than in Group AS (40.5 years vs.33.0 years,
p=0.030). However, a comparison of the groups
according to age groups revealed no significant
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difference between the groups (p=0.132). There
was no significant difference between the groups
in other baseline sociodemographic characteristics
(p>0.05) (Table 1).

There was no significant difference between the
groups in the STAI-S and STAI-T scores assessed at
Time Point 1(0=0.938 and p=0.962, respectively). On
the other hand, the median STAI-S score assessed
at Time Point 2 was significantly higher than the
median STAI-S score assessed at Time Point 1in both
groups (p=0.0715 for Group OP and p<0.00T for Group
AS). There was no significant difference between
the groups in terms of the change in median STAI-S
scores assessed at Time Points 1and 2 (p=0.962)
(Table 2).

There were no significant differences between the
groups in VAS scores assessed at Time Points 1and
2 (p>0.05). In Group OP, the VAS score assessed at
Time Point 2 was significantly higher than the VAS
score assessed at Time Point 1 (p=0.010). There
was no significant difference between the VAS
scores assessed at different time points in Group
AS (p=0.510). There was no significant difference
between the groups in terms of the change in VAS
scores assessed at Time Points 1and 2 (p=0.089)
(Table 2).

The rate of patients with high preoperative anxiety
levels according to STAI-S scores measured at different
time points was higher, albeit not significantly, in
Group OP than in Group AS (p>0.05). There was
also no significant difference between the groups in
the rate of patients with high general anxiety levels
(p=0.268) (Table 3).

The correlation analysis revealed significant
correlations between STAI-S, STAI-T, and VAS scores
in Groups OP and AS at different time points (0<0.05)
(Table 4).

Discussion

The study findings indicated that the timing
of preoperative anesthetic assessment—whether
conducted before the day of surgery (Group OP) or on
the day of surgery (Group AS)—did not significantly
impact the preoperative anxiety levels as measured
by the STAI-S STAI-T, and VAS scores. The lack of
significant differences in STAI-S and STAI-T scores
between the groups at the first time point indicated
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that the initial anxiety levels were similar regardless
of the timing of the anesthesia evaluation. In other
words, the location and the timing of preoperative
anesthetic assessment, whether conducted several
days before surgery or on the day of surgery, had
no significant impact on preoperative and general
anxiety levels in ambulatory surgery patients.
Several studies investigated the relationship
between the location and timing of preoperative
anesthetic assessment and various aspects of
surgical treatment, such as perioperative anxiety
levels, cancellation of surgery, and identification
of previously unidentified risky medical conditions
(2,5). Alimited number of studies have attempted
to demonstrate the effect of optimal timing of pre-
anesthesia consultation on reducing perioperative
anxiety levels in surgical patients (13, 14). In one of
these studies, Arellano et al. (14) compared three
groups in which the anesthetic assessment was
performed at three different times and locations,
i.e., in the outpatient clinic a week before surgery,
at the bedside upon admission to the hospital, and
just outside the operating room immediately before
surgery, in terms of perioperative anxiety levels.
Consequently, they found that conducting the
anesthetic assessment just outside the operating room
immediately before surgery significantly reduced
patient’s anxiety levels. In contrast, Twersky et al. (13)
did not find any significant difference in preoperative
and postoperative anxiety scores between ambulatory
surgical patients whose anesthetic assessments were
performed early or on the day of surgery. They found
that STAI-T scores did not differ significantly between
ambulatory surgical patients whose anesthetic
assessments were performed early or on the day
of surgery. Similarly, the groups in the current
study did not differ in STAI-S scores at either of
the two-time points. Our findings also showed that
initial anxiety levels, measured both immediately
before the preoperative anesthetic assessment and
immediately before surgery, were unaffected by the
timing of the assessment. Therefore, we believe that
the contradictory results regarding the impact of
the location and timing of preoperative anesthetic
assessments on various aspects of surgical treatment,
particularly on patients’ anxiety levels, may be due to
differences in study designs and patient populations.
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Porcar et al. (5) found the rate of patients with
high anxiety levels decreased, as evidenced by the
decrease in STAI scores after anesthesia consultation.
However, although most (72%) of the patients in
their sample underwent ambulatory surgery using
regional anesthesia, some patients were scheduled
for different types of surgery and anesthesia. They
stated that giving personal attention to patients
and displaying a reassuring attitude helped reduce
patients’ anxiety levels (5). Akhlaghi et al. (12)
demonstrated the positive effect of preoperative
anesthetic consultation in reducing preoperative
anxiety levels of patients undergoing oral and
maxillofacial surgery. Although the STAI was used
to assess patients’ anxiety levels in these studies (5,
12-14), there were significant differences in terms
of the STAl versions used and how the scores were
evaluated. To give an example, Porcar et al. (5)
used the authors used the short version of the STAI,
whereas Akhlaghi et al. (12) used six different severity
categories for anxiety based on the total STAI-S
and STAI-T scores. In comparison, we separately
evaluated the STAI-S and STAI-T scores to assess
patients’ preoperative and general anxiety levels.
In addition, instead of using different severity
categories for anxiety, we divided the patients into
only two categories based on the definition that an
STAI score above 44 indicates high preoperative
and general anxiety levels (17,20). This grouping
revealed that the proportion of patients with high
preoperative anxiety levels, as indicated by STAI-S
scores at different time points, was higher in Group
OP than in Group AS. However, this difference was
not statistically significant. This trend could indicate a
potential benefit of same-day assessment in reducing
preoperative anxiety, though further research with
larger sample sizes might be needed to confirm this
observation.

It has been reported in the literature that patients’
preoperative anxiety is at its highest level just before
being transferred to the operating room (2,13,14).
Consistent with this, our study found that both groups
showed a significant increase in median STAI-S
scores from Time Point 1to Time Point 2, indicating
rising anxiety as surgery approached. However, the
magnitude of this change did not differ significantly
between the groups, suggesting that while anxiety

naturally increases closer to the time of surgery,
the timing of the anesthetic assessment did not
differentially influence this increase. Contrary to the
findings in the literature that a visit by an anesthetist
may reduce patients’ anxiety levels, we did not find
a significant effect of anesthesia consultation on
the day of surgery on patients’ anxiety levels (14).
The short interval between preoperative anesthetic
assessment and ambulatory surgical procedures,
especially in Group AS, may have prevented the
detection of a significant impact.

There are various tools used to assess the anxiety
levels of patients, the most commonly used being
the STAI. However, the fact that STAI consists of
20 multiple-choice items limits its usability at the
bedside (21). The efficacy of VAS as a consistent,
simple, and objective tool in assessing anxiety
has been demonstrated in the literature (20-23).
In parallel, in this study, we used VAS, alongside
STAI, to assess the anxiety levels of the patients.
Consequently, as in other studies (21), we detected
significant correlations between the STAl and VAS
scores. The significant correlations observed between
STAI-S, STAI-T, and VAS scores across both groups
at different time points underscore the robustness
of these anxiety measures in reflecting patients’
emotional states. Notably, based on VAS scores,
we observed a heightened anxiety as surgery
approached, but only in Group OP. This suggests
that same-day assessment might help mitigate
the escalation of anxiety. However, the change in
VAS scores between the two time points was not
significantly different between the groups, further
emphasizing that the assessment timing did not
substantially impact anxiety levels. Therefore, we
concluded that VAS alone could be a reliable tool
for assessing patients’ preoperative anxiety levels.
Age is considered a potential confounding factor
in the assessment of preoperative anxiety among
surgical patients (24). Comorbidities and frailty
associated with aging may compromise older patients’
physiological reserves, potentially increasing their
vulnerability to anesthesia and surgery (24,25). While
younger adults might also experience preoperative
anxiety for different reasons, anesthesia and surgery
are significant risk factors for anxiety across age
groups. Previous studies on the timing of anesthesia
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evaluation have generally reported that age is not
a major risk factor for anxiety (3,5,12). However,
our study found that patients in Group OP were
significantly older than those in Group AS. Although
the differences between age groups were not
statistically significant, older patients (>50 years)
were more commonly found in Group OP, while
younger patients (18-34 years) were more prevalent
in Group AS. This suggests that as age increases,
the risk of preoperative anxiety might also increase.
Further large-scale studies are needed to understand
better the potential association between age and
preoperative anxiety levels.

This study’s strengths include assessing patients’
anxiety levels at different time points and operating
all patients in the same surgical department, which
allowed ruling out the confounding effect of varying
scheduling practices applied by different outpatient
clinics. On the other hand, the fact that the intervals
between preoperative anesthetic assessment and
surgery were not standardized between the groups
is the study’s primary limitation. The variability in
the time between assessment and surgery could
affect anxiety levels differently across patients,
potentially introducing variability that could obscure
the impact of the timing of the anesthetic assessment.
The significantly older age of patients in Group OP
compared to Group AS could be a confounding factor
influencing preoperative anxiety levels. Prospective
studies with more homogeneous demographic
characteristics would clarify this issue. Additionally,
the study’s design as a non-randomized observational
study limits the ability to draw causal conclusions.
The lack of randomization might introduce selection
bias, as patients who chose or were assigned to
different timing of assessments could differ in
ways not controlled for in the analysis. Lastly, the
study was limited to patients undergoing elective
plastic and reconstructive surgery under local
anesthesia with sedation. This specificity may limit
the generalizability of the findings to other types
of surgeries or anesthetic approaches.

In conclusion, the study’s findings indicated that
the location and timing of preoperative anesthetic
assessment, whether conducted several days
before or on the day of surgery, had no significant
impact on preoperative anxiety levels inambulatory
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surgery patients. This insight challenges prevailing
assumptions in perioperative care practices and
underscores the complexity of preoperative anxiety
as a multifactorial phenomenon. The consistent
increase observed in patients’ anxiety levels as the
time of surgery approached, regardless of the timing
of the preoperative anesthetic assessment, suggests
that patients’ anxiety may be more deeply rooted in
the anticipation of surgery rather than the setting
of the preoperative anesthetic assessment.
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The Effect of Serum and Follicle Fluid Melatonin Levels on In-Vitro Fertilization Success
Between Polycystic Ovary Syndrome and Unexplained Infertility Patient Groups in In-
Vitro Fertilization

ABSTRACT

Objective: To investigate the difference in the serum melatonin and follicle fluid melatonin levels at unexplained
infertility and polycystic ovary syndrome (PCOS) patients who underwent in-vitro fertilization (IVF) treatment,
and to investigate whether the melatonin level affects oocyte quality, embryo number, and clinical pregnancy.
Material and Method: Women with unexplained infertility (n=26) and women with the polycystic ovarian
syndrome (n=26) who started IVF treatment were included in this prospective trial. The levels of melatonin in
the groups’ were tested using the enzyme-linked immunosorbent (ELIZA) method. In addition, the effect of the
difference in melatonin levels between the groups on IVF success was investigated.

Results: Patients with the polycystic ovarian syndrome had significantly low serum melatonin levels (p=0.018).
Melatonin levels in follicular fluid were similar in both groups (p=0.707). Total oocyte, M2 oocyte, PN2 oocyte,
grade A embryo, second-day embryo count, and the number of transferred embryos did not differ across the
groups (p>0.05). There was no significant relationship between serum and follicular fluid melatonin levels
(p>0.05). There was no significant relationship between clinical pregnancy and melatonin level (0>0.05). There
was no statistical difference between the groups regarding age, weight, height, and body mass index (p>0.05).
Conclusion: In our study, serum melatonin levels were lower in infertile women with polycystic ovary syndrome.
This may be due to high melatonin consumption. However, melatonin levels in the serum and follicular fluid had
no direct effect on IVF outcomes.

Keywords: Follicular fluid, melatonin, PCOS, unexplained infertility.

OZET

Amag: Aciklanamayan infertilite ve tip bebek tedavisi géren PKOS (Polikistik Over Sendromu) hastalarinda serum
ve folikUl sivisi melatonin diizeyleri arasindaki farki arastirmak ve melatonin diizeyinin oosit kalitesi, embriyo sayisi
ve klinik gebelik Uzerine etkilerini arastirmak.

Gere¢ ve Yontem: Bu prospektif calismaya, aciklanamayan infertilitesi olan kadinlar (n=26) ve polikistik over
sendromlu (n=26) tlp bebek tedavisine baslayan kadinlar dahil edildi. Gruplarin serum ve folikUler sivisindaki
melatonin dizeyleri ELIZA ydntemi kullanilarak test edildi. Ayrica gruplar arasindaki melatonin dizeyi farkhliginin
IVF basarisina etkisi arastirildi.

Bulgular: Polikistik over sendromlu hastalarin serum melatonin dizeyleri anlamli diizeyde az idi (p=0.0I18).
Foliktler sividaki melatonin dizeyleri her iki grupta da benzerdi (p=0.707). Toplam oosit, M2 oosit, PN2 oosit, A
sinifl embriyo, ikinci giin embriyo sayisi ve transfer edilen embriyo sayisi acisindan gruplar arasinda anlamli fark
yoktu (p>0.05). Serum ve folikiler sivi melatonin dlizeyleri arasinda anlamli bir iliski saptanmadi (p>0.05). Klinik
gebelik ile melatonin dizeyi arasinda anlamli bir iliski bulunmadi (p>0.05). Gruplar arasinda yas, kilo, boy ve
vUcut kitle indeksi acisindan istatistiksel fark yoktu (p>0.05).

Sonug¢: Calismamizda polikistik over sendromlu infertil kadinlarda serum melatonin dizeyleri daha dustkta.
Bunun nedeni yiksek melatonin tiketimi olabilir. Ancak serum ve folikller sividaki melatonin dizeylerinin IVF
sonucuna dogrudan bir etkisinin olmadigi gérulda.

Anahtar So6zciikler: Aciklanamayan infertilite, folikUler sivi, melatonin, PKOS.




Introduction

Traditional definitions of infertility include the
failure to conceive with unprotected intercourse
for longer than 12 months. This 12-month criteria is
accepted as six months for women over 35 years old
(M. Approximately 10-30% of infertile couples have
no identifiable cause and are termed unexplained
infertility (2). Unexplained infertility patients can have
a wide range of treatment options, from expectant
management to IVF treatment.

Polycystic ovarian syndrome (PCOS) is a
complicated endocrinopathy that affects around
10% of women at reproductive age and involves
various metabolic processes (3). Free oxygen
radicals and anovulation, which develop as a result
of oxidative stress in PCOS, are thought to have a
negative impact on reproductive function.

The pineal gland produces melatonin (N-acetyl-
5-methoxytryptamine), released into the circulatory
system. Melatonin has central and peripheral activities
and affects the gastrointestinal, cardiovascular,
endocrine, and reproductive systems. It has an
antigonadotropic effect on the reproductive system.
Furthermore, it affects the oocyte’s granulosa and
luteal cells, suppressing their steroidogenesis (4).
Follicular atresia can be observed in PCOS patients
due to follicular damage as a result of increased
oxidative stress and decreased intrafollicular melatonin
levels. Oxidative stress is one of the primary reasons
for infertility in women with PCOS, and melatonin is
known to have antioxidant properties and inhibitory
effects on prooxidant enzymes and proinflammatory
cytokines. Melatonin and its metabolites are known
to reduce oxidative damage in addition to their
direct action. Its anti-inflammatory activity reduces
the generation of free radicals and helps to reduce
free radical damage. This study aimed to investigate
if melatonin affects fertility in subgroups like PCOS
and unexplained infertility.

Material and Methods

The study includes 52 infertile women who were
admitted to the university hospital’s IVF center
between September 2021and March 2022. The Hitit
University Faculty of Medicine Clinical Research Ethics
Committee authorized this study according to the
Declaration of Helsinki (approved number: 488).
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The study included patients who completed written
informed consent forms after receiving extensive
verbal and written information. The research was
carried out in line with the Helsinki Declaration.

A total of 52 patients were divided into two groups
which are PCOS (n=26) as the study group and
unexplained infertility (n=26) as the control group.
Women who fulfilled the criteria of infertility and
had no known cause were accepted as having
unexplained infertility. The patients’ oligo-anovulation
status, polycystic ovarian morphology (PCOM) on
transvaginal ultrasonography, and Ferriman-Gallwey
scoring as clinical indications of hirsutism were used
to diagnose PCOS.

Name, surname, age, weight, height, BMI, menstrual
pattern, number of days of menstruation, duration
of unprotected intercourse, acne status, and past
pregnancies were all noted in patients who participated
in the study. The hirsutism of the patients was
assessed using the modified Ferriman Gallwey scoring
method. The results of a baseline ultrasound, which
is performed routinely throughout the evaluation,
were recorded. In addition, routinely requested basal
hormones (FSH, LH, E2, Prolactin, and AMH) were
recorded. Chronic diseases, drug use, smoking, and
alcohol use were questioned.

BMI greater than 30 kg/m?, FSH levels >25 mIU/
ml, a male component in infertility, excessive alcohol
consumption in the previous six months, smoking at
least 20 cigarettes per day, long-term iliness, taking
melatonin-containing medications or supporting
treatments are exclusion criteria.

Patient Blood Serum and Follicular Fluid Collection
Since our study consisted of patients who applied
for infertility treatment and were planned for IVF,
patients who used the antagonist protocol were
included to standardize the number and quality of
oocytes and pregnancy status. Oocyte retrieval was
conducted at the 35th hour (between 10:00 and
12:00) after hCG treatment when enough follicular
development was visible in serial transvaginal
ultrasonography. Five ccs of the remnant ovarian
follicular fluid was put into a dry tube and stored
at -20 °C after the oocytes were separated from
the follicular fluid. Approximately 8 cc of patient
blood was put into a 10 cc empty dry tube at the
same time as the routine blood tests performed



The Effect of Serum and Follicle Fluid Melatonin Levels on In-Vitro Fertilization Success Between

Polycystic Ovary Syndrome and Unexplained Infertility Patient Groups in In-Vitro Fertilization

during the patient’s hospitalization. In 15 minutes,
the blood sample was centrifuged at 4000 rpm for
10 minutes. The obtained supernatants were kept at
-20 °Cinan Eppendorf test tube (1,5 ml, FIRADMED,
polypropylene). The samples were delivered to the
laboratory using the cold chain rule once the number
of patients had been completed.

Melatonin levels were determined using the
Enzyme-linked Immunosorbent Assay Melatonin
Kit (catalog number CEA908Ge). After washing
with the Human brand, Combi Wash model washing
device and reading with the Next Level brand, Alisei
model equipment. The sensitivity of the kit is 4.63
pg/mL.

Pregnancy and Oocyte Quality Follow-up

The embryologist noted the number of oocytes,
their morphological parameters (MIl, PNII, etc.),
and the number of embryos after the oocyte pick-
up process. On the 14th day after embryo transfer,
patients tested for hCG. Patients whose tests were
positive for hCG were monitored until fetal heartbeats
were detected. The patient was accepted as clinically
pregnant when fetal heartbeat was detected. It took
about five months to complete the study.

Statistical Analysis

Data were analyzed using the IBM SPSS Statistics
Client Documentation 26.0 program. Unexplained
infertility and PCOS groups were evaluated with
Kolmogorov-Smirnov and Shapiro-Wilk normal
distribution test, Skewness- Kurtosis tests, and visually
normal Q-Q Plot distribution curve, histogram, and
box plot. Data that did not fit the normal distribution
were analyzed with the Mann-Whitney U Test. The
relationship between melatonin level and oocyte
number and quality was evaluated with Spearman’s
correlation test. p<0.05 in the analysis results was
considered statistically significant.

Results

In terms of age and BMI, there was no statistically
significant difference between unexplained infertility
and PCOS infertility groups (p>0.05 for all). When
comparing PCOS to the unexplained group, the
cycle duration was significantly longer, and the
total number of follicles were significantly higher
(p<0.07). Table | displays descriptive statistics.

Table I. Descriptive Statistics

Unexplained PCOS Infertile
Infertile
Min-Max Min-Max P
+ i +
(Median) MeantSS | (Median) | MeantSS
Age 21-35 23-38
(yean) 26.7) 271+4.09 (26.5) 27.92+422 | 0.762
BMI (kg/ 19-33.3 16.9-30 0.084
m2) 4.4) 24.35+311 (26.5) 25.72+3.52
ﬁ:ﬁlee 21-45 (28) | 27.57+4.5 | 28-54 (41) | 40.08+6.07 | <0.070
Total
Number
of Antral 8-20 (14) | 12.15+3.04 | 10-32 (26) | 24.1+4.08 | <0.070
Follicles

Independent-Samples, Mann-Whitney U Test, p<0.05 was considered
statistically significant.

When the groups’ baseline hormone levels were
evaluated, there was no statistically significant
difference in FSH, estradiol, or prolactin levels (0>0.05
forall). LH and AMH levels were considerably higher
in PCOS infertile women than in the unexplained
group (p=0.022 and p=0.01, respectively). The
PCOS infertility group had a statistically low amount
of serum melatonin (p=0.018). Melatonin levels in
follicular fluid were equal in both groups (p=0.707).
Table Il shows the basal hormone and melatonin
levels of the groups.

Table Il. Basal Hormone and Melatonin Levels of the Groups

Unexplained Infertile PCOS Infertile
Min-Max Min-Max p
(Median) Mean*Ss (Median) Mean*Ss
FSH 4.3-10.9
(miu/ml) 1.4-11.4(6.6) | 6.75£2.29 (6.65) 6.89+1.74 0.812
LH 1.02-15.3
(miu/ml) (5.4) 5.97+3.17 2.2-19 (7.8) 7.98+3.56 0.022
Estradiol 12-116 29.6-70.8
(pa/ml) (40.45) 46.9+19.7 (42.35) 44.22+10.58 0.777
Prolactin 7.5-39
(ng/ml) 0.5-42 (15.5) | 18.09+10.1 (19.65) 20.31+8.91 0.282
AMH 1.2-5.7(2.76) | 2.97x1.43 2-13 (4.55) 5.51x2.84 <0.070
(ng/ml) 2-5.7 (2. .97+1. . .51£2. 3
Serum
Melatonin 718-50.89 5.35-44.29
Level (23.21) 26.13£11.26 (17.86) 20.66+9.02 0.0718
(pg/mL)
Follicle
Fluid
Melatonin 616183 | p1643.20 | 2941997 | 1557:363 0.701
(12.38) (12.81)
Level
(pg/mL)

Independent-Samples, Mann-Whitney U Test, p<0.05 was considered
statistically significant.

There was no statistically significant association
between serum melatonin and follicular fluid melatonin
levels (p>0.05). In terms of total oocyte count, M2

¢ M) IR



oocyte count, PN2 oocyte count, grade A embryo
count, second-day embryo count, and embryo
transfer number, there was no significant correlation
between serum melatonin level and follicular fluid
melatonin level (p>0.05, for all). Table Ill shows
the relationship between Melatonin levels, Oocyte
Quality, and Embryo Count.

Table Ill. Correlation of Melatonin Level with Oocyte Quality

and Embryo Count

Correlation
Coefficient p
Serum Melatonin
Number of Level -0.143 0.312
Oocytes - -
Collected Follicular Fluid 0155 0.273
Melatonin Level ' '
Serum Melatonin 0147 0.298
M2 Oocyte | Level
Count Follicular Fluid
Melatonin Level 0153 0.279
Serum Melatonin 0,007 0.958
PN2 Oocyte | Level
Count Follicular Fluid
Melatonin Level 0.038 0.791
Serum Melatonin
Number of Level -0.082 0.562
Grade A
Embryos Follicular Fluid 0037 0.797
Melatonin Level ' '
Serum Melatonin
Number of | | ayel 0.050 0.725
Embryos on
Day 2 Follicular Fluid 0.049 0.729
Melatonin Level ' ’
Number of Serum Melatonin
Patients Level 0.049 0.731
Who
Underwent | £jicyfar Fluid
Embryo Melatonin Level -0.200 0156
Transfer

Spearman’s correlation test, p<0.05 was considered statistically significant.

Discussion

In our study, the PCOS group had considerably
low serum melatonin levels. According to several
studies, oxidative stress caused by reactive oxygen
radicals (ROS) is higher in PCOS, and infertility is
more common than in the general population (5).
While cells need a physiological amount of oxygen
to live, free oxygen radicals emerge as a result of
these reactions; oxygen superoxide (O,-), hydrogen
peroxide (H,0,), and hydroxyl (-OH) reagents
must be removed from the environment. During
ovulation, reactive oxygen radicals in the follicular
environment accelerate oocyte aging (6). Antioxidants
like superoxide dismutase (SOD) and glutathione,
which eliminate reactive oxygen radicals from the
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environment, are also in good shape. Melatoninis a
powerful antioxidant produced from the pineal gland
into the bloodstream and then into the follicular
fluid. According to the findings, melatonin treatment
reduced oxidative stress by lowering nitric oxide levels
and inhibited proinflammatory cytokines (7). It has
also been shown that adding melatonin to the culture
medium enhances oocyte maturation and lowers the
generation of reactive oxygen radicals (8). Various
studies have shown that more oxidative stress and
melatonin usage are higher in PCOS patients (9-
11). Melatonin metabolites, in addition to the direct
action of melatonin in lowering oxidative damage,
also contribute to reducing oxidative stress through
physiological and metabolic effects. Furthermore,
because of its anti-inflammatory properties, it aids
in reducing free radical production and damage that
occurs as a result of the inflammatory response (12).
Free oxygen radicals and oxidative stress factors are
likely to be higher in the PCOS group, it’s reasonable
to assume that melatonin consumption will be higher
to detoxify them, and that serum melatonin levels
will be lower in the PCOS group.

The urinary level of 6-sulphatoxymelatonin, an
essential marker for melatonin production, was higher
in patients with PCOS than in non-PCOS women (13).
Although we did not test 6 sulfateoxymelatonin as
a melatonin metabolic marker, endogenous serum
melatonin levels were lower in the PCOS group than
in the unexplained infertility group. These indicators
can be used to determine whether the production
is low, or the consumption is high.

Oral melatonin administration in PCOS patients
has been shown to reduce oxidative stress, increase
oocyte quality, and maybe protect the reproductive
system (14). In our study, the serum melatonin level
of infertile women with PCOS was lower than the
unexplained infertility group, suggesting that it
may adversely affect fertility and oocyte quality.
However, it was not statistically significant. There
was no significant relationship between clinical
pregnancy and melatonin levels.

Human studies have found a favorable association
between day and night melatonin concentrations
and total antioxidant capacity (15). In this regard,
increasing endogenous melatonin levels through
exogenous melatonin supplementation during
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fertilization appears to positively influence the
fertilization rate.

The median follicular fluid melatonin level in the

PCOS group was 12.81 pg/ml, whereas the follicular
fluid melatonin level in the unexplained infertility
group was 12.38 pg/ml, and the follicular fluid
melatonin level was similar in both groups.
In vitro experiments have shown that women with
PCOS have lower levels of melatonin in follicular
fluid compared to healthy women (16). Melatonin
is hypothesized to minimize oxidative stress, inhibit
follicle atresia, and increase follicular maturationin
this group of people (17). Unlike in vitro studies, there
was no significant difference between the PCOS and
unexplained infertility groups in our study.

The total number of oocytes retrieved, the total
number of oocytes progressing to MIl, the total
number of oocytes with PN2, the number of grade
A embryos, the number of days two embryos, and
the number of embryos that can be transferred were
all recorded. One of the most common causes of
IVF failure is poor oocyte quality and maturation.
Oxidative stress factors in the oocyte may play a
role in reduced embryo quality (18). Reactive oxygen
radicals and melatonin have directly affected oocyte
maturation and fertilization. In a study of 56 patients
taking 3 mg/day melatonin supplements and 59
controls, fertilization was found to be higher in the
melatonin supplement group (19). The melatonin levels
in follicular fluid and serum did not affect the quality
and maturation of oocytes in our study. Although
exogenous melatonin has been demonstrated
to have a favorable effect on oocyte maturation,
endogenous follicular fluid and serum melatonin
levels did not correlate with the number of oocytes
or the number of good-quality oocytes in our study
(14). There was no significant relationship between
clinical pregnancy and melatonin levels. The effect
of melatonin on infertility is not fully understood
(20).

Because melatonin is produced in various tissues
and organs, the mean serum melatonin level is
likely to be higher than the mean follicular fluid.
Recent studies show that melatonin is synthesized
in small amounts in a wide variety of tissues and has
paracrine and autocrine effects (21). In our study,
the mean serum melatonin level was 23.39+10.12

pg/ml, and the mean follicular fluid melatonin fluid
level was 12.21+x3.42 pg/ml. In another study, the
follicular fluid melatonin level was found to be 20.9
+ 3.6 pg/ml in the PCOS group, and it was higher
than we found (22). Brzezinski et al. discovered that
the level of melatonin in the follicular fluid before
ovulation was higher than the level of melatonin in
the plasma (22,23).

In contrast to this study, serum melatonin levels
were higher than follicular fluid melatonin levels.
This may be because Brzezinski et al. utilized the
RIA method while we used the ELISA. Because
melatoninis produced by various tissues and melatonin
consumption may be higher during ovulation due
to increased oxidative stress, the follicular fluid
level of melatonin is expected to be lower than the
serum level. The PCOS group had a median AMH
level of 4.55 ng/ml, while the unexplained infertile
group had a median AMH level of 2.76 ng/ml. The
PCOS group’s AMH level was statistically greater.
Due to the lack of an international standard, AMH
currently plays no significant role in the diagnosis
and treatment of PCOS. Many studies have shown
that AMH levels are higher in PCOS patients (24,25).
The total number of oocytes collected in both groups
was compared, the PCOS group had a total oocyte
count of 9.5.

In contrast, the unexplained infertility group had
amedian total oocyte count of 4. It was statistically
higher in the PCOS group (p<0.07). The level of AMH
can help us forecast ovarian reserve and oocyte
count.

The median LH level measured on the second day
of the menstrual cycle in women in the PCOS group
was 7.83 mlU/ml, and 5.41 mIU/ml in the unexplained
infertile group. It was statistically higher in PCOS. In
the past, a higher LH level than FSH level was used
as an indicator for PCOS. In some studies, it has
been shown that the LH level is high in PCOS (26).
However, an elevated LH level is not a diagnostic
criteria for PCOS. Androgen increase and phenotypic
changes due to LH elevation may be symptoms of
PCOS.

When the two groups were compared, the median
FSH value was 6.65 mIU/ml in the PCOS group and
6.60 mIU/ml in the unexplained infertility group,
and it was similar in both groups. FSH level above
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10 mIU/mL is considered a poor ovarian response,
indicating a decreased ovarian reserve (27). In
addition, estradiol levels were also found to be
similar in both groups. Therefore, it shows that the
groups are similar in ovarian response.

When the menstruation cycles of the two groups
were compared, women with PCOS had a longer
period. This is because women with PCOS are
more likely to have oligo-ovulation. Women with
oligomenorrhea whom have fewer than nine menstrual
cycles per year is frequently seen in PCOS patients
(28). The cycle in the PCOS group was 40.08+6.07
days in our study. Compared to the unexplained
infertility group, these women’s cycles lasted much
longer.

There was no difference between the two groups
in terms of age, height, weight, and BMI. However,
the unexplained infertility group had a median age
of 26.7 years, while the PCOS group had 26.5 years.
The unexplained infertility group had a median BMI
of 24.4 kg/m?, while the PCOS group had a median
BMI of 26.5 kg/m?, with no statistical difference.
More than half of women with PCOS are obese (29).
Therefore, to exclude obesity-related factors in the
PCOS group, patients having a BMI of more than 30
kg/m? were excluded from the study.

The limitations of this study, the patients’ levels of
endogenous melatonin were measured and compared
to the follicular fluid. Therefore, melatonin’s production
and elimination processes were not studied. These
processes were not included because the study’s
principal objective was to correlate follicular fluid
and serum melatonin and its effect on IVF. To
investigate these phases, more comprehensive in-
vitro experiments can be planned.

Conclusion

The levels of melatonin in follicular fluid were
similar in the PCOS and unexplained infertility
groups. The antioxidant impact of melatonin in
the follicular fluid is identical to the unexplained
infertility group, despite the high oxidative stress
reported in PCOS. This shows that oxidative stress
markers in PCOS follicular fluid may be lower than
previously thought. Additionally, melatonin levels
did not affect oocyte and embryo quality. Although
exogenous melatonin treatment has been shown to
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improve the rate of pregnancy in numerous studies,
we discovered that endogenous melatonin levels
did not affect the pregnancy rate. In our study, the
serum melatonin level was lower in the PCOS group
than in the unexplained infertility group. However,
melatonin levels were high in PCOS patients in
various studies. Therefore, it is expected that serum
melatonin levels may be low in PCOS due to the
consumption of melatonin, which is an antioxidant.
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Evaluation of Ultrasound Imaging in Developmental Hip Dysplasia with Artificial
Intelligence

ABSTRACT

Objective: Developmental hip dysplasia is a common condition that starts in infancy. With the introduction
of machine learning (artificial intelligence, Al) into medicine, the early diagnosis of disease and the success of
treatment have increased significantly. This study aims to determine the accuracy of ultrasound images from
ultrasound videos used in the developmental hip dysplasia screening program using machine learning techniques.
Material and Method: The study involved the extraction of ultrasound image features using the Local Binary
Pattern (LBP) method. The ultrasound image dataset was then prepared to evaluate the effectiveness of various
machine learning approaches, including Decision Tree (DT), Random Forest (RF), K-Nearest Neighbour (KNN),
Gradient Boosting (GB), Support Vector Machines (SVM), Naive Bayes (NB), Logistic Regression (LR), and
Multilayer Perceptron (MLP).

Results: RF algorithm performed very well, recording the highest correct image rate. The study was generally
considered successful and it is believed that the resulting model will be useful in the early diagnosis of
developmental hip dysplasia.

Conclusion: RF algorithm recorded the highest correct image rate, performing very well at 87.62% compared to
other tested algorithms. The study was generally considered successful and the resulting model is believed to be
useful in the early diagnosis of developmental hip dysplasia.

Keywords: Algorithms, classification, deep learning, developmental dysplasia of the hip, machine learning,
artificial intelligence, ultrasonography.

OZET

Amag: Gelisimsel kalca displazisi, bebeklik ddneminde ortaya cikan yaygin bir hastaliktir. Makine égreniminin
(yapay zeka, Al) tip alanina girmesi ile hastaliklarin erken tanisini ve tedavi basarisini ®nemli oranda artirmaktadir.
Bu calisma, makine 6§renme tekniklerini (yapay zeka) kullanarak gelisimsel kalca displazisi tarama programinda
kullanilan ultrason videolarindan ultrason gérintistnin dogrulugunun belirlenmesi amaclamaktadir.

Gere¢ ve Yontem: Calisma, Lokal ikili Model (LBP) metodolojisi araciliiyla ultrason gérinti 6zelliklerinin
cikarilmasini iceriyordu. Daha sonra, ‘Decision Tree (DT), Random Forest (RF), K-Nearest Neighbour (KNN),
Gradient Boosting (GB), Support Vector Machines (SVM), Naive Bayes (NB), Linear Regression (LR), and
Multilayer Perceptron (MLP)’ dahil olmak Gzere farkli makine 6grenimi yaklasimlarinin etkinligini degerlendirmek
icin ultrason gorintd veri kimesini hazirlandi.

Bulgular: RF algoritmasi, test edilen diger algoritmalarla karsilastirildiginda %87,62 ile cok iyi performans
gostererek en ylksek dogru goériintl oranini kaydetti. Calisma genel olarak basaril kabul edildi ve ortaya cikan
modelin gelisimsel kalca displazisinin erken teshisinde faydali olacagdina inaniliyor.

Sonug¢: RF algoritmasi en ytksek dogru goérintd oranini kaydederek cok iyi bir performans sergilemektedir.
Calisma genel olarak basarili sayildi ve elde edilen modelin gelisimsel kalca displazisi’ nin erken teshisinde
yardimci olacagi distntlmektedir.

Anahtar Sézciikler: Algoritma, derin 6drenme, gelisimsel kalca displazisi, makine 6drenmesi, yapay zeka,
siniflandirma, ultrasonografi.




Introduction

Developmental dysplasia of the hip (DDH) is a
frequently-occurring ailment among infants, caused
by genetic, intrauterine and cultural factors. It has
an incidence rate ranging between 2% and 5% (1).
The condition can be grouped into various types,
including acetabular dysplasia, instability, subluxation
and complete dislocation (2). Failure to promptly
receive a diagnosis and treatment may result in more
intricate procedures, including hip replacement, in
the future (3).

Current clinical practice for DDH entails clinical
examination, assessment of risk factors, and
radiological imaging (4,5). Radiography is widely
regarded as an effective diagnostic tool for DDH,
notwithstanding its potential drawbacks in terms
of radiation exposure and limited information for
neonatal hips due to incomplete ossification of
cartilage. Ultrasonography is an efficient method
for screening DDH in the first six months of an
infant’s life because it facilitates comprehensive
static and dynamic imaging of the hip joint. However,
ultrasound imaging of the hip joint poses technical
challenges. The ultrasound technique for assessing
the condition of infants’ hips was introduced by Graf
in the 1980s (6). Currently, Graf’s approach is the
most widely used technique for diagnosing DDH
using coronal plane ultrasound images. However,
there are numerous ongoing debates about the
effectiveness of ultrasound in enabling early and
precise diagnosis and guidance for treatment (4,5).
In keeping with Graf’s methodology, measurement
and classification are executed based on the standard
plane, encompassing the iliac crest, the base of the
acetabulum, and the acetabular labrum. However,
establishing the precise plane that demarcates the
image slice of a neonatal hip is often difficult, and
drawing three lines heavily depends on the physician’s
precise application (7,8).

The extensive utilization of machine learning and
deep learning techniques has been observed for the
diagnosis of various diseases (9). Among deep learning
architectures that have been described in existing
literature, Convolutional Neural Networks (CNNs)
are frequently applied (10). Automatic classification
of hip dysplasia is a recent and developing field,
involving data collection, data preprocessing, feature
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extraction, training, and testing on images (11).

In recent years, researchers have demonstrated
that a close connection between engineering labs
and real-world practice is necessary to achieve
meaningful results in ultrasound research (12). Hip
ultrasonography is the established diagnostic tool
for DDH necessitating precise assessment with
standard plane images to guarantee proper diagnosis.
Nonetheless, it has been reported that imaging may
be undependable, and, thus, accurate imaging tests
are indispensable for precise diagnosis. Incorrect body
positioning or poor image quality may compromise
the quality of images, significantly affecting diagnosis
impacts. In recent years, scholars have conducted
research on the efficacy of deep learning methods
to offer automated assurance of precise diagnosis
by operators (11,13,14). This can prove to be a useful
aid for inexperienced operators.

The evaluation of the ultrasound image used in the
developmental hip dysplasia screening programme
consists of three steps. The first step is to correctly
locate the reference points on the ultrasound, the
second step is to draw lines from the correctly located
reference points and make angle measurements
according to these lines, and the third step is to stage
the hip according to the degree of measurement
as a normal hip or a DHH hip. There are studies on
the second and third steps (11, 14). There are not
enough studies in the literature on the first step,
where physician experience is important.

The study’s significance lies in the scarcity
of research into the precision of images used in
diagnosing DDH and the approaches taken. It offers
evidence that machine learning techniques can
automatically identify appropriate images. A novel
dataset and unexplored methodology are employed
in the study, which fills a gap in the research and
results in acceptable precision and swift functionality.
This highlights the unique value of our study. The
aim of our study is to use artificial intelligence to
distinguish between the presence (correct image)
or absence (incorrect image) of reference points
used in the diagnosis of DDH in ultrasound images
taken during DDH scans. Thus, artificial intelligence
that can perform ultrasound evaluation can pave
the way for young physicians to meet their need
for experience.
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Material and Method

Ethical Approval

The study was approved by the Yozgat Bozok
University Faculty of Medicine Ethics Committee on
10.02.2022 (IRB No. 2017-KAEK-189_2022.02.10_03)
in accordance with the Declaration of Helsinki, and
written informed consent was obtained from the
parents of the participants.

Study Design and Data Collection

In this study, ultrasound records “ACUSON S2000
Ultrasound System, HELX Evolution with Touch
Control (Siemens Healthineers, Germany”) of both
the right and left hips of 100 infants collected from
Yozgat City Hospital were examined. The Local
Binary Patterns (LBP) texture analysis method was
utilised for gathering features from these images,
and subsequently building a dataset. In the study,
80% of the dataset was used as training dataset to
train machine learning algorithms to classify images
according to their correctness. The remaining 20%
of the dataset were reserved for testing purposes.
A range of machine learning algorithms, such as
Support Vector Machines (SVM), Naive Bayes (NB),
Logistic Regression (LR), Random Forest (RF),
K-Nearest Neighbours (KNN), Decision Tree (DT),
Gradient Boosting (GB), and Multilayer Perceptron
(MLP), were employed to perform this classification.
Inclusion criteria: Infants aged 40-45 days, standard
cross-sectional coronal plane ultrasound scans
performed in the lateral decubitus position, using
a 7.5 MHz linear ultrasound probe, acquisition of
images representing normal or dysplastic hips, with
measurement reference points specified in the hip
scan programme.

Exclusion criteria: Infants with a history of previous
hip surgery or unrelated congenital anomalies,
presence of neuromuscular diseases or syndromes
that may contribute to congenital hip dislocation,
images taken in positions other than lateral decubitus,
hip ultrasound measurements outside the specified
age range of 40-45 days, situations where the
infant’s distress prevents imaging, ultrasound scans
performed for indications other than DDH.

The study utilized Python® programming language,
along with the Scikit-Learn®and OpenCV® libraries.
The experimental setup included a computer with
a 12th generation Intel® Core™ i7 processor, 32 GB

RAM, and a1TB M.2 SSD.

Dataset and Data Augmentation

In the study, 200 video recordings were created
from both the right and left hips of one hundred
newborns. Then, eighteen images were captured
from each video recording at equal intervals (three
images per second). Thus, a dataset consisting of
three thousand six hundred images was obtained.
Neonatal hip ultrasound was performed with the
infant in the lateral decubitus position, with the
hip and knee in semi-flexion and 15-20 degrees of
internal rotation (6). In this position, the greater
trochanter of the femur was imaged exactly laterally,
under the probe, in the anteroposterior plane. The
anatomical structures of the tissues of a healthy
developed hip are shown schematically (Figure 1).
A standard section was used in the coronal plane so
that the ultrasound scans could be compared and
everyone could take measurements in the same plane
(6). There are three important reference points that
should be present in the standard section: The ilium
should be parallel to the skin, the labrum should be
visible, and the ossified end of the ilium should be
visible in the acetabulum (6).

Hip ultrasound images were obtained from
healthy or dysplastic newborns aged 40-45 days in
the newborn hip screening programme. Ultrasound
images from the screening programme were graded
by an experienced radiologist and a paediatric
orthopaedic specialist on the basis of whether the
3 reference points, for which physician experience
is important, were correctly included in the image
area. Failure to detect the three reference points used
to diagnose and classify DDH (acetabular labrum,
acetabular edge and inferior iliac edge) was used
as a faulty image, and the ability to detect this was
used as a correct image in the artificial intelligence
training.

The images were evaluated by a radiologist and
an experienced paediatric orthopaedic physician.
The radiologist categorized the images as either
correct or incorrect (Figure 1), identifying 1522 as
correct and 2078 as incorrect. These experts also
evaluated these images and determined that 8 hips
were Type 2 and 192 hips were Type 1. This shows
that the dataset contains data from both healthy
and unhealthy individuals.
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Feature extraction is a widely used procedure in
machine learning that involves picking a subset of
data-specific features to apply a learning algorithm.
The ultimate goal is to determine the most minimal
number of features for a given problem domain that
precisely represent it (15). One well-known method
for accomplishing this is LBP.

The LBP works with greater efficiency and reliability
on grayscale images due to its capacity to process
only one operation per pixel. Besides being user-
friendly, it offers improved speed advantages for
handling larger datasets and real-time applications
(16). This quality of LBP was the primary reason for
utilizing it in this study.

The LBP method of extracting features was
employed on each classified image, resulting in 10
column features being extracted. An extra column
containing the class feature (correct or incorrect)
was also included, resulting in a 1x11 array for each
image. The features of every image were then added
as lines in a CSV file, resulting in the creation of a
dataset measuring 3600x11. Data augmentation is
a technique that can enhance the effectiveness of
machine learning and deep learning algorithms and
regularize the datasets used by (17).

Initially, it was believed that any lack of balance
between the classes within the dataset could
negatively impact the success rate. To address this
concern, different data augmentation methods
were employed, including vertical and horizontal
shift, as well as cropping and scaling techniques.
As a consequence, the quantity of data assigned to
the correct class rose to 2078, thus rectifying the
imbalance between the classes. This resulted in a
dataset consisting of 4156 data points, which were
utilised to develop and test the model as per the
machine learning methodologies detailed in section
2. The success rates achieved are presented in the
Results section.

After rectifying the unevenness between the
classes in the dataset, data expansion techniques
were implemented once more to amplify the dataset.
Nevertheless, as no enhancement on the achievement
rate was witnessed, the study continued with a
dataset comprising 4156 data points.

Machine Learning Algorithms

The research employed the widely accepted
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K-Nearest Neighbours machine learning algorithm that
is commonly utilised in regression and classification
tasks. This algorithm allows a point to be classified
based on the closest previously classified K number
of points. Its primary aim is to use majority voting
for the label prediction of a test data point (18).

Decision trees represent a classification algorithm
that iteratively segments the dataset. This tree
features aroot node, internal nodes as well as terminal
nodes (leaves), while the nodes of the tree consist
of characteristics from the dataset, and the leaves
are composed of predetermined values located
in the outcome column. Each new example in the
dataset is allocated to an appropriate class within
the tree based on the pre-existing attribute values.
To perform this placement, the relevant instance
is moved within the tree and its classification is
determined (19).

Gradient Boosting is a machine learning algorithm
used for classification. The process involves training
models in succession, with each subsequent model
aiming to reduce errors from the previous one. The
following steps are taken: Firstly, a model is created
for predicting from the training dataset. Residuals
are then calculated based on the difference between
observed and predicted values. A new model is
subsequently generated from the residuals to produce
fresh predictions. Following this, the sequence is
repeated until the residuals are reduced to a minimum
or a specific threshold value is attained (19).

The Random Forest algorithm is a machine
learning technique that was developed in 2001 by
Leo Breiman (20). It can be used for both regression
and classification problems, and its structure is
composed of numerous decision trees. By processing
data using multiple decision trees, the algorithm is
able to provide precise predictions by averaging
the acquired predictions. This approach also helps
to prevent overfitting, which is a common issue in
the decision tree method.

Naive Bayes is a statistical algorithm for classification
based on probabilities. It is trained for supervised
learning and applicable in practical real-world
scenarios. The approach is simple as it uses Bayes’
theorem to calculate probabilities, making it easy
to understand and useful in limiting complexity. The
algorithm determines the probability of an instance
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belonging to a target category, making it a valuable
tool in various applications (21).

Table I. Evaluation metrics for machine learning methods
employed
Model RF GB

KNN DT MLP LR NB SVM

Accuracy | 0.8762]0.8582|0.8474 | 0.8125 | 0.7536 | 0.6478 | 0.6214 | 0.5853

Sensitivity | 0.8945 | 0.8784 | 0.8601 | 0.8326 | 0.7638 | 0.7041 | 0.7706 | 0.7569

Specificity | 0.8561 | 0.8359 | 0.8333 | 0.7904 | 0.7424 | 0.5859 | 0.4571 | 0.3965

PPV 0.8725 ] 0.8549 1 0.8503 | 0.8139 | 0.7655 | 0.6518 | 0.6098 | 0.5800

F1Score |0.8834 | 0.8665 | 0.8552 | 0.8231 | 0.7646 | 0.6770 | 0.6809 | 0.6567

Youden J
Index

RF: Random Forest, GB: Gradient Boosting, KNN: K-Nearest Neighbours,
DT: Decision Tree, MLP: Multilayer Perceptron, LR: Logistic Regression, NB:
Naive Bayes, SVM: Support Vector Machine, PPV: Positive Predictive Value.

0.7506 | 0.7143 | 0.6934 | 0.6230 | 0.5062 | 0.2900 | 0.2277 | 0.1533

The Support Vector Machine constitutes another
algorithm often employed in the realm of machine
learning. SVM aims to distinguish between classes by
measuring distances among instances belonging to
respective categories. Significantly, to achieve high
classification success, the hyperplane must remain
distant from data points of other classes, a feat
accomplished through the formation of hyperplanes.
Furthermore, support vectors are determined by
calculating the points closest to the classifier’s
margin (22).

Table Il. Resource usage of machine learning techniques

Model RF | nB | Mp | (R | knn | DT GB | svMm
Training | 8604 | 0.003 | 37491 [0.0312| 0 | 0.0227 | 36078 | 01884
time (sec)

Memory

usagein 1 z 4922 | 0.0m7 [1.6094 | 025 |0.0977| o | 14844 | 0.5977
training

(MB)

CPU usage

intraining | 418 | o 0 0 0 0 615 | 836
(%)

Testtime | 0 0 o |ooss| o o | o033
(sec)

Memory

usagein |00078| o 02734 o |o0s47| o | 0.on7 | 01445
test (MB)

CPU usage

ntestom | © 0 0 0 0 0 0 4838

(RF: Random Forest, GB: Gradient Boosting, KNN: K-Nearest
Neighbours, DT: Decision Tree, MLP: Multilayer Perceptron, LR:
Logistic Regression, NB: Naive Bayes, SVM: Support Vector

Machine).

Logistic regression is a widely utilized model in
machine learning, particularly effective in binary
classification problems. This model analyses
relationships within a dataset, modelling the connection

o

between input variables and the probability of an
event, making it a machine learning model that
generates predictions (23).

Table Ill. Resource usage of machine learning techniques

Model RF | N8 | Mp | (R | kan | DT 8 | swM
Training 14 8604 | 0.003 | 3.7491 [0.0312| 0 | 0.0227| 36078 | 01884
time (sec)

Memory

usagein | g 4922 | 0.om7 [ 16094 | 025 |0.0977| o | 14844 |05977
training

(MB)

CPU usage

in training 41.8 0 0 0 0 0 61.5 83.6
(%)

Test time 0 0 0 o |oose| o o |oo3s
(sec)

Memory

usagein 00078 o |o0273a| o [o0s47| o | com7 |0144s
test (MB)

CPU usage

neston | © 0 0 0 0 0 0 488

RF: Random Forest, GB: Gradient Boosting, KNN: K-Nearest Neighbours, DT:
Decision Tree, MLP: Multilayer Perceptron, LR: Logistic Regression, NB: Naive
Bayes, SVM: Support Vector Machine

Multilayer perceptions are often used for tasks
such as recognizing patterns, interpolating, and
classifying data. They are an improved type of the
Perception neural network, which was developed
in the early 1960s and has several limitations (24).

Statistical Analysis

The learning performance of different algorithms
was evaluated using the traditional Receiver Operating
Characteristic (ROC) curve and Area Under the
Curve (AUC). Accuracy, sensitivity, specificity,
positive predictive value, F1 score, and Youden J
Index were calculated for each algorithm (Figure
[1). The F1 Score is used in statistical analysis to
assess the balance between precision and recall in
classification tasks, providing a single value that
combines both measures and is particularly useful
for evaluating the overall performance of machine
learning models (25). The Youden J Index, employed
in statistical analysis, quantifies the overall accuracy
of a diagnostic or classification test by optimizing
the trade-off between sensitivity and specificity,
offering a single metric that encapsulates the
model’s ability to correctly identify both positive
and negative instances (26). “IBM SPSS Statistics for
Windows, Version 27.0” program was used for the
ROC (receiver operating characteristic) curve and
AUC (Area under the ROC Curve). The main criterion
for evaluating the effectiveness of a classification

HM] Il



algorithm is the accuracy rate (27).

Figure I. Correct and Incorrect Images from the dataset, the
iliac bone should be parallel to the skin, the Labrum should be
visible, and the ossified end of the ilium should be seen in the
acetabulum (6). Change in the drawing due to the iliac bone
not being parallel to the skin, left is correct, right is incorrect.

sample image.

Results

The average age of the babies in the study was
40-45 days. 47% of the participants were girls and
53% were boys. The distribution of hips studied was
50% left hip and 50% right hip. Of the infants, 60
were the first babies in the family and 40 were the
next babies in the family. There were 45 caesarean
sections and 55 normal births.

Figure Il. The calculation formulas (TP: True Positive, TN: True
Negative, FP: False Positive, FN: False Negative, PPV: Positive
Predictive Value).

TP + TN

AcCUraty = Ty P 4 TN + FN
Sensitivity = L
TP + FN
Specificity = L
TN + FP
PPV = l
TP + FP
F1 Score = 2 Sensitivity * PPV

* Sensitivity + PPV

J Statistic Youden Index = Sensitivity + Specificity — 1

Table I of the study displays the accuracy, sensitivity,
specificity, positive predictive value, F1 score, and
Youden J Index of the applied machine learning
techniques. Examination of the results suggests that
the most effective approach was the RF method,
as evidenced by sensitivity, specificity, positive
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predictive value, F1 score, and Youden J Index of
0.8762,0.8945, 0.8561, 0.8725, 0.8834, and 0.75086,
respectively. The ROC curves of different machine
learning techniques are shown in Figure lIl.

Figure Ill. ROC Curves of Machine Learning Techniques (RF:
Random Forest, GB: Gradient Boosting, KNN: K-Nearest
Neighbours, DT: Decision Tree, NB: Naive Bayes, MLP: Multilayer
Perceptron, SVM: Support Vector Machine, LR: Logistic
Regression)

ROC Curve

Source of the
Curve

RF
—GB
—KNN

DT
—NB
— MLP

— Reference Line

Sensitivity

00 02 04 06 08 10

1 - Specificity

Table Il presents a comparison of the training
and test times, training and test memory usage,
and training and test processor usage across the
algorithms utilized in the study. Some of the algorithms
recorded a resource usage of zero due to their
minimal resource consumption. Notably, the RF
algorithm demonstrated impressive performance
while utilizing the least resources in test time (0),
test memory usage (0.0078), and test processor
usage (0). The test time and processor usage are
displayed as zero because they are very close to
zero. The system under study displays them as zero.

Discussion

Acquiring the appropriate image is crucial for
automating an accurate diagnosis of DDH. This
research employed machine learning algorithms to
obtain accurate images from ultrasound recordings.
A specially prepared dataset measuring 4156x11 was
utilised in this study. Eight varied machine learning
algorithms were tested, and the Random Forest
algorithm presented the highest rate of achievement
and productivity.



Al’s image detection capabilities have been
reported in various fields, including the detection of
lung CT nodules, automatic detection of COVID-19
using chest X-ray images, and the identification of
brain tumors and Alzheimer’s lesions through brain
MRI scans (13). CNNs are purportedly benefit from
diagnosing DDH by examining anteroposterior
pelvic radiographs (28). Zhang and colleagues
(28) have reported that a deep learning system
was trained and optimized using 9081 radiographs.
Subsequently, 1138 test radiographs were employed
to compare diagnoses made by both the deep
learning system and clinicians. The deep learning
system’s diagnostic accuracy for identifying hip
dislocations was determined by the area under
the receiver operating characteristic curve (AUC),
sensitivity and specificity, scoring 0.975, 276/289
(95.5%) and 1978/1987 (99.5%), respectively.

Park and colleagues (29) assessed a deep learning
algorithm’s diagnostic accuracy in automatically
detecting DDH using anteroposterior radiographs.
The study included 5076 hip images from patients
up to 12 months old with suspected DDH. The deep
learning algorithm exhibited a sensitivity of 98.0%,
specificity of 98.1%, positive predictive value of 84.5%,
and negative predictive value of 99.8%. There was no
significant disparity in DDH diagnosis between the
algorithm and experienced paediatric radiologists.
However, radiologists lacking in paediatric radiology
experience had lower sensitivity, specificity, and
positive predictive value when compared with
the proposed model. Xu et al. carried out another
X-ray imaging study to detect DDH, achieving a
classification precision of 95% through the usage of
1265 patient images. Mask RCNN was employed for
detecting local features (30). Pham et al. created an
automated measurement for migration percentage
on pelvis radiographs with respect to hip dysplasia
using CNN. Several deep learning algorithms were
tested, and maximum accuracy of 94.5% was achieved
(3.

This study is based on ultrasound images and
machine learning for automatic detection of DDH.
Automatic detection studies for DDH, based on
ultrasound images, are prevalent in the literature with
numerous publications supporting the findings of this
study. Hu et al. developed a multi-task framework

Evaluation of Ultrasound Imaging in Developmental Hip Dysplasia with Artificial %C; HM
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that automated the evaluation of DDH through the
use of Mask R-CNN. Their recommended approach
yields 93% accuracy in identifying alpha angles below
5 degrees (32). Liu et al. (33) proposed a feature
attention network to improve the accuracy of angle
measurement for neonatal femur segmentation
using ultrasound. The network utilises 400 images
obtained from a publicly available dataset, resulting
in a reduction of doctors’ error rates from 6-10% to
2%. Another related study by Chen et al. presented
a deep learning-based computer-aided framework
for diagnosing DDH. The framework automatically
detects standard planes and measures angles
for Graft type | and type Il hips. They reported a
classification accuracy of 94.71%. Additionally, they
explored a standard plane scoring module to calculate
the scoring formula and identify the most suitable
ultrasound image, which is similar to the proposed
study (14).

Huang et al. (34) constructed a network in
accordance with the guidelines of the American
College of Radiology (ACR) and the American
Institute of Ultrasound in Medicine (AIUM). Their
goal was to devise an innovative technique for the
automatic measurement of ultrasound-based DDH
using deep neural networks (DNN).

Based on the findings presented in Table I, our
study demonstrates that integrating the model
into a real-time decision support system is easily
achievable. The model demonstrated outstanding
performance with the highest accuracy value of
0.8762. The precision, recall, and F1-score metrics are
consistent with this outcome, indicating the reliability
of the model. Additionally, the confusion matrix in
Figure | shows that the model has an accuracy rate
of 89.45% in identifying false images. These results
indicate that the likelihood of selecting an incorrect
image is only 10.55%.

Well-trained and accurate ultrasound images are
crucial in all of these studies. If individuals lack the
experience to precisely measure the angles of the
images, the diagnosis of DDH may be compromised.
The acquisition of reliable and precise images is
essential for correctly diagnosing DDH (32, 34). Our
goal is to mitigate the issues arising from inaccurate
image acquisition and evaluation. We assume that
it is possible to help less experienced people by
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defining what is true and false of the image. This
problem is our motivation to carry out this study
using 3600 photographs taken from 100 subjects. In
this study, 8 different machine learning algorithms
were used to develop the correct image decision-
making support system.

The study has limitations, notably a small sample
size. Further research with a larger sample size is
required to enable generalization of the results.
Additionally, our study did not employ the Graf
classification system, precluding knowledge of the
sample types according to Graf. This is an important
consideration for treatment decisions. Although the
determination of measurement points is a matter
of physician experience, in our study there were no
reference points that could not be determined due
to image quality and baby age. The effect of the
ultrasound machine used, the image quality and the
baby’s age on the clinician’s ultrasound scan can be
evaluated in future studies.

Conclusion

Machine learning algorithms are capable of
evaluating ultrasound images for the diagnosis of
developmental dysplasia of the hip (DDH). Early-stage
diagnostic accuracy can be enhanced through the
identification of appropriate images by physicians.
Furthermore, the integration of machine learning
into ultrasound devices may reduce the occurrence
of false evaluations in DDH diagnosis.

Our study also offers valuable insights into
diagnostic approaches by demonstrating the potential
of artificial intelligence to differentiate between
normal hip cases and DDH cases without the need
for angle measurements in ultrasound images.

HMJ Olcar HA, Kéksal AS, Altintas O, et. al.
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Prediction of Myometrial Invasion Depth and Staging in Endometrial Cancer Patients
with Three-Dimensional Ultrasonography Using VOCAL Technique: A Prospective
Study

ABSTRACT

Objective: In this study, the aim was to compare preoperative endometrial volume measurements using
three-dimensional transvaginal ultrasonography in cases of endometrioid type endometrial cancer with both
intraoperative frozen results and final pathology results.

Material and Method: Ultrasonography was performed using a GE Voluson E6 ultrasound device with a three-
dimensional transvaginal probe immediately before surgery for all endometrial cancer patients who had
endometrial biopsy results of the endometrioid type. Endometrial volume measurement was calculated in cm?
using the VOCAL method for uterine total volume measurement, and drawings were made for endometrial
thickness and disease-free myometrial volumes. Volume measurements were prospectively recorded along with
frozen and final pathology results.

Results: A total of 50 patients were included in the study. There was no statistically significant difference
between three-dimensional transvaginal ultrasonography measurements of endometrium, myometrium, and
uterine volumes when myometrial invasion was less than or greater than 50% (p=0.3, p=0.3, p=0.6, respectively).
Similarly, no statistically significant difference was found in the ratio of endometrial volume to uterine volume
when evaluating myometrial invasion below and above 50% (p=0.27).

Conclusion: While three-dimensional transvaginal ultrasonography offers the possibility of three-dimensional
volume measurement of the uterus and holds promise for predicting myometrial infiltration, our study has shown
that it is still a technique that requires further investigation. More research is needed to assess its usability in the
context of endometrial cancer invasion.

Keywords: Endometrial cancer, predictiveness, prognosis, three-dimensional ultrasonography, ultrasonography.

OZET

Amagc: Bu calismada, endometrioid tip endometrium kanserli vakalarin G¢ boyutlu - transvajinal ultrasonografi ile
preoperatif endometrial volim &lctimlerinin hem intraoperatif frozen sonuclari hem de nihai patoloji sonuclart ile
karsilastiriimasi hedeflenmistir.

Gere¢ ve Yontem: CEndometrial biyopsi sonuclari endometrioid tip gelen, operasyon i¢in hospitalize edilen tim
endometrium kanseri hastalarina operasyondan hemen énce GE Voluson E6 ultrasonografi cihazi ile (¢ boyutlu
transvajinal probu kullanilarak ultrasonografi yapildi. Endometrial volim &6lciimd, uterin total volim &lcimU
VOCAL yontemi kullanilarak; endometrium kalinligi ve hastaliksiz myometrium volUmleri ¢izim yapilarak cm?
olarak hesaplandi. Volim &lctimleri, frozen ve nihai patoloji sonuclari prospektif olarak kaydedildi.

Bulgular: Calismaya toplam 50 hasta dahil edildi. Myometerium invazyonunun %50’den az ya da cok olmasi ile,
Uc¢ boyutlu - transvajinal ultrasonografi ile yapilan endometrium, myometrium ve uterus voliim élciimleri arasinda
istatistiksel anlamli fark saptanmamistir (sirasiyla p=0,3, p=0,3, p=0,6). Endometrium volimunin uterus volimine
orani degerlendirildiginde yine myometrial invazyon %50 altinda ve Uzerinde olan gruplarda istatistiksel anlaml
fark saptanmamistir (0=0,27).

Sonug: Uc¢ boyutlu - transvajinal ultrasonografi uterusun U¢ boyutlu volim élcimine olanak sagdladigindan,
myometrial infiltrasyon prediksiyonunda umut vaadedici olsa da, ¢calismamizin sonucu da gdstermistir ki halen
arastiriimasi gereken bir tekniktir. Endometrial kanser invazyonu acisindan kullanilabilirligini élcebilmek adina
daha cok calismaya ihtiyac vardir.

Anahtar So6zciikler: Endometrium kanseri, prediktivite, prognoz, ultasonografi, Gi¢c boyutlu ultrasonografi.




Giris

Endometrium kanseri kadinlarda gorUlen en sik
pelvik kanserdir (1). Tedavide FIGO (International
Federation of Gynecology and Obstetrics) kriterlerine
gore cerrahi evreleme ve buna gdre total histerektomi,
salpingooferektomi ve batin yikama sivisindan sitolojik
calisma yapilmasi rutindir. Ancak disuk riskli grupta
lenfadenektomi yapilmasi tartismali konulardan
biridir (2). Prognozu etkileyen en dnemli faktorler
FIGO evresi, myometrial infiltrasyon, histolojik tip
ve tUmo&r grade’i olarak bilinmektedir. Myometrial
infiltrasyonun % 50°den fazla olmasi hem pelvik lenf
nodu metastazi hem de parametriyal yayilim acisindan
6nemlidir ve surveyi tek basina belirleyen en dnemli
faktoérdir (3). Myometrial invazyonun bilinmesi;
operasyon dncesi disik ve yiksek risk ayriminin
yapllmasina, operasyon planinin ¢izilmesine ve gerekli
olmayan bir lenfadenektomiden kacinilmasina olanak
saglayabilir.

Myometrial infiltrasyonun belirlenmesinde
transvajinal ultrasonografinin (TVUSG) kullanimi
ilk defa 1989 yilinda bildiriimis ve bu tarihten itibaren
konuyla ilgili arastirmalar cogalmistir (4). Gelisen
teknoloji ile birlikte de U¢ boyutlu transvajinal
sonografinin (3D - TVUSG) kullanima girmesi konuya
daha ciddi bir bakis acisi saglamistir. 3D - TVUSG’nin
Olcimlere pek cok dikey eksen eklemesi sayesinde
daha kesin volium &lcimleri saglanabilmektedir.
Bilgisayar destekli VOCAL (virtual organ computer-
aided analysis, VOCAL™) programi sayesinde ise
rotasyonel volimetrik lcimler ile dokunun U¢ boyutlu
hacim hesabi yapilabilmektedir. Yakin zamanda
yapiimis tek bir prospektif calismada myometrial
invazyonun tespitinde %88 spesifite, %100 sensitivite
ve %100 negatif prediktif oran ile endometrial kanser
vakalarinda 3D-TVUSG kullanilabilecegi bildirilmistir
(5). Literattrde bu alanda yapilan ¢alisma sayisinin
sinirlrolmasi nedeniyle 3D-TVUSG heniiz rutin pratikte
kullanima girememis olup, bu konuda ek calismalara
ihtiyac vardrr.

Biz de mevcut calismamizda prospektif olarak, en
sik gorilen histopatolojik alt tip olan endometrioid
tip endometrium kanserli vakalarin 3D - TVUSG ile
preoperatif endometrial volim 6l¢ctimlerinin hem
intraoperatif frozen sonuclar hem de nihai patoloji
sonuclariile korelasyonunu karsilastirmayi hedefledik.
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Gere¢ ve Yontem

Calismaya etik kurul onayi alindiktan sonra basland..
2017-2019 yillari arasinda tersiyer merkezde kadin
hastaliklari ve dogum klinigine basvurmus, endometrial
biyopsi sonuclari endometrioid tip endometrium
kanseri grade 1ve grade 2 olarak raporlanan 50 hasta
dahil edildi. Grade 3 endometrioid tip kanserler ve
diger histolojik tip endometrium kanserleri calismaya
dahil edilmedi.

Bu prospektif calisma, endometrial biyopsi sonuclari
endometrioid tip olarak bildirilen ve cerrahi mtidahale
planlanan endometrium kanseri tanili hastalarda,
Uc boyutlu transvajinal ultrasonografi (3D-TVUSG)
kullanilarak yapilan preoperatif endometrial hacim
Olcimlerinin intraoperatif frozen sonuclari ve nihai
patoloji sonuclariile korelasyonunu degerlendirmeyi
amaclamaktadir. Calisma, 2017-2019 yillari arasinda,
tersiyer bir saglik merkezinin kadin hastaliklari
ve dogum klinigine basvuran 50 hasta Uzerinde
gerceklestirilmistir. Bu calisma icin ilgili etik kurul
onay! alinmistir.

Hasta Secimi

Calismaya yalnizca endometrioid tip endometrium
kanseri tanisi alan grade 1 ve grade 2 hastalar dahil
edilmistir. Grade 3 endometrioid kanserler ve diger
histolojik tip endometrium kanserleri calisma kapsami
disinda birakilmistir.

GOrtintileme Protokold

Operasyondan hemen énce, tim hastalara GE
Voluson E6 ultrasonografi cihazi kullanilarak 3D
transvajinal prob ile gérintileme yapilmistir. Bu
gdérintileme sirasinda 2D modda endometrial
kalinhik (mm) ve timoral infiltrasyon gdzlemlenmeyen
myometrium kalinliklari 6lctlmustdr. Endometrial
volim hesaplamalari, uterin toplam volim él¢ctimleri
icin VOCAL (Virtual Organ Computer-aided AnaLysis)
yontemi kullanilarak yapilmistir. VOCAL ydntemi,
30° rotasyon acisiyla yapilarak toplamda 6 kesit
kullanilarak gerceklestirilmistir. Bu islem sirasinda,
endometrium ve hastaliksiz myometrium volUmleri
manuel cizimler yapilarak dlciim yapilmistir. Olciimler
cm’ cinsinden kaydedilmistir.

Cerrahi Protokol ve Frozen incelemesi

Goruntdleme islemleri tamamlandiktan sonra
hastalar, deneyimli bir jinekolojik onkoloji cerrahi ekibi
tarafindan opere edilmistir. Preoperatif dénemde
3D-TVUSG sonuclari cerrahi ekibe sunulmamistir.
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Standart cerrahi evreleme protokolline gbére tim
hastalarda intraoperatif frozen kesitler alinmis ve
patolojik degerlendirmeleri yapilmistir. Cerrahi
sonrasinda elde edilen frozen sonuclari ile nihai
patoloji sonuclari, tek merkezde ve ayni patoloji ekibi
tarafindan degerlendirilen spesmenler Uzerinden
karsilastiriimistir,

Veri Toplama ve Analiz

Tam ultrasonografi ve cerrahiislemler, 3D TVUSG
deneyimi olan tek bir jinekolog onkolog tarafindan
gerceklestirilmis, bdylece dlcimler arasi subjektif
farklar minimize edilmistir. Patolojik spesimenlerin
degerlendirilmesi sirasinda, myometrial invazyon
derinligi, endometrial kalinhk, myometrial ve uterin
volimler gibi parametreler prospektif olarak kayit
altina alinmustir.

Istatistiksel Analiz

Veriler SPSS version 22 kullanilarak analiz
edilmistir. Verilerin normal dagilima uygunlugu
“Kolmogorov-Smirnov” ve “Shapiro-Wilk” testi
kullaniimistir. Normal dagdilima uyan veriler icin
ortalama * standart sapma, normal dagilima uymayan
veriler icin ortanca ile 25. ve 75. Persentil degerleri
kullaniimistir, kategorik veriler yizde (%) olarak
verilmistir. Kategorik degiskenlerin karsilastiriimasi
“Chi-Square Test” kullanilarak yapilmistir. Bagimsiz
gruplar arasinda normal dagilima uymayan sayisal iki
grup verilerinin karsilastirilmasinda “Mann Whitney U
Test” kullanilmistir. Normal dagilima uymayan sayisal
verilerin korelasyonunda Spearman korelasyon testi
kullanilmistir. 3D TVUSG 6lctimlerinin nihai patoloji
sonuclarini 6ngdrmede tanisal karar verdirici dzellikleri
ROC egdrisi analizi ile incelenmistir. Degerler arasi
uyumun gUvenilirligini tespit edebilmek icin “Cohen
Test” kullanilmistir.

Bulgular

Endometrioid tip endometrium kanseri tanil toplam
50 hastaya klinigine, evresine, timdr derecesine gdre
cerrahi yapildi. Calismaya dahil edilen hastalarin
yaslarinin ortalamasi ve standart sapmalari sirasiyla
60,9+8,7, vicut kitle indeksi ortalamasi 33,1+7,2 (kg/
cm?) idi. Hastalarin karakteristik 6zellikleri Tablo I'de
verilmistir.

Tum hasta grubunda endometrium kalinligin
TVUSG ile élctilen median degeri 13 mm (min-
max:0-41) olarak saptandi. Tum hasta grubunda

TVUSG ile 6lctlen uterus boyutlari 40 mm (min-
max:21-76) mm olarak hesaplandi. Yapilan sonografik
vaskularizasyon élcimlerinde hastalarin 22 hastada
(%44) hi¢ kanlanma izlenmemis, 8 hastada (%16) tek
damarlanma, 11 hastada (%22) multiple damarlanma
ve 9 hastada (%18) dallanan damar yapisi oldugu
gorulmustir. Hastalarin 3D olarak volimetrik dlctimleri
degerlendirildiginde median endometrium volimu
6,1cm? (min-max: 0,3-78) olarak hesaplandi. Uterus
volimu ise median 62 cm?3 (min-max: 20-411) olarak
bulunmustur. Uterin volimin endometrium volimine
oraninin mediani 9 (min-max: 0,5-72) olarak tespit
edilmistir.

Tablo I. Hastalarin Karakteristik Ozellikleri

n %

Kanlanma

Yok 22 %44

Tek 8 %16

Multiple 1 %22

Dallanan 9 %18
Operasyon

TLH, BSO 29 %58

TAH, BSO 9 %18

TLH, BSO, PLND 2 %4

TAH, BSO, PPLND, Omentektomi 10 %20
Frozen

invazyon Yok 9 %18

Yuzeyel 10 %20

1/3 Invazyon 4 %8

1/2 ‘den Az invazyon 16 %32

Y»’den Fazla invazyon n %22
Nihai Patoloji

%50'den Az 38 %76

%50’den Fazla 12 %24

TUum hasta grubunda patolojik myometrial invazyon
ylUzdesinin mediani %25 (min-max: 0-100) olarak
saptanmistir. Nihai patolojide myometrial invazyonu
%50’nin altinda olan 38 hasta (%76) ve %50’nin
Uzerinde olan 12 hasta (%24) oldugu saptanmistir.
Nihai patoloji ile frozen uyumuna bakildiginda, tim
hastalarda genel uyum degerlendirildiginde 50
hastanin 45’inde nihai patoloji ve frozen sonuclari
uyumlu izlendi (%90, p<0.001, kappa degeri 0,805,
mUkemmel uyum).



Tablo 1. 3D USG Voliim Olctimlerin Nihai Endometrial invazyon

ile iliskisi
3D USG Voliim _ Nihai Pat9|01| . _ Nihai Pat?|OJI _
Olcamleri Invazyon Ylzdesi Invazyon Ylzdesi
< %50 >%50
Median | Min-Max | Median | Min-Max | p degeri

Endometrium 6 0,3-78,2 6,9 1,3-47,6 0.33
Myometrium 14,4 5-29,5 1,9 4-38 0.32
Uterus 63 20-411 62,3 18,8-159,8 0.61
Endometrium/ | ¢, 05723 | 213 2-375 0.21
Uterus

Endometriumun 3D voltmetrik 6lcim sonuclari
ile myometrial invazyon derecesinin korelasyonu
degerlendirildiginde istatistiksel anlamli fark saptanmis,
pozitif yonde ylksek diizeyde korelasyon oldugu tespit
edilmistir (0=0.04, r=0.77). Uterus ve myometrial volim
Olcimleriile patolojik myometrium invazyon derecesi
arasindaki korelasyon degerlendirildiginde istatistiksel
anlamli fark saptanamamistir (0>0.2 ve p>0.5).
3D-USG’de endometrium volimu icin bir cut-off
degerinin, %50 den fazla myometerium invazyonunu
tahmin etmedeki etkinliginin degerlendirilmesiicin
ROC analizi yapildi. ROC analizinde yeterli sensitivite
ve spesifiteye ait bir deger saptanmadi. Bu nedenle,
endometrium volimut 3D USG sonuclarinin medianina
gore hastalar iki gruba ayrildi. Endometrium volimu
dusdk olan grup ile yUksek olan grup arasinda
myometrium invazyonu arasinda iliski saptanmadi
(p=0.42)

Myometrial invazyonu derecesi <%50 ve >%50
invazyon olan hastalarin sonuclarini ayri ayri
degerlendirilmistir. Myometerium invazyonunun %
50’den az ya da ¢cok olmasi ile, 3D-USG ile yapilan
endometrium, myometrium ve uterus volim élciimleri
arasinda istatistiksel anlaml fark saptanmamistir
(sirasiyla p=0.3, p=0.3, p=0.6). Endometrium
volUmUndn uterus volimine orani degerlendirildiginde
yine myometrial invazyon %50 altinda ve Uzerinde
olan gruplarda istatistiksel anlamli fark saptanmamistir
(p=0.21) (Tablo II).

Tartisma

Endometrium kanserinde lenfadenektomi tedavi
ve evreleme icin en 6nemli prosedir olmakla birlikte
erken evre endometrium kanserinde sag kalim
Uzerine belirgin etkisi olmadigi uzun zamandir
bilinmektedir (6). Diger taraftan lenf nodu metastazi
5 yillik hastaliksiz sag kalimi %80-90 dan %54’e
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dustrmektedir. DUsUk gradeliendometrium kanserinde
myometrial invazyon %50’nin Uzerine c¢iktigi
durumlarda lenf nodu metastaz riski %4’ten %15’e
citkmaktadir (7). Bu nedenle myometrial invazyon
erken evrede lenf nodu metastazi icin en dnemli
risk faktértdir. Myometrial invazyon derinliginin
belirlenmesinde altin standart histopatolojik tani
olmakla birlikte preoperatif manyetik rezonans (MRI)
gbrinttleme ve transvajinal ultrasonografi (TV-USG)
ile myometrial invazyon prediksiyonu mdmkindur
(8). MRl invazyon derinligini %83 sensitivite ve %93
spesifite ile dogru olarak belirleyebilmektedir (9).
TV-USG’nin sensitivitesi ise %75 daha disuk olarak
izlenmekte iken spesifitesi %86 olarak bulunmustur
(10). Diger bir calismada TV-USG myometrial invazyon
yakalama sensitivitesi %68,4 olarak daha dusuk
hesaplanmistir (11). Myometrium ve endometrium
arasindaki bileskeyi ayirmak cogunlukla kolay olsa da
ikisi arasindaki herhangi bir kesitteki dtizensizlikleri
izlemek zor olabilir ve myometrial invazyon tahminlerini
yaniltabilir (12). 3D ultrasonografi ise myometriumu
bircok kesiti ile degerlendirebilir; bu sayede myometrial
invazyon daha dogru degerlendirilebilir (5).

LiteratUrde yapilan calismalarin blytk cogunlugunda
MRI ile myometrial invazyon derinligi dederlendirme
sonuclarinin tanisal dogrulugu 2D ve 3D TV-USG
6lcimlerine gdre daha yuksek bulunmustur (13,
14). Ornegin, Torricelli ve arkadaslari, MRl ile yapilan
Slcimlerin %83 sensitivite ve %93 spesifiteye sahip
oldugunu gostermistir (9). Buna karsin, TVUSG’nin
sensitivitesi %75 gibi daha dusUk bir seviyede
kalirken, spesifitesi %86 olarak hesaplanmistir.
Bu calismalarin aksine Yildirim ve arkadaslarinin
2018 yilinda yayinladigi sonuclarda 3D TV-USG ile
myometrial invazyon derinligini MR’dan da daha iyi
tahmin edebilme sansi oldugunu gdstermektedir.
MRI'dan daha kolay, ucuz ve etkili bir gérinttleme
yontemi olarak izlenmistir (8). Bu calismada hedefimiz;
maliyeti minimale indirecek sekilde, MRI uygulamasi
yapllmaksizin rutin yapilan TV-USG ile dogru evreleme
yapip operasyonu ydnlendirmektir.

Stachowiak ve arkadaslarinin yaptigi baska bir
calismada, grade 2 endometrium kanseri hastalarinda
3D ultrasonografi ile yuksek endometrial volim
Olcimleri gézlemlenmis ve bu bulgular anlamli
bulunmustur; ancak grade 1vakalar kontrol grubuyla
karsilastirildiginda anlamli bir fark saptanmamustir (15).



Prediction of Myometrial Invasion Depth and Staging in Endometrial Cancer Patients with

Three-Dimensional Ultrasonography Using VOCAL Technique: A Prospective Study

Calismamizda grade 1endometrium kanseri hastalari
cogunlukta olup volim élctimdnin istatistiksel olarak
anlamli sonuclar vermemesi literatlrle bu acidan
da uyumludur. Calismamizin bir kisithhgr kontrol
grubu olmamasi ve volim &lcimlerinin kontrol
grubu ile karsilastirlamamasi olarak kabul edilebilir.
Diger yandan 3D USG evreleme prediksiyonunda
yararli bir ydéntem olmakla birlikte subjektif bir
tani yéntemidir. Myometrial invazyon derinliginin
objektif olarak tahmin edilmesi icin 3D-TVUSG’nin
objektif yapiimasi gerekmektedir ve bunun icin
3D-TVUSG 6grenme egrisi standardize edilmelidir;
bu sekilde test performansi arttirilabilir (16). Bizim
calismamiz literatirle uyumlu sekilde operasyon
sirasindaki frozen sonucunun myometrial invazyon
derinligine gére operasyonun seklinin belirlenmesi,
lenfadenektomi karari verilmesi acisindan standart
prosedir oldugunu gostermektedir.

GoruntUleme ydontemleriile myometrial invazyonu
degerlendirmek cerrahi plani icin yardimci olur.
Ancak calisma sonuclarimiz deneyimli 2D USG ile
evreleme prediksiyonu yeterliligini gdstermektedir.
3D USG volim dlctimleriile 3D volim él¢ctimlerinde
prediksiyon icin cut-off deger belirlemek 6nemlidir.
Bu nedenle daha fazla sayida hastada 3D TVUSG
uygulamasi gereklidir. Ancak cut-off belirlenmesi
halinde bile ultrasonografi subjektif bir test olarak
degerlendirmektedir; bu nedenle ultrasonografinin
deneyimli klinisyen tarafindan uygulanmasi
6nemlidir. Ergenoglu ve arkadaslarinin calismasiise,
3D-TVUSG’nin, myometrial invazyonu 6ngérmede
subjektif 6lcim hatalarini azaltabilmek icin belirli bir
6grenme egdrisine ihtiyac duydugunu belirtmektedir
(17). Yang ve arkadaslarinin 2019’da yaptidi calismada
MRI ve 3D-USG kombine edildiginde myometrial
invazyon ve servikal invazyon prediksiyonlarinin
sensitivitesinin arttigini, spesifitesinin azaldigini
gbstermistir. Calismada sensitivitedeki artis operasyon
seklinin ve endometrium kanseri cerrahisinin
kisisellestirilebilecedini belirtmektedir. Bunun yani
sira 3D- USG ile lenf nodu metastazi prediksiyonu
yapilamamaktadir. Calismamizda maliyet azalmasi
amacl ile MRI élctimleri yapilmamistir; ancak Yang
ve arkadaslarinin calismasi tek basina 3D USG
6lcimlerinden ziyade USG’nin MRI gérintilemeile
kombine edilerek cerrahi plani kisisellestirilebilecegini
gostermektedir (18).

Hasta sayisinin azhgi calismamizin kisitliliklar
arasinda yer almaktadir. Ek olarak randomize
bir calisma olmamasi nedeniyle hasta yaslarinin
benzer olmamasi ¢alismanin bir limitasyonu olarak
godsterilebilir. Ek olarak klretaj 6éncesi dlcimler
yapilamamis olup, kiretaj dncesi dlcimler ile calisma
sonuclariarasindaki iliskinin irdelenecegi calismalar yol
gdsterici olabilir. USG'nin tek klinisyen ve operayonlarin
tek ekip tarafinca yapilmasinin subjektif farkliliklari en
aza indirdigi dustntlmektedir. Ozellikle 3D-TVUSG
ve MRI gibi yédntemlerin kombine kullanimi, bazi
calismalarda invazyon tespiti acisindan avantaj
sagdlamistir. TVUSG’de volUm 6l¢ctimleri ve oranlarinin
evre belirlemesi amaci ile kullanilmasi icin cut-off
degerler belirlenmelidir. Bu amacla hasta sayisinin
arttinldigir calismalar ve normal endometrium ve
myometrium volimlerinin normal dagilimlarinin
degerlendirilebilecedi yeni calismalar planlanabilir.
Sonucta 3D TVUSG uterusun ¢ boyutlu volim
6lcimine olanak sagladigindan, myometrial
infiltrasyon prediksiyonunda umut vaadedici olsa
da, calismamizin sonucu da gostermistir ki halen
arastiriimasi gereken bir tekniktir. Endometrial kanser
invazyonu acisindan kullanilabilirligini 6lcebilmek
adina daha cok calismaya ihtiyac vardir.

Kaynaklar

1. Deo S, Sharma J, Kumar S. GLOBOCAN 2020 report on
global cancer burden: challenges and opportunities for surgical
oncologists. Annals of Surgical Oncology 2022;29(11):6497-6500.
2. May K, Bryant A, Dickinson HO, Kehoe S, Morrison J.
Lymphadenectomy for the management of endometrial
cancer. Cochrane Database of Systematic Reviews 2010 Jan
20:(1):CD007585.

3. Larson DM, Connor GP, Broste SK, Krawisz BR, Johnson KK.
Prognostic significance of gross myometrial invasion with
endometrial cancer. Obstetrics & Gynecology 1996;88(3):394-398.
4. Cacciatore B, Lehtovirta P, Wahlstrém T, Ylanen K, Ylostalo P.
Contribution of vaginal scanning to sonographic evaluation of
endometrial cancer invasion. Acta Oncologica 1989;28(4):585-
588.

5. Ergenoglu M, Akman L, Terek M, et al. The prediction of
myometrial infiltration by three-dimensional ultrasonography
in patients with endometrial carcinoma: a validation study
from Ege University Hospital. Medical Ultrasonography
2016;18(2):201-206.

6. Benedetti Panici P, Basile S, Maneschi F, et al. Systematic

: HM] [



6
3

S
(5

HM]J

pelvic lymphadenectomy vs. no lymphadenectomy in early-
stage endometrial carcinoma: randomized clinical trial. J Natl
Cancer Inst 2008;100(23):1707-1716.

7. AlHilliMM, Podratz KC, Dowdy SC, et al. Risk-scoring system
for the individualized prediction of lymphatic dissemination
in patients with endometrioid endometrial cancer. Gynecol
Oncol 2013;131(1):103-108.

8.Yildirim N, Saatli B, Kose S, et al. Predictability of myometrial,
lower uterine segment and cervical invasion with 3D transvaginal
ultrasonography and magnetic resonance imaging in endometrial
cancer patients: a prospective cohort study. Med Ultrason
2018;20(3):348-354.

9. Torricelli P, Ferraresi S, Fiocchi F, et al. 3-T MRI in the
preoperative evaluation of depth of myometrial infiltration
in endometrial cancer. American Journal of Roentgenology
2008;190(2):489-495.

10. Alcazar JL, Gaston B, Navarro B, Salas R, Aranda J, Guerriero
S. Transvaginal ultrasound versus magnetic resonance imaging
for preoperative assessment of myometrial infiltration in
patients with endometrial cancer: a systematic review and
meta-analysis. J Gynecol Oncol 2017;28(6):e86.

11. Akbayir O, Corbacioglu A, Numanoglu C, et al. Preoperative
assessment of myometrial and cervical invasion in endometrial
carcinoma by transvaginal ultrasound. Gynecol Oncol
2011;122(3):600-603.

12. Haldorsen IS, Salvesen HB. What Is the Best Preoperative
Imaging for Endometrial Cancer? Curr Oncol Rep 2016;18(4):25.
13. Christensen JW, Dueholm M, Hansen ES, Marinovskij E,
Lundorf E, Ortoft G. Assessment of myometrial invasion in
endometrial cancer using three-dimensional ultrasound and
magnetic resonance imaging. Acta Obstet Gynecol Scand
2016;95(1):55-64.

14. Saarelainen SK, Koobi L, Jarvenpaa R, Laurila M, Maenpaa
JU. The preoperative assessment of deep myometrial invasion
by three-dimensional ultrasound versus MRI in endometrial
carcinoma. Acta Obstet Gynecol Scand 2012;91(8):983-990.
15. Stachowiak G, Zajac A, Pertynska-Marczewska M, Stetkiewicz
T. 2D/3D ultrasonography for endometrial evaluation in a
cohort of 118 postmenopausal women with abnormal uterine
bleedings. Ginekol Pol 2016;87(12):787-792.

16. Spagnol G, Noventa M, Bonaldo G, et al. Three-dimensional
transvaginal ultrasound vs magnetic resonance imaging for
preoperative staging of deep myometrial and cervical invasion
in patients with endometrial cancer: systematic review and
meta-analysis. Ultrasound Obstet Gynecol 2022;60(5):604-611.
17. Ergenoglu M, Akman L, Terek MC, et al. The prediction of
myometrial infiltration by three-dimensional ultrasonography

Isik G, Mutlu Sttciodlu B, Soykan Y, Kazanci F, Erdem O, Onan MA.

in patients with endometrial carcinoma: a validation study from
Ege University Hospital. Med Ultrason 2016;18(2):201-206.

18. Yang T, Tian S, Li Y, et al. Magnetic Resonance Imaging
(MRI) and Three-Dimensional Transvaginal Ultrasonography
Scanning for Preoperative Assessment of High Risk in Women
with Endometrial Cancer. Med Sci Monit 2019;25:2024-2031.



HITIT MEDICAL JOURNAL

HITiT UNIVERSITESI TIP FAKULTESI DERGISI

e-ISSN: 2687-4717 Cilt|Volume: 7 » Sayillssue: 1 - Subat|February 2025

Is Pulsed Radiofrequency of C2 Dorsal Root Ganglion an Option
for Tinnitus Treatment?

C2 Dorsal Kék Gangliyonuna Pulse Radyofrekansi Tinnitus Tedavisinde Bir Secenek Midir?

Mustafa Kurcaloglu™ ¢ | Esra Kavaz Ustu?
Pinar Uzun Uslu' & | Alaiddin Domag?
Fatih Ozkan' ( | Fuat Giildogus' @ |

| Cemal Yasar?
| Senem Cengel Kurnaz?

| Firdevs Yilmazlar' @& |
| Ozgiir Kemal2 @ |

'Ondokuz Mayis University, Faculty of Medicine, Department of Anesthesiology and Reanimation, Pain Clinic, Samsun, Turkiye
20Ondokuz Mayis University, Faculty of Medicine, Department of Otolaryngology, Samsun, Turkiye
3Bafra State Hospital, Department of Anesthesiology and Reanimation, Samsun, Turkiye

Sorumlu Yazar | Correspondence Author
Mustafa Kurcaloglu
mkurcal@gmail.com

Address for Correspondence: Ondokuz Mayis University,Faculty of Medicine, A Floor, Department of Algology, 55200, Atakum, Sam-

sun, Tarkiye

Makale Bilgisi | Article Information

Makale Tiirii | Article Type: Arastirma Makalesi | Research Article
Doi: https://doi.org/10.52827/hititmed].1541358

Gelis Tarihi | Received: 02.09.2024

Kabul Tarihi | Accepted: 27.12.2024

Yayim Tarihi | Published: 25.02.2025

Atif | Cite As

Kurcaloglu M, Kavaz Ustu E, Yasar C, et al. Is Pulsed Radiofrequency of C2 Dorsal Root Ganglion an Option for Tinnitus Treatment? Hitit
Medical Journal 2025;7(1):95-100. https://doi.org/10.52827/hititmed;].1541358

Hakem Degerlendirmesi: Alan editéri tarafindan atanan en

az iki farkl kurumda calisan bagimsiz hakemler tarafindan
degerlendirilmistir.

Etik Beyani: Calisma icin 17/01/2024 tarihinde Ondokuz Mayis
Universitesi Klinik Arastirmalar Etik Kurulu’'ndan onay alinmistir.
Karar no: 2024/12.

intihal Kontrolleri: Evet (iThenticate)

Cikar Catismasi: Yazarlar calisma ile ilgili cikar catismasi beyan
etmemistir.

Sikayetler: hmj@hitit.edu.tr

Katki Beyani: Fikir/Hipotez: MK, EKU, CY, FY, PUU, AD, SCK, OK,
FO, FG Tasarim: MK, EKU, CY, FY, PUU, AD, SCK, OK, FO, FG Veri
Toplama/Veri Isleme: MK, EKU, CY, FY, PUU, AD, SCK, OK, FO, FG
Veri Analizi: MK, EKU, CY, FY, PUU, AD, SCK, OK, FO, FG Makalenin
Hazirlanmasi: MK, EKU, CY, FY, PUU, AD, SCK, OK, FO, FG.

Hasta Onami: Gerek yoktur.

Finansal Destek: Bu calisma ile ilgili herhangi bir finansal
kaynaktan yararlaniimamistir.

Telif Haki & Lisans: Dergi ile yayin yapan yazarlar, CC BY-NC 4.0
kapsaminda lisanslanan calismalarinin telif hakkini elinde tutar.

Peer Review: Evaluated by independent reviewers working in the
at least two different institutions appointed by the field editor.
Ethical Statement: : Approval for the study was obtained from the
Ondokuz Mayis University Clinical Research Ethics Committee on
17/01/2024. Decision no: 2024/12.

Plagiarism Check: Yes (iThenticate)

Conflict of Interest: The authors declared that, there are no
conflicts of interest.

Complaints: hmj@hitit.edu.tr

Authorship Contribution: Idea/Hypothesis: MK, EKU, CY, FY, PUU,
AD, SCK, OK, FO, FG Design: MK, EKU, CY, FY, PUU, AD, SCK, OK,
FO, FG Data Collection/Data Processing: MK, EKU, CY, FY, PUU, AD,
SCK, OK, FO, FG Data Analysis: MK, EKU, CY, FY, PUU, AD, SCK, OK,
FO, FG Manuscript Preparation: MK, EKU, CY, FY, PUU, AD, SCK,
OK, FO, FG.

Informed Consent: Not applicable.

Financial Disclosure: There are no financial funds for this article.
Copyright & License: Authors publishing with the journal retain
the copyright of their work licensed under CC BY-NC 4.0.


https://orcid.org/0000-0002-5563-2414
https://orcid.org/0000-0002-6297-6012
https://orcid.org/0000-0002-5238-9543
https://orcid.org/0000-0001-5294-6955
https://orcid.org/0000-0002-6231-3892
https://orcid.org/0000-0001-7869-1188
https://orcid.org/0000-0001-6552-1614
https://orcid.org/0000-0002-6419-6204
https://orcid.org/0000-0002-1215-3966
https://orcid.org/0000-0002-1301-428X
https://doi.org/10.52827/hititmedj.1541358

Is Pulsed Radiofrequency of C2 Dorsal Root Ganglion an Option for Tinnitus Treatment?

ABSTRACT

Objective: Tinnitus is a chronic problem with low treatment success. Pulsed radiofrequency application (PRF) to
the second cervical dorsal root ganglion (C2 DRG) has been suggested as a possible treatment for tinnitus. This
study aimed to evaluate the effectiveness of C2 DRG PRF for tinnitus.

Material and Method: Patients who underwent C2 DRG PRF treatment due to chronic tinnitus were included
in this retrospective study. PRF was performed using a 5 cm length with a 5 mm active tip RF electrode for 4
minutes under a C-arm fluoroscopic view. The Tinnitus Handicap Inventory (THI) was applied before and one
month after the procedure. Significant symptom relief was regarded as a 50% decrease in THI scores at a one-
month check-up visit.

Results: A total of 22 patients were included in the study. Mean THI scores before, and one month after the
procedure were 42.36+25.43 and 37.31+25.04, respectively (p=0.28). Only one patient (4.5%) had significant
symptom relief (p=0.37).

Conclusion: Based on the results of this study, we suggest that PRF of C2 DRG is not an effective and reliable
method for chronic tinnitus treatment. Further studies using different interventional techniques and large patient
groups may be helpful in the treatment of this persistent complaint.

Keywords: Dorsal root ganglion, hearing loss, radiofrequency, tinnitus.

OZET

Amag: Tinnitus, diisik tedavi basari oranina sahip, kronik bir hastaliktir. ikinci servikal dorsal k&k gangliyonuna (C2
DRG) uygulanan pulse radyofrekansin (PRF) muhtemel bir tedavi ydntemi oldugu 6ne strtlmustdr. Bu calismanin
amacl, C2 DRG PRF’in tinnitus tedavisinde olan etkinligini degerlendirmektir.

Gerec¢ ve Yontem: Bu retrospektif calismaya kronik tinnitus nedeniyle C2 DRG PRF uygulanmis olan hastalar dahil
edildi. PRF, 5 cm uzunlugunda, 5 mm aktif uclu RF elektroduyla C-kollu skopi goérintilemesiyle 4 dakika slreyle
uygulandi. Hastalarin islemden 6nce ve islemden bir ay sonraki kontrollerinde uygulanan Tinnitus Handikap
Envanteri (THE) skorlari degerlendirildi. Birinci ay kontrollerinde THE’de %50 ve fazlasi azalma, belirgin semptom
azalmasi kabul edildi.

Bulgular: Toplam 22 hasta calismaya dahil edildi. islemden énceki ve bir ay sonraki THE skorlari sirasiyla
42,36+25,43 ve 37,31+25,04 idi (p=0.28). Sadece bir hastada belirgin semptom azalmasi oldu (p=0.37).

Sonug: Calismalarimizin sonuclarina gére, C2 DRG PRF isleminin tinnitus icin etkin ve makul bir ydntem degildir.
Bu inatci hastaligin tedavisi icin baska girisimsel islemleri iceren daha fazla hasta sayilarina sahip calismalar
yardimci olabilir.

Anahtar Soézciikler: Dorsal kok gangliyonu, isitme kaybi, radyofrekans, tinnitus.
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Introduction

Tinnitus is an auditory symptom characterized by
abnormal sounds. It isa common complaint, and the
estimated rate of tinnitus is 22% (1). The frequency
increases with age and is higher in people older than
65 years (2). Despite almost a quarter of society
experiencing tinnitus, only 3-5% of people require
treatment (2). The main risk factors for tinnitus are
noise exposure, hearing loss, and mental stressors.
In subjective tinnitus -which is the frequent form-
only the patient hears the abnormal sound in the
auditory system, while another person can hear the
sound in objective tinnitus. Tinnitus is named ‘primary
tinnitus’ when there is no specific underlying cause
and called ‘secondary tinnitus’ if there is a pre-existing
specific etiology (3). Common causes of secondary
tinnitus are noise-induced hearing loss, presbycusis,
otosclerosis, otitis, impacted cerumen, Meniere’s
disease, sudden deafness, head or cervical injury,
multiple sclerosis, acoustic neuroma, cerebellopontine
angle tumors, otitis media, Lyme disease, meningitis,
or side effects of some drugs (4). However, in many
cases, the cause of tinnitus remains unidentified (5).
When the duration of tinnitus is shorter than six
months, it is called ‘acute tinnitus’, and if it is longer
than six months, it is called ‘chronic tinnitus’ (3).

In the literature, there is no strongly effective
treatment for tinnitus. Ginkgo biloba extracts,
antidepressants, benzodiazepines, zinc, melatonin,
cannabis, oxytocin, steroids, and gabapentin are
not effective for tinnitus treatment (2). Pulsed
radiofrequency (PRF) of the second cervical dorsal
root ganglion (C2 DRG) under C-arm fluoroscopy
is an interventional pain medicine procedure, and
it was shown to be effective for the treatment of
headache in several studies (6,7). Furthermore,
Koning and Haasnoot suggested that C2 DRG PRF
has beneficial effects for tinnitus treatment (8,9). In
their study with 61 patients, Koning et al. reported
symptom relief in 25% of patients, and they also
reported that symptom relief was maintained in
half of these patients 13 months later (8). The
primary aim of this retrospective study was to
assess the efficacy of PRF treatment of C2 DRG
under C-arm fluoroscopic imaging in patients with
chronic tinnitus. The secondary aim was to observe
possible complications or side effects developed
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due to the intervention.

Material and Methods

This retrospective study was conducted in Ondokuz
Mayis University Faculty of Medicine, Anesthesiology
and Reanimation Department, Pain Clinic. Ethical
approval was obtained from the institutional ethics
committee (Decision number: OMUKAEK 2024/12).
Patients who underwent C2 DRG PRF due to chronic
primary tinnitus complaints between January 2021
and November 2023 were included in the study.
Patients with tinnitus due to a diagnosed disease, e.g.,
otitis, Meniere’s disease, head or cervical injury, and
patients who applied an interventional treatment for
tinnitus in the last three months were not included
in the study. Patients with cervical facet joint and
temporomandibular joint tenderness detected in
the physical examination were also not included.
Written informed consent was obtained from the
patients before the procedures. The Tinnitus Handicap
Inventory (THI) was used as the assessment tool.
Age, accompanying hearing loss (determined by
audiometry test), the affected side(s), and the current
medical treatment for tinnitus were recorded. THI
scores were recorded before and one month after
the intervention. Effective results were determined
as 50% reduction in the THI scores.

Table I. Flowchart of patient selection for the study

Patients with chronic, primary tinnitus

|

Patients who were performed C2 DRG PRF
(n:27)

|

Patients with completed records
(n:22)

The C2 DRG PRF procedures in our clinic are
performed with the following routine:

The procedures are performed in the operating
room of the pain clinic. Cardiac and respiratory
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monitorization was performed in all perioperative
periods. Anintravenous cannulais inserted, and light
sedation (1 mg midazolam) is administered in all
patients. Patients are placed on the operation table
in the supine position, and the area of needle entry
is cleaned with povidone-iodine solution. The area is
covered with sterile cloths. In a lateral fluoroscopic
view, a radiofrequency needle with a 5 cm length
and 5 mm active tip (Apro Korea®, Rep. of Korea)
is inserted at the six o-clock point of the imaginary
circle between the spinous processes of C1 and C2
vertebrae (Figure I). The needle is advanced using
the tunnel vision technique. After a few centimeters,
the C-arm is positioned in the anteroposterior plane,
and the needle is advanced until the lateral border
of the facet column (Figure II). Then, sensorial
stimulation with 50 Hz is applied by the RF needle,
and patients are asked about paresthesia of the
neck and posterior part of the head at 0.4 mV, or
lower stimulation level. When it is concluded that
the needle tip is at the correct location, 4 minutes
of PRF (2 Hz) is applied. The voltage of the PRF is
dynamically adjusted as long as the patient does
not feel disturbance and the temperature does not
exceed 42 °C.

Table Il. Characteristics of the study population
n:22

53.22 +13.05 years
9 /13 (40.9% vs 59.1%)
45.59 + 65.59 months

5(22.7%)

Mean Age

Female / Male

Mean duration of complaint

Right ear affected

Left ear affected 14 (63.6%)
Both ears affected 3(13.6%)
Accompanying hearing loss 7 (31.8%)

Statistical Package for the Social Sciences version
22 (SPSS 22, IBM Software®, New York, USA) was used
for statistical analysis. Nominal data are described
by means and standard deviations, while ordinal
data are described by numbers and percentages.
The Wilcoxon signed-rank test was used to compare
the pre-interventional and post-interventional
THI scores, and chi-square was used to assess the
number of patients with symptom relief following
the procedure. P values smaller than 0.05 were
regarded as ‘statistically significant’.
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Figure I. Lateral view of the radiofrequency needle
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Results

There were 27 patients who underwent C2
DRG pulsed radiofrequency treatment for tinnitus
treatment during the related time interval (Table I).
Five of them were not included in the study due to
the lack of check-up results. A total of 22 patients
were included in this study. While 9 (40.9%) of them
were female, 13 (59.1%) were male. The mean age of
the study population was 53.22 + 13.05 years. The
mean duration of the tinnitus complaint was 45.59
+65.59 months (Table I). The right ear was affected
in5(22.7%), the left was affected in 14 (63.6%), and
both ears were affected in 3 (13.6%) patients. Hearing
loss was found in 7 (31.8%) patients, and hearing loss
was not observed in 15 (68.2%) patients (Table II).
Patients with hearing loss had a sensorineural type.

Table Ill. Results of THI score and rate of patients with significant
symptom relief

One month
Before the
. after the p value
Intervention . )

intervention
Tinnitus
Handicap 4236+2543 | 3731£5079 0.28
Inventory
Score
Rate of
patients with
significant 1/22 0.31
symptom
relief




Figure Il. A-P view of the radiofrequency needle
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Seventeen (77.2%) of the patients were actively
using betahistine for tinnitus treatment, and 5
(22.7%) had stopped using any kind of drug for
tinnitus treatment due to lack of effectiveness. The
mean THI score before the intervention was 42.36 +
25.43, and it was 37.31+ 50.79 one month after the
intervention (Table Ill). There was no statistically
significant difference in terms of THI score before
and one month after the intervention (p=0.28)
(Table I11). Only one female received significant
relief after the intervention. Her preintervention THI
score was 96, and she reported that her complaints
were totally gone (THI score was zero). There was
no statistically significant difference in terms of the
number of patients who had significant relief of
complaints (p=0.37) (Table III). No remarkable side
effects were observed due to the intervention.

Discussion

Chronic tinnitus is a complex issue, and treatment
options do not provide satisfactory results.
Unfortunately, the results of our retrospective
study were unsatisfactory. We observed that only
one among twenty-two patients had experienced

Is Pulsed Radiofrequency of C2 Dorsal Root Ganglion an Option for Tinnitus Treatment? {Ag“g HMJ -

significant symptom relief after the PRF procedure,
and there was no significant reduction in mean THI
scores. However, our study included only chronic
tinnitus patients; therefore, we have no data for the
tinnitus patients in the acute period.

There are many studies showing the effective
results of C2 DRG RF for headache. It was mainly
shown to be effective for cervicogenic headache
(6,7).

The clinical application of C2 DRG radiofrequency
for the treatment of tinnitus was proposed by a Dutch
team. In 2012, Haasnoot et al. presented a case report
of someone who suffered from tinnitus for sixteen
years and it was almost totally resolved following C2
DRG PRF at 42 °C for 120 seconds (9). Seven years
later, Koning, who was one of the authors of the
case report above, published an original research
paper showing some promising effects on tinnitus
treatment (8). They observed that 25% of their 61
patients experienced a decrease in tinnitus intensity
in the acute period, and half of these patients still
encountered an advantage 13.5 months later.

An interesting point that is different between
Koning’s study and our study is the clinical
characteristics of the study groups. In Koning’s
study, 67% of the patients had accompanying
cervical pain complaints. Koning et al. also found
that 87% of the patients who experienced symptom
relief with C2 DRG PRF had previous cervical pain
complaints. In this retrospective research, none of
our patients reported cervical pain either in the
examination by the ear-throat-nose department or
in pain clinic examination. Based on the combination
of the results from Koning’s study and this study, it
is possible that cervicogenic painis a positive factor
for tinnitus symptom relief with C2 DRG PRF.

Cervical dorsal root ganglion injections, or
radiofrequency applications, are complex and
advanced interventional pain procedures. Spinal
nerve damage, spinal cord damage, intravascular
injection, local anesthetic toxicity, hematoma, local
infection or meningitis, increased pain, hypoesthesia,
allodynia, and loss of strength of the upper extremity
are among the possible complications of cervical
DRG interventions. Therefore, these interventions
must be performed by physicians who have sufficient
experience in the interventional pain medicine field.
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There are limited numbers of studies suggesting
stellate ganglion block or greater occipital nerve
block may have beneficial effects on tinnitus (10-12).
Due to the retrospective design, this study has some
limitations. First of all, this study involved 22 patients.
Nevertheless, considering only one patient got
symptom relief among 22, it can help to extrapolate
some clinical opinions. Secondly, no hearing test
results were available one month following the
procedure. Therefore, we didn’t have the opportunity
to investigate the effects of C2 DRG PRF on hearing
ability, but the main aim of our study was to assess
tinnitus rather than hearing loss. Another limitation
was the short duration of follow-up because patients
were called for the check-up visit one month after
the intervention, and we did not have enough data
to project for longer durations.

PRF duration was 4 minutes in this study, and
this was based on the personal clinical experience
of the pain physicians for the treatment of neck pain
or headache. There is no certain consensus on the
PRF time for cervical DRG for pain treatment. While
some authors use 2 minutes, some authors prefer
4 minutes (13-15). Koning et al. used 2 2-minute
duration in the original research on C2 DRG PRF for
tinnitus.

In conclusion, chronic tinnitus remains a challenging
symptom. Unfortunately, considering the possible
complications, the results of this study show
that C2 DRG PRF is not an effective and reliable
treatment option for chronic tinnitus. Prospective
studies, including higher numbers of participants
and radiofrequency applications with different
parameters, may be helpful for tinnitus treatment.

HMJ Kurcaloglu M, Kavaz Ustu E, Yasar C, et al.
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Staging Gallium-68 DOTATATE PET/CT Imaging in Neuroendocrine Tumors:
Relationship between Measured SUVmax of the Primary Tumor and the Pathological
Grade and Ki-67 Proliferation Index

ABSTRACT

Objective: To determine whether the maximum standardized uptake value SUVmax of the primary lesion
measured via Ga-68 DOTATATE PET/CT imaging can be used to predict histological grade and Ki-67 proliferation
index in treatment-naive neuroendocrine tumors (NETS).

Material and Method: A total of 57 patients diagnosed with NET who underwent Ga-68 DOTATATE PET/CT
between January 2021and April 2024 were retrospectively evaluated. Patient data including age, histopathology,
primary tumor localization, tumor size, Ki-67 proliferation index, histological grade, and SUVmax values from the
same tumor were recorded. Histological grades 2 and 3 were pooled into a single group (grade 2&3).

Results: The mean age was 49.44 + 17.20 years. The most common biopsy locations were the liver (28.07%),
stomach (21.05%), and pancreas (19.30%). Median Ki-67 proliferation index was 5 (interquartile range: 2-8).
Grade 1tumors were present in 19 patients (33.33%), grade 2 tumors in 35 patients (61.40%), and grade 3 tumors
in 3 patients (5.26%). The SUVmax values were positively correlated with tumor size and Ki-67 proliferation index,
and Ki-67 proliferation index was positively correlated with tumor size and mitotic count. Patients with grade
2&3 tumors had significantly higher SUVmax values and were older compared to those with grade 1 tumors.
For predicting grade 2&3 tumors, the SUVmax value had an area under the ROC curve value of 0.669 (95% Cl:
0.526-0.811, p=0.039), which yielded an overall accuracy of 64.91%, with 57.89% sensitivity, 78.95% specificity,
84.62% positive predictive value, and 48.39% negative predictive value, at a cut-off value of >12.5.

Conclusion: Initial Ga-68 DOTATATE PET/CT imaging in NETs demonstrated that the SUVmax value of the primary
lesion is positively correlated with Ki-67 proliferation index. A maximum standardized uptake value threshold of
>12.5 g/ml was shown to distinguish grade 2&3 tumors at an early stage with high positive predictive value.
Keywords: DOTATATE, NETs, PET, Ga-68, SUVmax.

OZET

Amagc: Noroendokrin timorlerde (NET) tedavi Oncesi Ga-68 DOTATATE PET/BT goéruntilemede primer
lezyon maximum standartlastiriimis alim degerinin SUVmax histolojik derece ve Ki-67 proliferasyon indeksini
ongdrmedeki rollini belirlemektir.

Gere¢ ve Yontem: Ocak 2021-Nisan 2024 tarihleri arasinda Ga-68 DOTATATE PET/BT gorintllemesi yapilmis
57 noéroendokrin tim&r tanili hasta retrospektif degderlendirildi. Hastalarin yas, histopatoloji, primer tUmor
lokalizasyonlari, tUmor boyutlari, Ki-67 proliferasyon indeksleri, histolojik dereceleri ve timor SUVmax degerleri
kayit edildi. Histolojik derece 2 ve 3 grup bir arada gruplandi (derece 2&3).

Bulgular: Yas ortalamasi 49,44 + 17,20 idi. En sik biyopsi lokasyonlari karaciger (%28,07), mide (%21,05) ve
pankreas (%19,30) idi. Ortalama Ki-67 proliferasyon indeksi 5 idi (ceyrekler acikhdi: 2 - 8). 19 hastada (% 33,33)
derece 1, 35 hastada derece 2 (% 61,40) ve 3 hastada derece 3 timor (%5,26) vardi. Tumérlerin SUVmax degerleri,
timor boyutlari ve Ki-67 proliferasyon indeksleri ile, Ki-67 proliferasyon indeksleri de timor boyutlari ve mitoz
sayllari ile pozitif korele idi. Derece 2&3 timorlU hastalar daha ileri yash olup timér SUVmax degerleri derece
1 timorlere gére anlamli olarak daha yuksekti. ROC analizinde SUVmax degeri >12,5 esiginin derece 2&3 hasta
grubunu %57,89 duyarlilik, %78,95 6zgullik, % 64,91dogruluk, % 84,62 pozitif 5ngdri dederi ve % 48,39 negatif
ongorl degeri ile ayirt edebildigi gosterildi (EAA: 0,669, 95% Cl: 0,526-0,811, p=0,039).

Sonug: Noroendokrin tiimorlerde inisyal Ga-68 DOTATATE PET/BT’de primer timore ait SUVmax degerinin Ki-
67 proliferasyon indeksleri ile pozitif korele oldugu ve 12,5 g/ml esik dederinin Uzerinde olmasinin derece 2&3
hastalari erken dénemde yiksek pozitif 5ngéri degeri ile ayirt edebildigi gdsterildi.

Anahtar So6zciikler: DOTATATE, Ga-68, NET, SUVmax, PET.
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Introduction

Neuroendocrine tumors (NETs) are rare malignant
neoplasms originating from neuroendocrine cells in
various organs, which often express somatostatin
receptors (SSTRs) on their surfaces (1). Their
primary origin is the gastrointestinal tract (two-
thirds) and pancreas, with 25% emerging from the
bronchopulmonary tract, and rarely from other
locations (2).

NETs are diagnosed pathologically and are
classified into histological grades based on mitotic
counts and Ki-67 proliferation index (PI). According
to the 5th edition of the World Health Organization
classification and grading criteria for digestive and
thoracic NETSs, patients are classified as low grade
(grade 1), intermediate grade (grade 2), and high
grade (grade 3) (3). For digestive NETSs, patients with
<2 mitoses/2 mm? or a Ki-67 Pl of <3% are classified
as grade 1, those with 2-20 mitoses/2 mm? or Ki-67
Pl 3-20% as grade 2, and those with >20 mitoses/2
mm? or Ki-67 Pl >20% as grade 3 (3). For thoracic
NETSs, patients with <2 mitoses/2 mm? are classified
as grade 1; those with 2-10 mitoses/2 mm? as grade
2; and those with >10 mitoses/2 mm? and/or Ki-67
Pl >30% as grade 3 (4,5).

It is well-established that NETs exhibit varying
degrees of invasive biological behavior based on
histological grade, which makes accurate grading
and Ki-67 PI measurement critical for prognostication
and management (6). These features are typically
determined through post-surgical histopathological
examination or invasive biopsy, and therefore, non-
invasive methods that can aid in the early prediction
of these characteristics can be highly beneficial.
Approximately 90% of NETs overexpress SSTRs on
the cell membrane, making these receptors a key
target for NET imaging and therapy (7). Positron
emission tomography / computed tomography (PET/
CT) with Gallium-68 (Ga-68)-labeled somatostatin
analogs enables visualization of NETs by binding
to SSTR subtypes 2 and 5 (8). Approved for use
by the Food and Drug Administration in 2016, Ga-
68 DOTATATE specifically binds to overexpressed
SSTRs and is widely used in the initial staging of
NETSs, localization of primary tumors, preoperative
staging, and patient selection for peptide receptor
radionuclide therapy (9).

The most commonly used semi-quantitative
parameter in PET imaging is the maximum
standardized uptake value (SUVmax), which provides
a numerical value allowing the assessment of
tumoral radiopharmaceutical retention and tumor-
to-background activity ratio, alongside qualitative
visual data (10).

Our aim was to investigate whether the primary-
lesion SUVmax value obtained from Ga-68 DOTATATE
PET/CT could predict the histological grade and/or
the Ki-67 Pl of treatment naive NETSs.

Material and Method

Patient Selection and Preparation

Patients who underwent Ga-68 DOTATATE PET/
CT imaging in our nuclear medicine unit between
January 2021and April 2024 with a diagnosis of NET
were retrospectively evaluated. Inclusion criteria
were having a histopathological diagnosis of NET,
a time interval of less than T month between biopsy
and Ga-68 DOTATATE PET/CT imaging, not having
received prior treatment or surgery, and absence
of additional malignancy diagnoses. Patients were
excluded if they lacked a definitive histopathological
diagnosis, had a biopsy-to-imaging interval greater
than 1 month, had undergone surgery or received
treatment, or had concurrent malignancies.
This study was approved by the Ethics Committee
of Basaksehir Cam ve Sakura City Hospital (Date:
July 2024; Approval number: E-96317027-514.10-
248465455). All diagnostic and therapeutic procedures
were conducted in compliance with local national
guidelines and the principles of the Declaration of
Helsinki (1964) and its later amendments.

Ga-68 DOTATATE PET/CTimaging Image Acquisition

Prior to PET/CT imaging, patients were informed
about the procedure both orally and in written form.
The Ga-68 DOTATATE injection was performed (120-
200 MBq) (80ug peptide per 14 mci), followed by a
resting period of around 45-60 minutes. The patients
were directed to assume a supine position for the
imaging process and acquisition was performed
from the vertex to the mid-thigh (Philips Ingenuity
TF 64 PET/CT; Philips Medical Systems, OH, USA).
Non-contrast CT obtained with low dosage exposure
was used for attenuation correction, with 4-mm
slice thickness and employing 113 mAS and 120 kV
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settings. After completion of the CT, a 4-minutes-
per-bed PET image acquisition was carried out.
Reconstruction of images was performed with an
iterative method that generated cross-sectional
images on coronal and sagittal planes, as well as
3-dimensional projections.

Image Analysis

Ga-68 DOTATATE PET/CT images were analyzed
by two experienced nuclear medicine specialists. In
cases of disagreement, a consensus was reached
through detailed discussion. SUVmax values were
recorded by drawing a volume of interest around
the primary lesion.

Table I. Summary of variables
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cells stained with Ki-67 to the total tumor cells in
the selected area was defined as Ki-67 PI (11).

Table Il. Correlations between variables

Tumor size (cm) Ki-67 (%) Mitosis

r 0.326 0.368 0.107
SUVmax

p 0.013 0.005 0.426

r 0.407 0.126
Tumor size (cm)

p 0.002 0.348

r 0.488
Ki-67 (%)

Io} <0.001
r: Spearman correlation coefficient

Mitotic counts were assessed on H&E
(Hematoxylin-Eosin) stained slides and slides stained

immunohistochemically with PHH3. Counts were
Age 49.44 +17.20 5
o performed over at least 10 mm?, and the number
H 2
e 25 (43.86%) pf mitoses p.er 2 m.m was _recordeq as.stan(.ja.rd
—— 22 (56.14%) in tumor regions with the highest mitotic activity
Location (corresponding to 10 high-power fields at 400X
Lung 5 (8.77%) magnification).
Gastric 12 (21.05%)
Pancreas 11 (19.30%) Table lll. Summary of variables with regard to grade
Liver 16 (28.07%) Grade
Small bowel 4 (7.02%) Grade 1(n=19) | Grade 2&3 (n=38) | Test statistic p
Colon 5(8.77%) Student’s
Age 4179 £18.0 53.26 +15.60 ttest,t=- | 0.016
Rectum 4 (7.02%) 2.48]
SUVmax 10.5 (4.9 - 31.0) Sex
Tumor size (cm) 3.0(1.7-5.9) Male 9 (47.37%) 16 (42.11%) Chi-square
test, 0.925
Ki-67 (%) 502-8) Female 10 (52.63%) 22 (57.89%) X2=0.009
Grade Location
Grade1 19 (33.33%) Lung 1(5.26%) 4 (10.53%)
Grade 2 35 (61.40%) Gastric 6 (31.58%) 6 (15.79%)
Grade 3 3(5.26%) Pancreas 3(15.79%) 8 (21.05%) Fisher-
Mitosis 1(0-3) Liver 5 (26.32%) 11(28.95%) Hzrﬁg?fe”st 0.908
Descriptive statistics are presented using mean + standard deviation Small bowel 1(5.26%) 3(7.89%) Exact:2.56é
for normally distributed continuous variables, median (25th percentile -
75th percentile) for non-normally distributed continuous variables and Colon 2(10.53%) 3(7.89%)
frequency (percentage) for categorical variables. Rectum 1(5.26%) 3(7.89%)
MWU test,
Pathology -SrUVmax. 6.1(4.2-12.3) | 16.55(5.9 - 38.2) MU\;/ff?'Ot 0.039
. . . . . . umor size est,
Histopathological diagnoses, Ki-67 Pl,and mitotic | «m) 25010-50) | 375(17-60) | o590 | 0216
counts were assessed using pathology slides. For |ki-67 ) 150-2) 7(5-10) T}Q’gotgsot <0.001
Ki-67 PI,immunohistochemical staining was applied MWU tost
. . Mitosis 1(0-1) 1(1-5) U=2005 | 0-005
to the slides and 500-2000 neoplastic cells were =200,

evaluated at 400X magnification. Cells showing
nuclear staining in the hotspot areas (regions with
the most intense staining) were considered regardless
of staining intensity. The percentage ratio of tumor

Descriptive statistics are presented using mean * standard deviation
for normally distributed continuous variables, median (25th percentile -
75th percentile) for non-normally distributed continuous variables and
frequency (percentage) for categorical variables.

MWU: Mann Whitney U. Statistically significant p values are shown in
bold.
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Table IV. Performance of SUVmax to predict grade 2&3 tumors,
ROC curve analysis

Cut-off >12.5

Sensitivity 57.89%

Specificity 78.95%

Accuracy 64.91%

PPV 84.62%

NPV 48.39%

AUC (95% CI) 0.669 (0.526 - 0.811)

p 0.039

ROC: Receiver operating characteristic, PPV: Positive predictive value,
NPV: Negative predictive value, AUC: Area under ROC curve, Cl:
Confidence interval

In cases of discordance between mitotic count
and Ki-67 PI, the higher value was preferred (12).
Grade 2 and grade 3 tumors were combined into a
single group designated as the ‘grade 2&3’ group
due to the presence of only three patients with grade
3 tumor -since it would have been inappropriate to
perform statistical analysis for a group with only
three samples.

Table V. Association between variables and grade 2&3 tumors,
multivariable logistic regression analysis

coeff?cient St:?riarrd P Exp(B) | 95% Cl for Exp(8)
Age 0055 | 0023 | 0.017 | 1056 [ 1010 [ 1104
S| 1895 | 0769 | 0.014 | 6654 | 1473 | 30051
Mitosis | 0388 | 0191 | 0.042 [ 1474 [ 104 | 2143
Constant | -3.340 1.290 0.010 | 0.035

Nagelkerke R?=0.433, Cl: Confidence interval, Statistically significant p

values are shown in bold.

Statistical Analysis

A p-value of less than 0.05 was deemed indicative
of statistical significance, and all tests were two-tailed.
Data analyses were conducted using SPSS version
25.0 (IBM, Armonk, NY, USA). Continuous variables
were assessed for normality using histograms and
Q-Q plots. Descriptive data were expressed as
mean * standard deviation for normally distributed
variables, median (interquartile range) for those not
normally distributed, and frequency (percentage)
for categorical data. The Student’s t-test was used
to compare age, which was a normally distributed
continuous variable. The Mann-Whitney U test was
used for the comparisons of SUVmax, tumor size, Ki-
67 and mitosis, which were non-normally distributed

5
X3

&

continuous variables. Sex (categorical variable)
was analyzed with the chi-square test and location
(categorical variable) was analyzed with the Fisher-
Freeman-Halton test due to the fact that some cells
in the confusion matrix had expected counts less
than five. Correlations between continuous variables
(SUVmax, tumor size, Ki-67 and mitosis) were
examined using Spearman’s correlation coefficient
due to non-normal distribution. Significant factors
associated with grade 2&3 tumors were identified
through multivariable logistic regression analysis.
The initial model included variables found to be
statistically significant in univariable analyses.

Figure I. Box-plot of the SUVmax with regard to grade
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Results

We included 57 patients with NET (25 males and
32 females) into the study, mean age was 49.44
+17.20. The most common biopsy locations were
the liver (28.07%), stomach (gastric; 21.05%) and
pancreas (19.30%). Nineteen (33.33%) patients were
grade 1, thirty-five (61.40%) patients were grade 2,
and three (5.26%) patients were grade 3. Median
Ki-67 Pl was 5 (interquartile range 2 - 8) (Table I).

Figure Il. ROC curve of the SUVmax value in the prediction
of grade 2&3 tumors

ROC Curve
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Relationship Between SUVmax and Ki-67

SUVmax was positively correlated with tumor size
(Spearman correlation coefficient, r=0.326, p=0.013)
and Ki-67 (Spearman correlation coefficient, r=0.368,
p=0.005). Ki-67 was positively correlated with the
tumor size (Spearman correlation coefficient, r=0.407,
p=0.002) and it was also correlated with mitosis as
anticipated (Spearman correlation coefficient, r=0.488,
0<0.007). There were no significant relationships
between SUVmax and mitosis, and between tumor
size and mitosis (Table II).

Figure Ill. Baseline 68Ga-DOTATATE PET/CT images of a
patient with grade 2&3 neuroendocrine tumor in the small
intestine with a maximum standard uptake (SUVmax) value
of 31.5 g/ml (greater than the >12.5 g/ml threshold). Primary
tumor (arrow) on axial fused image (a), axial CT images (b),
maximum intensity projection (MIP) image (c) and coronal
fused image (d).

Relationship Between SUVmax and Grade

Age (Student’s t test, t=-2.481, p=0.016), SUVmax
(Mann Whitney U test, U=239.0, p=0.039) and mitosis
(Mann Whitney U test, U=200.5, p=0.005) values
were significantly higher in grade 2&3 tumors than
in grade Ttumors (Figure I). We found no significant
differences between grade 1and grade 2&3 tumors

Vural Topuz O, Bliyiktalanci E.

in terms of sex, location, and tumor size (Table IlI).

SUVmax had significance in discriminating between
grade 1 and grade 2&3 tumors with an area under
ROC curve of 0.669 (95% Cl: 0.526 - 0.811, p=0.039)
(Figure ). With an optimal cut-off value of 12.5 (higher
values predict grade 2&3 tumors), SUVmax had an
overall accuracy of 64.91%, with 57.89% sensitivity,
78.95% specificity, 84.62% positive predictive value,
and 48.39% negative predictive value (Table V).
Logistic regression with a multivariable model adjusted
by age (p=0.017) showed that grade 2&3 tumors
were independently associated with having a high
SUVmax (>12.5) (OR: 6.654, 95% Cl: 1.473 - 30.051,
p=0.014) and high mitosis value (OR: 1.474, 95% Cl:
1.014 - 2143, p=0.042) (Table V). A representative
imaging result is provided in Figure lll.

Discussion

In NETs, early and accurate determination of
prognostic features such as histological grade and
Ki-67 Plis crucial for surgical planning, which is one
of the most important treatment steps, as well as
other management decisions, the application of
correct treatments, and to predict prognosis (13,14).
In this study, we concluded that there is a positive
correlation between primary lesion SUVmax value
and tumor size, and Ki-67 Pl in early staging Ga-68
DOTATATE PET/CT imaging in NETSs. In fact, SUVmax
values of >12.5 appear to predict grade 2&3 tumors
with a high positive predictive value (84.62%).
Although the sensitivity and specificity are not
very high, we think that these findings may have
clinical relevance for the purpose of distinguishing
grade 2&3 NETs with non-invasive imaging in the
preoperative period - particularly considering the
paucity of evidence on this subject.

Prior studies evaluating the relationship between
the SUVmax value (obtained from Ga-68 labeled
somatostatin analogues PET/CT) and histopathological
findings in NETs evaluate the results based on
pathological findings of the lesion with the highest
SUVmax value and any biopsied lesion. Unlike our
study, this approach carries the risk of ignoring the
heterogeneous distribution of the disease (15,16).
It has been shown that the lesion with the highest
SUVmax value may be pathologically dissimilar to
the biopsied lesion. Furthermore, the heterogeneity
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of primary and metastatic lesions may be different,
and it is also possible that even metastatic lesions
located in the same organ (liver) in the same patient
may have different histologic grades (17). Chan et
al., in their study of lesion SUVmax values obtained
from Ga-68 DOTATOC imaging and the pathology
results of the same NET lesions, reported an inverse
correlation between Ki-67 Pl and SUVmax. They
stated that this may be due to the lack of correlation
between tumor size and SSTRs uptake in their
patient population (18). Although the methodology
was similar to ours, we report positive correlations
between lesion SUVmax, tumor size and Ki-67 Pl
values, and we believe that the difference may be
attributed to patient characteristics and the types
of compounds used during imaging. Nonetheless,
these results necessitate the investigation of how the
SUVmax-tumor size relationship might be associated
with the correlations between SUVmax and Ki-67.
Although NETs generally show high SSTRs
expression similar to the neuroendocrine cells
from which they originate (since they are well-
differentiated tumors), it is also known that SSTR
expression declines in poorly differentiated tumors
(19). Similarly, a decrease in Ga-68 DOTATATE
uptake and lower SUVmax values are expected in
poorly-differentiated neuroendocrine carcinomas
with Ki-67 PI values of >55% due to loss of SSTR
expression (9). In a study in which the majority of
the patient population (84.6%) consisted of patients
with strongly-positive Ki-67 PI values, a negative
correlation was reported between Ki-67 Pl and Ga-
68 DOTATATE SUVmax values (20). There are other
studies in the literature reporting that SUVmax value
is lower in higher grade patients with high Ki-67 Pl
compared to those with low grade tumors (16,21).
The reason for the positive correlation between Ki-
67 Pl and SUVmax in our patient population might
be associated with the generally low Ki-67 Pl values
detected in the cohort -with a 75% percentile value
of 8%. This again demonstrates the heterogeneity of
the disease and warrants further studies with larger
patient groups.
Tumor histological grade can traditionally be
determined by percutaneous core biopsies or surgical
excision from the most easily and safely accessible
region of the lesion (19). There may be differences

in histopathological findings depending on the
site of biopsy, which can be explained by tumor
heterogeneity, and therefore it is possible to obtain
different histologic grades from biopsy material
acquired from different regions of the lesion (19). In
our study, a SUVmax value of >12.5 g/ml obtained
from the tumor was found to be relatively capable
in predicting grade 2&3 lesions with a high positive
predictive value. This supports the literature on this
topic by revealing that molecular imaging with Ga-68
DOTATATE PET/CT can benefit the characterization
of lesions that are observed throughout the body
(22,23). Being able to differentiate grade 2&3 and
grade Tlesions non-invasively in the early period may
facilitate better planning of personalized treatments
(13), which could improve outcomes.

The limitations of the study are that it was single
centered, retrospective in design, consisted of a small
number of patients, and there were considerably
fewer grade 3 patients compared to other groups
(5.26%). Another limitation is that other volumetric
parameters that can be obtained from these lesions
(such as MTV and TLG) were not examined in the
Ga-68 DOTATATE PET/CT imaging of individuals.

Conclusion

Our study demonstrated that a SUVmax threshold
value of >12.5 g/ml obtained non-invasively from
the initial Ga-68 DOTATATE PET/CT study of the
primary lesion in patients with NETs can distinguish
grade 2&3 patients from grade 1 patients with a
high positive predictive value and a respectable
specificity. We also found that SUVmax value was
positively correlated with Ki-67 PI, another important
prognostic marker of the disease.
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Effects of Trauma on the Retina and Lens

ABSTRACT

Ocular trauma is very common in our country. Especially, young and active people are affected by such traumas.
Loss of vision in ocular trauma is most commonly caused by lens and retina trauma. The aim of this review is to
provide an overview of traumatic lens and retina injuries and to discuss current treatment methods for traumatic
cataract and traumatic retinopathy.

Keywords: Cataract, retinopathy, trauma.

OZET

Okdlertravma tilkemizde cok sik goérilmektedir. Ozellikle genc ve aktif insanlar bu tir travmalardan etkilenmektedir.
Okuler travmada gdérme azhidina en sik lens ve retina travmasi neden olur. Bu derlemede amac travmatik lens
ve retina yaralanmalarina genel bir bakisla birlikte travmatik katarakt ve travmatik retinopatinin glincel tedavi
yontemlerini tartismaktir.

Anahtar Soézciikler: Katarakt, retinopati, travma.




Giris

Travmaya bagli gbéz yaralanmalari, énlenebilir
gdérme azhgi ve korlUklerin en sik sebeplerinden
biridir (1). Tam vUicut yaralanmalarinin yaklasik
%7’si, gbdz hastaliklarinin %10 kadarini géze ait
travmalar olusturmaktadir (2). Direkt g6z travmasi
insidansi 3/100.000 oldugu tahmin edilmektedir (3).
Go6z travmalari, genc ve Uretken yas grubunda ve
erkeklerde daha sik gortlmektedir. Amerika Birlesik
Devletleri’nde erkeklerde yayginlk %13,5’tur (4).
Gdz travmalarinin gerek travma aninda gerekse de
sonraki dénemde olusturdugu gérme problemleri
ve sosyoekonomik yodnleri nedeniyle hastaya ve
topluma olan etkileri dnemlidir (5).

Topluma ve hastaya fonksiyonel, medikal ve
sosyoekonomik yonden blylk yUk getiren, bir genel
saglik problemiolan g&z travmalari dnlenebilir nitelikte
olmasi nedeniyle énemlidir. Gerek kiint, gerekse
de perforan yaralanmanin gézde en sik etkiledigi
dokulardan ikisi lens ve retina olup, travmanin bu
iki dokuda yol actigi yaralanmay! acil dénem ve
sonrasinda uygun bir sekilde yaklasmak ve tedavi
etmek gérme azhiginin ve kérligin dnlenmesinde
son derece énemlidir. Ozellikle son yillarda bu iki
yapinin tedavisinde gelisen yenilikler nedeniyle bu
derlemede travmaya bagli olusan lens ve retina hasari
ve glncel tedavi yaklasimlarindan bahsedilecektir.

Travmatik katarakt ve travmaya bagdli lens
yaralanmalari

Lens hasari, kiint, penetran, elektirik/yildirim
carpmasl, termal ve radyasyona bagli travma sonucu
olusabilir (6). Kiint travmada g6z 6n arka capi aniden
kisalir, ekvatorda genisleme ve gerilme olusur. Kiint
travmayla birlikte lens icine sivi girisi ve lens fibrillerinde
sisme sonucu lens 6n kapsull altinda opaklasma ve
genelde travmaya 6zgi cicek sekilli (rozet) katarakt
veya noktasal opasiteler gelisir. Dairesel sekilli anterior
subkapsuler opasite olan Vossius halkasi olusabilir.
Zamanla birlikte arka subkapstler katarakt gelisebilir.
Kint travmanin lense yaptidi darbe etkisiyle lensi
asicl zonullerde hasara yol acarak lens subluksasyonu
ve dislokasyon meydana gelebilir. Subluksasyon
saglam kalan zondller tarafina dogru olur. G6z
hareketiyle iridodenezis ve fakodenezis izlenebilir.
Sublukse lensin kenari midriyazis sonucu gorilebilir.
Tek g6zde diplopi, astigmat ve diger refraksiyon
kusurlari olusabilir (7). ZonUler ayrilmanin oldugu
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kisimda lensin arkaya dogru rotasyonuyla derin én
kamara ve vitreus inkarserasyonunun gérilmesi zondl
hasarinin isaretidir (8). Dislokasyon tim zonullerin
raptdrd sonucu lensin 6n kamaraya ya da vitreus
bosluguna dogru yer degistirmesidir.

Penetran travmada, travma sebebi cisim lense
kadar ulasirsa 6n kapstlde riptlr olusur. Eger lens 6n
kapsulindeki riptire bagh aciklik kiictk ise lens icine
hizli sivi girisi lokalize bir lens opasitesine yol acarken,
daha blyk bir aciklik, tim lensin hizlica opaklasmasina
neden olur. RUptlr olan én kapsulden cikan lens
proteinleri dn kamaraya gecerek trabektlumu tikar
ve travmanin etkisiyle olusacak trabekuler ag 6demi
ile birlikte gz ici basinci (GIB) artisi ve enflamasyon
olusur. Bu durum fakojenik tveit ve fakolitik glokom
adi verilen durumlara yol acabilir. Fakoanaflaktik
endoftalmiismiile de anilmaktadir. Kapsuler hasarin
ardindan gUnler haftalar sonra ortaya cikan gézde
kizarikhk, adri, fotofobi yapan bir travmatik 6n Gveittir.
Farkli siddetteki grantlomatdz 6n Gveit, korneada iri
koyun yagi keratik presipitatlar, hipopiyon olabilir.
GIB yukselebilir ve akut glokom krizine yol acabilir
(9). Tedavide yogun topikal steroidler ile birlikte
sikloplejik ve GIB dusurici ajanlar kullanilir. On
kamarada lens bakiyesi varsa, enflamasyon siddeti
artacagindan ameliyatla temizlenmelidir (10).

Elektrik carpmasi veya yildirim travmasina bagli
kataraktlarda ise protein koagulasyonu ile olusan
ozmotik degisiklikler 6n veya arka subkapsutler
bolgede egreltiotu gdérintimll gri beyaz opasiteler
meydana getirir. X 1sin1 gibi iyonize radyasyon, kapsul
epitel hiicre DNA’sini bozarak, protein ve enzim
transkripsiyonu ve hlcre bdlinmesini etkiler. Arka
polar katarakt gelisimine neden olur. Kizildtesi gibi
iyonize olmayan radyasyon, ézellikle cam Ufleyicisi
ve koruyucu go6zlik kullanmadan firin karsisinda
calisaniscilerde katarakt gelisimine neden olur. iriste
lokalize bir 1s1 artisi 6n kapsilde eksfoliyasyon ve
arka subkapsuler katarakta neden olur (11).

Travmatik kataraktta glncel tedavi

Travma sonras! kataraktta tedavi cerrahidir.
Kataraktin ortaya cikma hizi, kapstlin batanlaga,
ilgili epitel hiicrelerinin sayisi ve inflamatuar yanitin
derecesiileiliskilidir (12). Bazi durumlarda travmatik
katarakt yillarca takip edilebilirken, bazi durumlarda
ise operasyon icin acele edilmelidir. Travmatik
kataraktlarda cerrahi endikasyonlari ciddi gérme



azhdi, lense bagl glokom, kapsul yirtilmasi ve lens
sismesi, posterior patolojilerin gérilmesini engelleyen
lens opasiteleridir. Perforan yaralanmalarda lens
cerrahisinin ayni seansta veya daha sonra yapilmasi
konusu tartismalidir. Penetran yaralanma sonucu én
kapsul riptdrd varsa ve 6n kamarada lens materyali
varsa bu lens materyali acilen temizlenmeli ve bunun
icin cerrahi birkac giin icinde mimkun olan en kisa
zamanda yapilmalidir. Ayni seansta hem penetran
korneal yaralanma tamiri, hem de lens cerrahisi
yapilmasi daha uygun bir secenektir. Ayni seansta
yapilmasinin avantajlari tek seferde bitin cerrahinin
tamamlanmasi, lense bagli enflamasyonun kontrol(,
GIB yiiksekliginin dnlenmesi, gdrme rehabilitasyonunun
erken saglanabilmesidir. Cerrahide gérme aksinin
temizlenmesi arka segmentin ve optik diskin direkt
olarak gérintilenmesine ve varsa bu segmentteki
patolojilerinde tedavisine olanak saglar. Dezavantajlari
ise yanlislikla seffaf lensin alinmasi, én kamarada
asiri fibrinoid reaksiyon, pupiller siklitik membran
olusumu, hifema, kornea 6demi gibi komplikasyonlarin
sik gdrilmesidir. Ayrica intraokuler lens (I0OL) glict
hesabinin zorlugu, IOL (izerine enflamatuar debris
cokmesi, enfeksiyon riskinin artmasi gibi zorluklari da
beraberinde getirebilir (13). Lens periferinde, kicUk,
sinirl kapsul yirtiklari, kapsul alti kiicUk yabanci cisimler
icin cerrahi tedavide acele edilmemelidir clnk( bu
tlr gelisen katarakt lokalize kalmaya egilimlidir.
Eder penetran travma sonucu lens hasari ¢cok fazla
degilse, kornea tamir edilirken lens cerrahisi ikinci
seansa birakilabilir. ikinci seansta lens cerrahisinin
avantajlari daha az enflamasyon, planli bir cerrahi
metod ve slrprizlere daha az acik olmasi, IOL
implantasyon zamaninin tespiti, daha dogru iOL
glcl hesaplanmasi yapilabilmesidir (14-15). Primer
veya ikinci seansta katarakt cerrahisi kararinda
hasta yasl, lensin durumu, patolojiye vitreusun eslik
edip etmedigi, cerrahin tecribesi, ameliyathanenin
sartlari ve ekipmana gdre karar verilir (16). Kicuk
cocuklarda gdrme ekseninin kapali olmasi kisa stirede
bile ambliyopiye neden olabilecedinden ayni seansta
cerrahi ya da erken sekonder cerrahi acisindan
degerlendirilmelidir (17-18). Eger bdyle bir durum
yoksa lens temizligi yapildiktan sonra enflamasyonun
azalmasiicin birkac hafta beklenebilir ve sonrasinda
IOL implantasyon cerrahisi planlanabilir. Travmatik
katarakt sonucu ambliyopi gelisme riski %6-51arasinda

bildirilmistir (19). On segment travmali gdzlerin
%42,9’unda ultrason biyomikroskopide gizli zonUler
hasar mevcuttur. Bu durum, cerrahi sirasinda vitreus
prolapsusu ve lensin vitreusa dismesi riskinin daha
ylUksek olmasina neden olabilir. Bundan dolayi bu
gozlerde travmatik katarakt cerrahisi 6ncesi ultrason
biyomikroskopi yapilmasi faydalidir (20).

Penetran yaralanma nedeniyle lens 6n kapsuli
rlptlre olmussa, &n kapstl devamli ve kurvilineer
bir kapsuloreksis haline getirilmelidir. On kapsulin
dizensiz halde olmasi, implante edilecek intraokiler
lensin dislokasyonuna neden olabilir. On kamarada lens
materyali ile birlikte vitreus da olabilir. E§er sadece 6n
kapsul hasarliise travmatik katarakt cerrahisi yeterli
olurken, arka kapsul acikhdi ve vitreus inkarserasyonu
mevcut ise pars plana lensektomi-vitrektomi tercih
edilmelidir. Bu durumda én kamaraya triamsinolon
da verilerek, 6n vitrektomiile 6n kamaradaki vitreus
ve lens materyali temizlenmelidir. Ayni seansta iOL
yerlestirilebilir ya da sonraki seansa birakilabilir. Eslik
eden bir arka segment patolojisi varsa bu durumda
pars plana lensektomi vitrektomi yaklasimi daha
uygun olacaktir. Pars plana lensektomi yapilan arka
kapsult acik olgulara eger 6n kapsul destedi yeterli
ise, sulkusa ayni seansta veya sonraki bir seansta
sekonder IOL implantasyonu yapilabilir (21-22). Kapstil
destedi olmayan olgularda skleral fiksasyon teknikleri
kullanilabilir. Travmatik kataraktl hastalar daha genc
yas grubunda oldugu icin bu olgularda en emniyetli
ve uzun sire skleraya IOL stabilizasyonu saglayan
teknikler tercih edilmelidir (23). Bu olgularda hangi
teknigin kullanilmasi gerektigiile ilgili literattrde bir
arastirma yoktur.

GOz ici lensini de iceren yapay iris implantlari,
travmaya bagdli kataraktlarla birlikte olan genis
travmatik iris defektlerinin tedavisi icin etkili bir
secenektir ve kozmetik acidan tatmin edici ve
iyi fonksiyonel sonuclarin yani sira ytuksek hasta
memnuniyetini saglar. Ancak tecribeli ellerde
yapllmasi gerekmesi ve glokom gibi ortaya ¢ikabilecek
cesitli ciddi komplikasyonlar nedeniyle dikkatle
yapilimasi ve takip edilmesi gereken bir cerrahidir
(24-25).

Travmatik Retinopati

Okuler travma direkt ya da indirekt, penetran ya
da kint olabilir. Travmanin tipine gére olusan sok
dalgasinin siddetine goére cesitli retinal patolojiler



olusabilir.

Kommosyo Retina (Berlin 6demi); Kint okuler
travma sonucu retinanin derin dokularinin beyazlasmasi
ile karakterize bir durumdur. Santral veya periferik
retinada olusabilir ama siklikla temporal retinadadir.
Retina beyazlasmasiile birlikte retinal ve subretinal
hemorajilerle karakterize bir tablodur. Prognoz iyidir ve
genelde 6 haftaicinde iz birakmadan iyilesir. Siddetli
olgulardailerleyici pigmenter dejenerasyon ve makuler
hol formasyonu gelisebilir. OCT’de fotoreseptdr dis
segment ve ic/dis segment birlesim bolgesinde
hiporeflektivitenin yanisira kot prognoz gdstergesi
olan dis limitan membranda bozulmalarla karakterize
morfolojik dedisiklikler gdsterilmistir (26). Ayrica
subfoveal koroidal kalinlikta artis gosterilmistir (27).
Bir baska calismada ise diizensiz elipsoid zon ve fokal
hiporeflektif elipsoid zon mikrolevasyonu seklinde
iki adet yeni OCT bulgusu tarif edilmistir (28). Eger
travma siddetli ve makula tutulumu agirsa gérme
prognozu kdtudur. Bilinen bir tedavisi yoktur ama
fotoreseptor iyilesmesi 1 hafta icinde baslar. Genel
olarak iyi bir prognozu vardir ve vakalarin cogu, hicbir
sekel olmaksizin 4 hafta icinde tamamen duzelir.
Bununla birlikte, daha ciddi vakalarda hastalarda gérme
bozuklugu ve parasantral skotomlarla sonuclanan kalici
makdUla hasari olusabilir. Bazi vakalarda intraokUler
ve sistemik steroidin yarari gdsterilmistir (29-30).

Koroid ripturleri; Koroid, Bruch membrani ve retina
pigment epitelini kapsar. Beyaz-sari egrisel veya hilal
seklinde lezyonlar olarak ortaya c¢ikar ve sonucta retinal
skarlasmaya yol acar. Direkt g6z yaralanmalarinda bu
yirtiklar ora serratanin anteriorunda ve paralelinde
yerlesirken, indirekt yaralanmalarda optik diskle
es merkezli yirtiklar olusur. Tek veya coklu olabilir.
Spontan regresyon gosterebilir, Makulayi tutarsa
prognoz koétudir ve gdrme keskinligi duser. Geg
dénemde riptlr zemininde subretinal neovaskuler
membran gelisebilir (31-33). Koroid rtptlrindn
bir tedavisi yoktur. Ama rlptir zemininde gelisen
koroid neaovaskuler rmembran icin (vakalarin
%5-12’sinde gorulir) antiVEGF tedavisi etkilidir.
Raptdr zemininde gelisen membranlar genelde iyi
prognozludur ve tedaviyle tamamen iyilesebilirler.
Yasa bagl makula dejenerasyonuna gore daha az
enjeksiyon gerekir. Genelde ilk 1T yilda gelisselerde,
30 yila kadar neovaskiler membran gelisen olgular
gosterilmistir (31,34).
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Purtscher’s retinopatisi (travmatik retinal anjiyopati);
Optik sinir bas!I ve fovea cevresinde paravaskiler
alanin tutulmadigi intraretinal hemorajiler ve retinada
fazla sayida ‘pamuk yinu lekeleri’ olarak adlandirilan
Purtscher lekeleri (retina arteriolleri ve venulleri
arasinda poligonal retinal beyazlik) ile karakterize
oklUzif bir mikrovaskUlopatidir (35). Purtscher
retinopatisi olan hastalar genellikle travmadan iki
guin sonra her iki gdzde ani baslangicliagrisiz gérme
azalmasiyla basvururlar. Ciddi gd6gus kompresyonu,
kafa travmasi, uzun kemik kirilmalari, barotravma ve
bebeklerde siddet gérme gibi durumlardan sonra da
g6rilebilir (36). Bu durumlar gibi Purtscher retinopatisi
gibi dzellikler acik travma éykist olmadan ortaya
ciktiginda buna Purtscher benzeri retinopati denir.
OCT’de Orta ve derin retinal kilcal pleksusun iskemisine
bagl olarak i¢c nikleer tabakanin hiperreflektivitesi
ile karakterize olan parasantral akut orta makulopati
(PAMM), akut fazda bir 6zellik olabilir. Ge¢ fazdaki
Ozellikler arasinda retina incelmesi ve fotoreseptdr
kaybi bulunur (37). Genel olarak bir tedavisi olmamakla
birlikte bir calismada glinde U¢ doz intraven6z
metilprednizolon tedavisi (1000 mg) ve ardindan oral
steroidlerle devam etmenin gorsel ve anatomik iyilesme
sagladigi gdsterilse de (38) faydasinin olmadigini
go6steren calismalarda mevcuttur (39-40). Makdla
6demi olan vakalar, bevacizumab gibi anti-vaskuler
endotelyal blyUme faktorl ajanlarindan faydalanabilir
(471). Trombotik mikroanjiyopati ve Purtscher benzeri
retinopatisi olan bir vaka, ekulizumab (C5’in C5a
ve C5b’ye ayrilmasini engelleyerek kompleman
sistemin terminal yolunu bloke eden bir monoklonal
antikor) ile basaril bir sekilde tedavi edilmistir (37).
Retinopatiicin denenen diger tedaviler arasinda oral
nonsteroid anti-inflamatuar ilaclar (indometasin)
ve papaverin hidroklortr yer alir (42). Hiperbarik
oksijende denenmistir ama faydasi gdsterilememistir
(40). Bircok vakanin patogenezinde dnemli bir faktér
olan trombotik mikroanjiyopatiyi yonetmek icin
gelecekte arastirmalara ihtiyac vardir. Bazi olgularda
gec dénemde optik sinirde ve makulada atrofi ile
sonuclanip ciddi gérme kaybina sebep olabilir (43).

Travmatik retina dekolmanlari (RD) énemli bir
morbidite nedenidir. Yirtikli RD’lerin %10’u travmaya
badli gelismektedir ve travmatik RD’lerin blyUk kismi
kint yani kapali g6z travmalarina baghdir (44). Kiint
travma g6zde sok dalgasina, negatif basinca ve



eylemsiz harekete yol acar (45). Ozellikle travmadan
etkilenen erkek ve genclerde olusur (46). RD’lerin
travmadan hemen sonra gelismesi gerekmez. Aylar
hata yillar sonra bile travmaya badli retina dekolmanlari
gelisebilir. 67 gdzUn dahil oldugdu bir calismada travma
ile RD arasindaki medyan ve ortalama aralik streleri
siraslyla 23 ve 162 gindd. Vakalarin %80,6’sI ve
%89,6°s1 sirasiyla 6 aydan ve 2 yildan az latent aralik
sUresine sahipti (47). Travma sonrasi gelisen at nali
yirtiklar veya kommasyo retinada gelisen retinal iskemi
boélgelerinde iskemik atrofik delikler seklinde retinal
yirtiklarda gérulebilmektedir. Ora serrata da vitreus
bazinin ayriimasi ve arka yizl boyunca traksiyonuyla
retinal diyalizler gelisebilir. En sik superonazal
ve inferotemporal kadranda goézlenir. Travmanin
tarzina, hastanin yasi ve fakik olup olmamasina,
retinadaki yirtigin ve dekolmanin yeri ve durumuna
gore hastalarda pars plana vitrektomi, skleral buckle
ya da pnémotik retinopeksi tercih edilebilir ve her
bir ydntemin basarisi %75’in Gzerinde bulunmustur.
Ama vakalarin cogunda travmanin etkisine bagl
retinal hasar nedeniyle fonksiyonel basari daha azdir
(47). Ozellikle PVR, total RD ya da alt yari ve ¢coklu
retina yirtiklarina bagli gelisen RD’ler basarisizlik
sebepleridir (48). Yine preoperatif az gdrme, eslik
eden vitreus hemorajisi ve lens yaralanmalari ve
makulanin tutuldugu dekolmanlar gorsel acidan kdtl
prognostik faktorle iliskilidir (49). Penetran ya da acik
g6z yaralanmasi sonucu travmatik traksiyonel retina
dekolmani olusabilir. Skleraya penetran yaralanma
sonucu yara yerinden vitreus inkarserasyonu gelisebilir.
llerleyen dénemlerde epiretinal fibrozisin yol actig
kontraksiyon sonucu anterior traksiyonel retina
dekolmanlari olusabilir (49). Bu tir traksiyonel RD
gelismemesiicin tetikleyici travmadan sonraki yedi giin
icinde erken midahale, proliferatif vitreoretinopatiyi
ve postoperatif endoftalmiyi azaltmada avantaj
saglarken, daha sonraki midahale, 6zellikle es zamanli
acik glob yaralanmalari vakalarinda, inflamasyon
ve kanama riskini azaltmada avantaj saglar (50).
Travmali olgularda mutlaka retina muayene edilmeli
ve olusmus retinal yirtik ve diyalizleri dekolman
gelismeden saptayip proflaktik retinopeksiicin laser
fotokoagulasyon veya kriyo uygulamak gereklidir
(51). Dolayisiyla bu hastalarin erken teshisi dSnemlidir.
Siddetli travmalardan sonra pupil yeterince dilate
edilerek (dar pupilde retina periferinde olusan yirtiklar

g6zden kacabilir) tam bir retina muayenesi yapiimali
ve bu muayene birkac hafta icinde tekrarlanmalidir.

Travmatik makula delikleri (TMD), anteroposterior
ve tanjansiyel vitreoretinal traksiyondan kaynaklanir
ve Berlin ddemi ve subretinal sivi gibi es zamanli
ek patolojiler gésterebilir (52). Watzke-Allen testi
genellikle pozitiftir ve Amsler testinde merkezi
metamorfopsi goérallr (53). Aylar boyunca kademeli
olarak gelisen idiyopatik deliklerin aksine TMD’ler
genellikle travmadan hemen sonra olusur (54).
TMD’de kendiliginden kapanma bildirildigi icin bir
sUre takip edilmesi gerekir eger delik kapanmazsa
vitrektomi ile cerrahi kapatma yapilmalhdir. Miller
ve arkadaslari TMD’lerin uzun vadeli takip serisinde
cocuklarda %50 ve yetiskinlerde %28,6 kendiliginden
kapanma orani tespit ettiler. Bu calismada TMD’ler
ortalama 5.6 haftada kendiliginden kapandi ve hicbiri
67,3 hafta sonra midahale edilmeden kapanmadi
(55). Vitrektomi, PVD indiksiyonu ve ILM soyulmasi
(TMD’yi 6rtmek icin bir ILM flebi ile veya flepsiz)
%100’e varan anatomik basari oranlariyla iliskilidir
(52,56).

Travmatik Optik Noéropati (TON),
kraniomaksillofasiyal travma sonrasinda orbitanin
Ustindeki frontal ve temporal bélgelerin dis kuvvetler
tarafindan travmatize edilmesi sonucu ¢cevre dokularin
yaptigi kompresyon, kirik kemik parcalari veya penetran
travma nedeniyle direkt veya indirekt meydana gelir.
Dar optik kanalda hareket eden intrakanalikUler
segment en yUksek yaralanma oranina sahiptir
(%71,4) (57). Travma sonucu optik sinirde kompresyon
dogrudan hasara bagdlh 6édem ve vaskuler yapida
spazma bagli olarak iskemi ve enfarkt nedeniyle retina
ganglion htcrelerinin ve sinir lifi aksonlarinin hasari
sonucu olusmaktadir (58). Optik sinir travmasi olan
olgularda tipik olarak kafa travmasi dykust genelde
vardir ve bu tanida gecikmelere neden olabilir. Gdrme
genellikle 1/10 civarinda olup, diger dnemli bulgular
relatif afferent pupil defektinin varhgidir ve renk
gdrme bozulmustur. Erken dénemde papil 6dem
olabilir. Ge¢ dénemde optik atrofi gelisir. Ancak
agir optik sinir hasarinda bile papillanin baslangicta
normal gérinimde olabilecedi unutulmamahdir.
TON tedavisinde genellikle intraven6z yUksek doz
(500-2000 mg/glin) steroidler kullanilir. Steroidin
gdrme artisina katkida bulunduguna dair saglam
kanitlar yoktur (59-60). Eritropoetin ile klinik TON
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tedavisinde (Ui¢ giin boyunca giinde 10.000-20.000
IU intraven®z enjeksiyon) pozitif ndroprotektif
faydalar ve gérme iyilesmesi bildirilmistir (61).
Baska bir arastirma da TON tedavisinde EPO’nun
(2000 IU) intravitreal enjeksiyonuyla gérme artisi
ve gorsel uyarilmis potansiyel cevaplarinda artis
saptanmis olup, intravitreal tedaviye ragmen bir
yan etki gdézlenmemistir (62). Bu yil yayinlanan ve
metaanalizlerin sistematik incelemesinin yapildidi bir
calismada intravendz metilprednizolon, eritropoetin ve
levodopa-karbidopa kombinasyonunun Ui¢ randomize
kontrolli calismasi da dahil edilmesine ragmen,
herhangi bir tedavi icin fayda kaniti bulunamamustir.
Ek olarak, travmatik beyin hasarinda yapilan blytk
calismalar, megadoz metil prednizolon ile tedavi
edilen hastalarda artan mortaliteye dair gtcli kanitlar
bulmustur (63). Optik sinir dekompresyon cerrahisi
hakkinda yapilan cesitli calismalarda, endikasyonlar
sunlardir: ilerleyici gdérme kaybi (64), optik sinirin
intrakranial segmentlerinde hasar veya avtlsiyona dair
kanit eksikligi (64), VEP’te amplitid azalmasi veya
uzamis latans (65), steroid tedavisine yanit vermeme
(64) ve optik siniri sikistiran kemik parcalarinin varligi
veya yakininda hematom olmasidir (66). Tedavide
dekompresyon icin en uygun zaman travmadan
bir hafta sonrasidir (67). Mezankimal kék hicre
tedavisi, mitoterapin (yani ekzojen mitokondriyal
transplantasyonu), periferik sinir nakli, hipotermi ve
lipit tedavileri Uzerinde calisilan ve umut vadeden
yeni tedavi yaklasimlaridir (68).

Optik sinir avulsiyonu lamina cribrosa seviyesinden
optik sinirin parsiyel veya tamaminin ayrildigi nadir
bir durumdur. Genelde kint travma sonrasi orbita
icinde gerceklesen anteroposterior cekis optik sinirin
ayrilmasina yol acacaktir (69). Gérme kaybiyla
sonuclanan ¢ok ciddi bir yaralanmadir. Klinik olarak
vitreus hemorajisi, peripapiller hemoraji, gec ddnemde
diskte ekskavasyon ve pupil 6niinde vitreusa uzanan
gliotik doku gdézlenir. Optik sinir hasari tam veya
kismi olabilir. Tam avulsiyonda, hasar genellikle optik
kanal veya orbitada meydana gelir; sinirin intrakranial
kismi hareketliligi nedeniyle nadiren etkilenir (70).
Hastanin optik sinir dekompresyonu veya yiksek doz
steroidler gibi gereksiz tedavilere maruz kalmamasi
icin taninin dogrulanmasi esastir (71). Hastalar,
ftizis bulbi ve sekonder neovaskuilarizasyon veya
neovaskuler glokom gibi komplikasyonlar acisindan

izlenebilir (72).

Travmatik g6z yaralanmalari ve buna bagl gelisen
katarakt ve retinopatiler hala siklikla gérilmektedir.
Sik gorulen bu patolojiler icin her gecen yil yeni tedavi
modelleri ortaya cikmakta ve bunlar oftalmoloji
pratigine dahil olmaktadir. Bu derlemede bu
patolojiler genel anlamda tanimlanmis ve yeni bulgu
ve tedavilere yer verilmistir. Yeni tedavi ydntemlerinin
gelistirilebilmesi icin genis serili yeni calismalara
ihtiyac vardir.

Kaynaklar
1. Sternberg P Jr, Aeberg TM. The persistent challenge of ocular
trauma. Am J Ophthalmol 1989;107:421-444.
2. Thylefors B. Epidemiological patterns of ocular trauma. Aust
NZ J Ophthalmol 1992;20:95-98.
3. Iftikhar M, Latif A, Farid UZ, Usmani B, Canner JK, Shah SMA.
Changes in the incidence of eye trauma hospitalizations in
the United States from 2001 through 2014 JAMA Ophthalmol
2019;137:48-56.
4. Luo H, Beckles GL, Fang X, Crews JE, Saaddine JB, Zhang
X. Socioeconomic status and lifetime risk for workplace eye
injury reported by a us population aged 50 years and over.
Ophthalmic Epidemiol 2012;19:103-110.
5. Negrel AD, Thylefors B. The global impact of eye injuries.
Ophthalmic Epidemiol 1998;5:143-169.
6.Shah M, Shah S, Upadhyay P, et al. Controversies in traumatic
cataract classification and management: a review. Can J
Ophthalmol 2013;48:251-258.
7. Pieramici DJ, Sternberg P, Aaberg TM, et al. A system for
classifying mechanical injuries of the eye (globe). The Ocular
Trauma Classification Group. Am J Ophthalmol 1997;123:820-831.
8. Shah MA, Shah SM, Shah SB, et al. Morphology of traumatic
cataract: does it play a role in final visual outcome? BMJ Open
2011;29;1:e000060.
9. Pandav SS, Kaushik S. Phacolytic glaucoma: A nearly forgotten
entity. Eur J Ophthalmol 2020 ;30:32-35.
10. Nche EN, Amer R. Lens-induced uveitis: an update. Graefe’s
Arch Clin Exp Ophthalmol 2020;6:1-7.
11. Barnard SGR, Hamada N. Individual response of the ocular
lens to ionizing radiation.Int J Radiat Biol 2023;99:138-154.
12. Moreschi C, Da Broi U, Lanzetta P. Medico-legal implications
of traumatic cataract. J Forensic Leg Med 2013;20:69-73.
13. Shah AS, Turalba AV. Intraocular lens implantation in
penetrating ocular trauma. Int Ophthalmol Clin 2010;50:43-59.
14, Baykara M, Dogru M, Ozcetin H, Ertlrk H. Primary repair
and intraocular lens implantation after perforating eye injury.

HM] Il



¥ (&
‘&.» z

‘ul

&

J Cataract Refract Surg 2002;28:1832-1835.

15. Shah MA, Shah SM, Shah SB, et al. Comparative study of
final visual outcome between open- and closed-globe injuries
following surgical treatment of traumatic cataract. Graefes
Arch Clin Exp Ophthalmol 2011;249:1775-1881.

16. Rumelt S, Rehany U. The influence of surgery and intraocular
lens implantation timing on visual outcome in traumatic cataract.
Graefes Arch Clin Exp Ophthalmol 2010;248:1293-1297.

17. Sen P, Shah C, Sen A, et al. Primary versus secondary
intraocular lens implantation in traumatic cataract after open-
globe injury in pediatric patients. J Cataract Refract Surg
2018;44:1446-1453.

18. Yardley AM, Ali A, Najm-Tehrani N, et al. Refractive and
visual outcomes after surgery for pediatric traumatic cataract.
J Cataract Refract Surg 2018;44:85-90.

19. Khokhar S, Gupta S, Yogi R, et al. Epidemiology and
intermediate-term outcomes of open- and closed-globe
injuries in traumatic childhood cataract. Eur J Ophthalmol
2014;24:124-130.

20. Chan NSW, Lim JS, Mohanram LS, Chee SP. Ultrasound
biomicroscopy in the management of complex cataract and
intraocular lens: A review. Clin Exp Ophthalmol. 2024;52:186-206.
21. Kuhn F. Traumatic cataract: what, when, how. Graefes Arch
Clin Exp Ophthalmol. 2010; 248:1221-1223.

22. Kilic A, Caglar C, Cinal A, Yasar T, Demirok A, Gul A.
Yetiskinlerde travmatik katarakt cerrahisi sonuclarimiz. Tip
Arastirmalari Dergisi 2007;5:125-128.

23.Shahid SM, Flores-Sanchez BC, Chan EW, et al. Scleral-fixated
intraocular lens implants-evolution of surgical techniques and
future developments. Eye (Lond) 2021;35:2930-2961.
24.Mayer C, Khoramnia R. Pupil reconstruction with an artificial
iris. Ophthalmologe 2022;119:3-12.

25. Gius |, Tozzi L, De Biasi CS, Pizzolon T, Parolini B, Frisina
R. Artificial iris: state of the art. J Cataract Refract Surg
2023;49:430-437.

26. Ahn SJ, Woo SJ, Kim KE, et al. Optical coherence tomography
morphologic grading of macular commotio retinae and
its association with anatomic and visual outcomes. Am J
Ophthalmol 2013;156:994-1001.

27. Marie Burke, Philip Lieu, Gary Abrams, Joseph Boss. Macular
choroidal thickness in unilateral commotio retina. Retin Cases
Brief Rep 2021;15:417-420.

28. Venkatesh R, Pereira A, Sangai S, Yadav NK. Hyporeflective
micro-elevations and irregularity of the ellipsoid layer: novel
optical coherence tomography features in commotio retinae
Can J Ophthalmol 2020;55:492-499.

29. Boss JD. Functional and Morphological Evaluation of

HM]J

Traumatized Eyes With Berlin’s Edema Affecting the Macula
Using mfERG, Microperimetry, and SD-OCT. Osli Retina
2017;48:114-121.

30. Mendes S, Campos A, Beselga D, Campos J, Neves A.
Traumatic maculopathy 6 months after injury: a clinical case
report. Case Rep Ophthalmol 2014;5:78-82

31. Lupidi M, Muzi A, Castellucci G, et al. The choroidal rupture:
current concepts and insights. Surv Ophthalmol 2021;66:761-770.
32. Patel MM, Chee YE, Eliott D. Choroidal rupture: a review.
Int Ophthalmol Clin 2013;53:69-78.

33. Ludwig CA, Shields RA, Do DV, Moshfeghi DM, Mahajan VB.
Traumatic chorioretinitis sclopetaria: Risk factors, management,
and prognosis. Am J Ophthalmol Case Rep 2019;14:39-46.
34.Barth T, Zeman F, Helbig H, Gamulescu MA. Intravitreal anti-
VEGF treatment for choroidal neovascularization secondary
to traumatic choroidal rupture. BMC Ophthalmol 2019;19:239.
35. Ozdemir G. Cerrahi Tedavi Gerektirmeyen Retina Yaralanmalari.
Turk Oft Derg 2012;42:36-40.

36. Tripathy K, Patel BC. Purtscher Retinopathy In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; [Accessed
on 2024 Jan].

37.Santamaria Alvarez JF, Serret Camps A, Aguayo Alvarez J,
Garcia Garcia O. Optic coherence tomography angiography
follow-up in a case of Purtscher-like retinopathy due to atypical
hemolytic uremic syndrome. Eur J Ophthalmol 2020;30:14-17.
38.Wang AG, Yen MY, Liu JH. Pathogenesis and neuroprotective
treatment in Purtscher’s retinopathy. Jon J Ophthalmol
1998;42:318-322.

39. Miguel Al, Henriques F, Azevedo LF, Loureiro AJ, Maberley
DA. Systematic review of Purtscher’s and Purtscher-like
retinopathies. Eye (Lond) 2013;27:1-13.

40. Xia D, Chen X, Zhou Q, Xiao S, Yu Y, Wang Y, et al. Efficacy
of Purtscher’s Retinopathy Treatments: A Systematic Review,
Current Eye Research 2017;42:908-917.

41. Nesmith BL, Bitar MS, Schaal S. The anatomical and functional
benefit of bevacizumab in the treatment of macular edema
associated with Purtscher-like retinopathy. Eye (Lond). 2014
;28:1038-1040.

42. Nor-Masniwati S, Azhany Y, Zunaina E. Purtscher-like
retinopathy following valsalva maneuver effect: case report.
J Med Case Rep 2011;5:338.

43, Yusuf IH, Watson SL. Purtscher retinopathies: are we aiming
at the wrong target? Eye (Lond) 2013 ;27:783-785.

44, Hoogewoud F, Chronopoulos A, Varga Z, Souteyrand G,
Thumann G, Schutz JS. Traumatic retinal detachment-the
difficulty and importance of correct diagnosis. Surv Ophthalmol
2016;61:156-163.



Effects of Trauma on the Retina and Lens

45, Liu X, Wang L, Wang C, Sun G, Liu S, Fan Y. Mechanism of
traumatic retinal detachment in blunt impact: a finite element
study. J Biomech 2013;46:1321-1327.

46. Erdurman FC, Sobaci G, Acikel CH, Ceylan MO, Durukan AH,
Hurmeric V. Anatomical and functional outcomes in contusion
injuries of posterior segment. Eye (Lond) 2011;25:1050-1056.
47.Hsiao CH, Chen HJ, Hsia WP, Chang CJ. Surgical outcomes
and prognostic factors in traumatic retinal detachment following
closed-globe injuries. Int Ophthalmol 2022;42:1849-1860.
48. Williamson TH, Lee EJ, Shunmugam M. Characteristics of
rhegmatogenous retinal detachment and their relationship to
success rates of surgery. Retina 2014;34:1421-1427.

49. Rouberol F, Denis P, Romanet JP, Chiquet C. Comparative
study of 50 early- or late-onset retinal detachments after open
or closed globe injury. Retina 2011;31:1143-1149.

50. Molly O, Yasmin FKI, Luis JH. Timing and outcomes of
vitreoretinal surgery after traumatic retinal detachment. J
Ophthalmol 2016:2016:4978973.

51. Eksioglu U. Okuler Travmada Klinik Degerlendirme. Turk J
Ophthalmol 2012;42:16-22.

52. Budoff G, Bhagat N, Zarbin MAJ. Traumatic Macular Hole:
Diagnosis, Natural History, and Management. Ophthalmol
2019;2019:5837832.

53. Espaillat A, Janigian R, To K. Cataracts, bilateral macular
holes, and rhegmatogenous retinal detachment induced by
lightning. American Journal of Ophthalmology 1999;127:216-217.
54. Johnson RN, McDonald HR, Lewis H, et al. Traumatic macular
hole. Ophthalmology. 2001;108:853-857.

55. Miller JB, Yonekawa Y, Eliott D, et al. Long-term follow-up
and outcomes in traumatic macular holes. American Journal
of Ophthalmology 2015;160:1255-1258.

56. Gao M, Liu K, Lin Q, Liu H. Management Modalities for
Traumatic Macular Hole: A Systematic Review and Single-Arm
Meta-Analysis. Curr Eye Res 2017;42:287-296.

57. Yu-Wai-Man P. Traumatic optic neuropathy-clinical features
and management issues. Taiwan J Ophthalmol 2015;5:3-8.
58. Bennett NP, Eddie CH. Neuroinflammation, Microglia
and Implications for Retinal Ganglion Cell Survival and Axon
Regeneration in Traumatic Optic Neuropathy. Front Immunol
2022:13:860070.

59. Yu-Wai-Man P, Griffiths PG. Steroids for traumatic optic
neuropathy. Cochrane Database Syst Rev 2013;6:Cd006032.
60. Stunkel L, Van Stavern GP. Steroid treatment of optic
neuropathies. Asia Pac J Ophthalmol 2018;7:218-228.

61. Kashkouli MB, Yousefi S, Nojomi M, et al. Traumatic optic
neuropathy treatment trial (TONTT): open label, phase 3,
multicenter, semi-experimental trial. Graefes Arch Clin Exp

Ophthalmol 2018;256:209-218.

62.Rashad MA, Abdel Latif AAM, Mostafa HA, et al. Visual-evoked-
response-supported outcome of intravitreal erythropoietin
in management of indirect traumatic optic neuropathy. J
Ophthalmol 2018:2750632.

63. Blanch RJ, Joseph IJ, Cockerham K. Traumatic optic
neuropathy management: a systematic review. Eye (Lond).
2024;38: 2312-2318.

64. Gupta D, Gadodia M. Transnasal endoscopic optic nerve
decompression in post traumatic optic neuropathy. Indian J
Otolaryngol Head Neck Surg 2018;70:49-52.

65.He Z,Li Q, Yuan J, et al. Evaluation of transcranial surgical
decompression of the optic canal as a treatment option for
traumatic optic neuropathy. Clin Neurol Neurosurg 2015;134:130-
135.

66.0h HJ, Yeo DG, Hwang SC. Surgical treatment for traumatic
optic neuropathy. Korean J Neurotrauma 2018;14:55-60.

67. Martinez-Perez R, Albonette-Felicio T, Hardesty DA, et al.
Outcome of the surgical decompression for traumatic optic
neuropathy: a systematic review and meta-analysis. Neurosurg
Rev 2021;44:2619-2627.

68. Chen B, Zhang H, Zhai Q, Li H, Wang C, Wang Y. Traumatic
optic neuropathy: a review of current studies. Neurosurg Rev
2022;45:1895-1913.

69. Pujari A, Saxena R, Phuljhele S, Bhaskaran K, Basheer
S, Sharma P. Pathomechanism of optic nerve avulsion. Med
Hypotheses 2019;125:28-30.

70. Mackiewicz J, Tomaszewska J, Jasielska M. Optic nerve
avulsion after blunt ocular trauma - Case report. Ann Agric
Environ Med 2016;23:382-383.

71. Sahin S, Furundaoturan O, Baris ME, Demirkilin¢ Biler E.
Sheath Preserving Complete Optic Nerve Avulsion Following
Closed-Globe Injury: A Case Report. Turk J Ophthalmol
2022;52:216-219.

72. Davidson A, Jackson D, Painter S, Parmar B. Traumatic
optic nerve head avulsion. BMJ 2017;359:j4881.

17

s HM] IR



HITIT MEDICAL JOURNAL

HITiT UNIVERSITESI TIP FAKULTESI DERGISI

e-ISSN: 2687-4717 Cilt|Volume: 7 » Sayillssue: 1 - Subat|February 2025

Will Machine Learning Take a Leading Role in Emergency
Medicine Applications?
Acil Tip Uygulamalarinda Makine Ogrenimleri Basroli Alir mi?

Savas Sezik

Odemis State Hospital, Department of Emergency Medicine, izmir, Tlrkiye

Sorumlu Yazar | Correspondence Author
Savas Sezik
savassezik@gmail.com

Address for Correspondence: Odemis State Hospital, Department of Emergency Medicine, Zafer, Ortac Sk. No:10, 35750 Odemis, Izmir,

Tirkiye

Makale Bilgisi | Article Information
Makale Tiirii | Article Type: Derleme | Review
Doi: https://doi.org/10.52827/hititmed;}.1467697
Gelis Tarihi | Received: 12.04.2024

Kabul Tarihi | Accepted: 09.08.2024

Yayim Tarihi | Published: 25.02.2025

Atif | Cite As

Sezik S. Will Machine Learning Take a Leading Role in Emergency Medicine Applications? Hitit Medical Journal 2025;7(1):118-123. https://

doi.org/10.52827/hititmed;].1467697

Hakem Degerlendirmesi: Alan editért tarafindan atanan en

az iki farkl kurumda calisan bagimsiz hakemler tarafindan
degerlendirilmistir.

Etik Beyani: Makale Derleme tirtnde oldugundan etik kurul
onayina gerek yoktur.

intihal Kontrolleri: Evet (iThenticate)

Cikar Catismasi: Yazarlar calisma ile ilgili cikar catismasi beyan
etmemistir.

Sikayetler: hmj@hitit.edu.tr

Katki Beyant: Fikir/Hipotez SS Tasarim SS Veri Toplama/Veri
isleme SS Veri Analizi SS Makalenin Hazirlanmasi SS.

Hasta Onami: Makale Derleme tiriinde oldugundan hasta onamina
gerek yoktur..

Finansal Destek: Bu calisma ile ilgili herhangi bir finansal
kaynaktan yararlaniimamistir.

Telif Haki & Lisans: Dergi ile yayin yapan yazarlar, CC BY-NC 4.0
kapsaminda lisanslanan calismalarinin telif hakkini elinde tutar.

Peer Review: Evaluated by independent reviewers working in the
at least two different institutions appointed by the field editor.
Ethical Statement: Ethical committee approval is not required.
Plagiarism Check: Yes (iThenticate)

Conflict of Interest: The authors declared that, there are no
conflicts of interest.

Complaints: hmj@hitit.edu.tr

Authorship Contribution: I[dea/Hypothesis: SS Design: SS Data
Collection/Data Processing: SS Data Analysis: SS Manuscript
Preparation: SS.

Informed Consent: Our University Clinical Research Ethics
Committee has confirmed that no consent for publication from
patients is required.

Financial Disclosure: There are no financial funds for this article.
Copyright & License: Authors publishing with the journal retain
the copyright of their work licensed under CC BY-NC 4.0.


http://orcid.org/0000-0002-0870-1050
https://doi.org/10.52827/hititmedj.1467697

Acil Tip Uygulamalarinda Makine Ogrenimleri Basrolii Alir mi?

ABSTRACT

The main problems in the workflows of emergency services can be summarized as over-crowding, unnecessary
usage trends and long waiting times. Emergency services experienced a breaking point during the pandemic, and
new approaches regarding to management have come to the agenda. Health care providers around the world
are looking to artificial intelligence as the solution to these challenges. applications into emergency department
business processes. In the future, artificial intelligence-based machine learning models will be integrated to the
clinical decision making support systems to reduce the workload of physicians, and also play an auxiliary role
in the emergency services. In this article, we will discuss on the basis of the reasons that led to the combination
of machine learning to summarize the current status of modeling in emergency services. It is brought to the
fore that machine learning models enhance clinicians’ decision-making abilities, reduce diagnostic errors, and
alleviate cognitive load.

Keywords: Artificial Intelligent, ChatGPT, emergency department, machine-learning models.

OZET

Acil servislerde is akislarindaki temel problemler; yodunluk, gereksiz kullanim egdilimleri ve uzun bekleme
sUreleri olarak dzetlenebilir. Covid-19 pandemisi sirasinda kirllma noktasini yasayan acil servis yonetiminde yeni
yaklasimlar giindeme gelmistir. Saglik hizmeti saglayicilari, diinya capinda bu zorluklarin ¢6zima olarak, yapay
zeka uygulamalarini acil servis is sUreclerine dahil etmeye baslamislardir. Yapay zeka tabanli makine égrenimi
modelleri, gelecekte klinik karar destek sistemlerine entegre edilerek hekimlerin is yikidnd azaltmalarinin yaninda
acil servis isleyisleri icin de yardimci rol oynayacaklar gibi gérinmektedir. Biz bu yazimizda, acil serviste makine
6grenimi birlikteligine goétiren nedenler temelinde modellemelerin acil servis hizmetlerindeki glincel durumu
Ozetlemeye calistik. Makine 6grenimi modellerinin klinisyenlerin karar verme yetilerini gelistirdigi, tanisal hatalari
ve bilissel yiklenmeyi azalttigi gorisleri 6ne ¢ikmaktadir.

Anahtar So6zciikler: Acil servis, ChatGPT, makine 6grenim modelleri, yapay zeka.




Giris

Basit bir tanimla yapay zeka, bilgisayarlarin gérevleri
tamamlamasina veya geleneksel anlamda tipik olarak
insan zekasi gerektirecek bilgi Gretmesine odaklanan
bilgisayar bilimi alanidir. Yapay zeka kapsaminda
makine 6grenimi (MO) ve derin 6grenme alanlari
bulunmaktadir. Teorik olarak MO, farkli sorun tiirlerinin
cesitli algoritmalar ile ¢6zimlenmesini saglarken
yasam kalitesini arttiran pratik cédztmler Gretir (1).
Veri akisi srekliliginde, otomatik ‘iyilestirme’ veya
“dgrenme” yetenegine sahiptir. MO ve derin 6grenme
ile bayUk miktarlarda veri analiz edilir, zerk olarak
varsayimlar Gretilir. Klinik sonuclarin daha dogru
tahmin edilmesi saglanir (2).

Acil Servis ve Makine Odrenimi Birlikteligine
Gotiren Nedenler

Mikemmel bir dinyada dahi, acil durumlarla
basa cikmaya hazirlikli olmak ¢cok 6nemlidir. Acil
durumlar; herhangi bir zamanda, herhangi bir uyari
olmaksizin, en son teknolojiler kullaniliyor olsa bile
ortaya cikabilir. Acil durum yénetimi, cok sayida
aracl iceren senkronize bir faaliyettir (3). Dlnya
genelinde acil servis basvurularinda niafus artis
hizindan daha fazla bir artis oldugu gézlenmektedir
(4). Acil olmayan nedenler ile basvuru, tekrar eden
basvurular, yatis siresinde uzama, personel eksikligi
gibi nedenler acil servislerde yogunluga neden
olmaktadir (5). Bu yogunlugun sonucu olarak mortalite,
komplikasyon, tedavi birakma, acil serviste kalis sUresi,
memnuniyetsizlik oranlarinda artis gézlenmektedir.
Acil servislerdeki is akisinin iyilestirilmesinin yani sira
acil servis profesyonellerinin yeni yaklasimlar ile bu
is akislarini daha sistematik olarak dizenlemeleri
yapay zeka uygulamalarinin giindeme gelmesini
hizlandirmistir (6). Bilgi teknolojisi caginda, sagdlik
alaninda MO hasta sireclerinin 6ngdrisd, elektronik
saglik kaydinin otomatik olarak cikariimasi, dijital
gdruntllerin batunlestirilmesi ve fizyolojik verilerin
strekli izlenmesi yoluyla tahmin modellerinin
glincellenmesi gibi avantajlar sunmaktadir (7). MO
modellerinin olusturulmasi, acil serviste dzellikle
bazi durumlarda (sepsis, planlanmamis yogun bakim
Unitesine yatislar, planlanmamis rekUrren basvurular,
vb.) 6ngdrinin gelismesine destek olmaktadir (8).
Ayrica, tahmin ediciler arasindaki yiksek dereceli,
dogrusal olmayan etkilesimler ile daha kararl tahminler
yapilabilme avantaji da ortaya ¢cikmaktadir (9).

Acil Servis Hizmetlerinde Makine Ogrenimi
Uygulama Alanlari

Acil servislerde kaynak planlamasi, is yakinuin
tahmini ve yogunluk ydnetimi konularinda matematiksel
modelleme yontemleri kullanilmaktadir (10). Hastalar
taramak, katmanlastirmak ve 6zellesmis tanilar koymak
icin MO temelli tanisal karar destek uygulamalari, tanisal
modelleme sistemleri kullaniimaktadir. Bu araclarin
kullaniimasi yUksek dizeyde otomatiklestirilmis
sonuclar icin umut verici bir dogruluk gdstermekte
ve uygulanan model iyilestirmeye giden yolu
gdstermektedir (11). Yapay zeka uygulamalari;
tanisal gérinttlemenin yorumlanmasinda, hasta
sonuclarinin tahmin edilmesinde ve hastanin yasamsal
belirtilerinin izlenmesinde (nabiz hizi, kan basinci,
sicaklik ve solunum takibi) umut verici sonuclar
ortaya koymustur (12). MO modelleri, semptomlari
dogru bir sekilde degerlendirip siniflandirarak, acil
servise basvuran hastanin yasam ile 61im arasindaki
cizgide aciliyet ve tedavi &nceliginin belirlenmesinde
ilk degerlendirme olan acil durum seviyelerinin
(triyaj) tahmin edilmesinde kullaniimaktadir (13).
Acil servis triyajinda ytksek riskli hastalari daha
stabil hastalardan dogru bir sekilde ayirt etmek
ve kesin kaynaklari etkin bir sekilde kullanmak
hedeflenmektedir (14). Bora ve ark. e-triyajda doért
farkli makine 6grenmesi (Support Vector Machine
(SVM), Kth Nearest Neighbor (KNN), Decision Trees,
Random Forest) algoritmalarini degerlendirdikleri
calismalarinda Random Forest yaklasiminin daha iyi
performans gosterdigini rapor etmislerdir (15). Goto
ve ark. astim ve kronik obstriktif akciger hastalig
(KOAH) hastalarinin triyajini kolaylastirmak ve acil
servis egilimlerini (yogun bakim, hastaneye yatis)
tahmin etmek icin dort MO yaklasimlari kullandiklari
calismalarinda en iyi performansin yogun bakim
icin Boosting, hastaneye yatis icin Random Forest
yaklasimlarinin sagladigini belirtmislerdir (16). Raite
ve ark. geleneksel yaklasimla (Emergency Severity
Index (ESI)) karsilastirildiginda, MO modellerinin
(Lasso regression, random forest, gradient boosted
decision tree, deep neural network) kritik bakim ve
hastaneye yatis sonuclarini tahmin etmek icin Ustin
bir performans gosterdigini rapor etmislerdir (17).

Makine Odrenimi Modelleme Yéntemleri

Baslica MO yaklasimlari denetimli é§renme,
denetimsiz 6grenme ve yari denetimli 6grenme



kategorisine girer. Denetimli 6grenme algoritmalari,
egitim verileri olarak bilinen tarihsel olarak etiketlenmis
bir veri kimesini kullanarak matematiksel bir model
olusturur. Ancak denetimsiz 6grenmede, veri kiimesinin
her kaydi icin etiket mevcut degildir. Egitim verileri
ve denetimli 8grenme algoritmalari kullanilarak bir
model gelistirilir. Daha sonra ¢ikti elde etmek amaciyla
test verileri Gzerinde girdiye dayali tahmin test edilir
(18). Denetimli 6grenme algoritmalari siniflandirma
ve regresyonu icerir (19). Bu alandaki en 6nemli
algoritmalardan bazilari; lojistik regresyon, destek
vektdr makineleri (support vector machines - SVM),
naive Bayes algoritmasi, karar agaclari (Decision Trees),
rastgele orman (Random Forest), gradyan artirma ve
derin dgrenmedir. Elektronik saglik kayitlarinda by Uk
miktarda verinin bulunmasi, tahmine dayali modelleme
icin bUyUk ve karmasik veri setlerinin kullaniimasina
olanak sagdlar. Tibbi verilerin islenmesinde popdler
bir yaklasim olan ‘Lojistik Regresyon’ algoritmasi
ile ilk tahminleme icin iyi sonuclar elde edilir (20).
Ancak bagdimsiz degdiskenlerin gézlemlerden daha
fazla olmasi durumunda lojistik regresyon ydnteminin
kullanimi mimkun olmayacaktir (21). Bu sorunu
cdzmek icin etkili ve verimli degisken seciminin
yapllmasi gerekmektedir. Degiskenleri, hesaplanan
6nemlerine gdre siralamak icin daha disik tahmin
hatasina sahip Random Forest kullanilabilir (22).

Logistic Regresyon: Verilerin edrisine bir cizgi
yerlestirerek degiskenler arasindaki iliskilerin
dogrusal bir modelini kesfeden bir MO algoritmasidir.
Siniflandirma icin de uygulanabilir.

Lasso Dlzenlemeli Logistic Regresyon (Lasso
Regresyonu): Regresyon katsayilarini sifira dogru
klculten, boylece dnemli belirleyicileri etkin bir
sekilde secen ve modelin yorumlanabilirligini artiran
modellerden biridir (23).

Support Vector Machine (SVM): Yénetimi ve
kullanimi kolay siniflandirma algoritmasidir. Bu
algoritmada, bir veri 6gesi olan her nokta ‘n’ boyutlu
dizlem olarak bilinen uzayda boyutlu olarak cizilir.
‘N’ verinin 6zellik sayisini temsil eder. Siniflandirma,
farkh dizlemlerde bulunan veri kiimesi noktalarinin
olusturdugu siniflardaki farklilasmaya dayali olarak
yapilir. MO’nde tercih edilen ve kullanilan bu
yontem siklikla denetimli 6grenme problemlerinin
¢c6zUminde etiketlenmemis veri miktarinin fazla oldugu
durumlarda verilerin gercek zamanli etiketlenmesiicin
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siniflandiriimasinda tercih edilir. Basit bir dogrusal
siniflandirma olarak dudstntlebilmesi icin disik
boyutlu uzaydaki dogrusal olmayan problemin ytksek
boyutlu bir uzayla eslestirildigi yontemdir. Kiictk
orneklem ydnetimiicin uygundur (24). Verilericinen
iyi veri siniflandiricisini ayirt etmek icin kullanilan bir
algoritmadir. SVM cok iyi bir genelleme performansi
elde edebilir.

Deep neural network model (Derin sinir agi
modeli), coklu islem katmanlarindan olusur. Sonuclar,
ara gizli birimler tarafindan modellenir ve her gizli
birim, dogrusal olmayan islevlere dénUsturllen
yordayicilarin dogrusal kombinasyonundan olusur
(9). Bir hticre aginin Uretildigi ve hlcreler arasindaki
baglantilarin, elde edilen adin egitim verilerinin
yapisini 6grenebilecegi sekilde ayarlandidi yapay sinir
agl (ANN) adli baska bir MO ydntemleri sinifinin bir
parcasidir. Genellikle, derin 8grenme ydntemindeki
agdaki katman sayisi, siradan bir ANN’den ¢cok daha
yUksektir. Derin 6grenme, giris verilerinden daha Ust
dizeyde cikarilan 6zellikler icerir.

Kth Nearest Neighbor (KNN): KNN algoritmasi,
siniflandirilacak yeni bireyin yakinhginin énceki
bireylerin k kati ile kontrol edildigi bir algoritmadir.
Siniflandirma sirasinda test érnekleri, egitim érnekleri
kullanilarak birbirleriyle karsilastirilir. Yakinlik araliginin
degerlendirilmesinde Oklid mesafesi kullanilir.
Tahminler, komsu érneklerin cogunluk oylamasina
dayanmaktadir. Yiksek k degerlerine uyma egiliminde
oldugu icin dikkatli olunmalidir (25).

Decision Trees (Karar Agaclari): Karar adaclari
sadece kararlari géstermekle kalmaz, ayni zamanda
kararlarin aciklamalarini da icerir. Karar agacini
olusturan egitim sUreci tUmevarimsaldir. Bir dizi egitim
nesnesinden bir karar agaci olusturma prosedirine
‘tree induction’ denir. Bu ydntemi, kendini kesfetmenin
en yaygin yontemlerinden biridir. Siniflandirma
veya tahmin amaciyla kullanilabilecek agac¢ benzeri
kaliplari kesfetmeye hizmet eder.

Karar agaclari, bilgi kesfi sirasinda cesitli testler
yaparak hedefi tahmin etmek icin eniyi sirayi bulmaya
calisir. Her test karar agacinda dallar olusturur ve
bu dallar baska testlerin yapilmasina neden olur. Bu
islem, test islemi bir yaprak digiminde bitene kadar
devam eder. Kdkten hedef yaprada giden yola, hedefi
siniflandiran “kural” denir. Kurallar “eger dyleyse”
modelini yansitir (26). Karar agaci, agac benzeri



yapilari kullanarak verileri eslemek, ¢iktiya alinacak
kararlari siniflar veya sinirlar olarak siniflandirmak
icin kullanilan baska bir algoritmadir.
Gradyan artirilmis karar agaci: Onceki modellerin
hatalarini ve artiklarini tahmin eden yeni agac modelleri
olusturan bir topluluk yéntemidir. Bu model, yeni
modelleri eklerken, bir kayip islevini en aza indirmek
icin gradyan alcalma algoritmasi kullanir (27).

Random Forest: Denetimli bir 8renme algoritmasi
olan rastgele orman algoritmasi, siniflandirma ve
regresyon gorevlerinde kullanilir. Rastgele orman
algoritmasi, birden fazla karar agaci olusturur ve daha
dogru ve istikrarli bir tahmin elde etmek icin bunlari
birlestirir. Birkac rastgele karar agacini birlestiren ve
tahminlerinin ortalamasini alan yaklasim, degisken
sayisinin gdzlem sayisindan ¢ok daha blydk oldugu
ortamlarda daha iyi performans gosterir (28).

Yéntem bankacilik, ticaret, saglik gibi bircok
alanda kullaniimaktadir. Saglk alaninda, tipta dogru
bilesen kombinasyonunu belirlemek, hastaliklari
belirlemek ve hastanin tibbi kayitlarini kullanarak
hastanin tibbi gecmisini analiz etmek icin kullanilir.
Rastgele orman siniflandiricisi, her siniflandiricinin,
giris vektdriinden bagimsiz olarak 6rneklenen rastgele
bir vektdr kullanilarak olusturuldugu ve her agacin
bir giris vektdrinl siniflandirmak icin en populer
sinifa tek birim oy verdidi adac¢ siniflandiricilarinin
bir kombinasyonundan olusur. Bir karar agacinin
tasarimi, bir nitelik secim élcisinin ve bir budama
yonteminin secilmesini gerektirir. Karar agaci ¢cikarimi
icin kullanilan 6z niteliklerin seciminde bircok yaklasim
vardir ve cogu yaklasim, dznitelige dogrudan bir
kalite 6lclsU atar. Karar agaci induksiyonunda en
sik kullanilan nitelik secim élcUleri Information Gain
Ratio (29) ve Gini Endeksi (30).

Acil Servis Uygulamalarinda Makine Ogreniminin
Gelecegi ve Uygulamada Olasi Engeller

MO modelleri, bilgiyi kodlayan sabit kurallara
dayali kararlarin alindigi geleneksel modeller ile
ulasilmasi zor olan, dlceklenebilirligi gerceklestirirler.
MO yaklasimlarinin klinik karar verme yeteneklerini
daha dailerletmek icin vazgecilmez yeni nesil yardimcl
teknoloji olacaktir (31). Yeterli klinik kanit ve uygun
bir dizenleyici cerceve oldugu varsayildiginda,
yapay zekanin etkin bir sekilde kullaniimasinda dijital
teknolojiye gecis temelli olasi engeller olabilecedi
de g6z 6nlnde bulundurulmalidir. Elektronik tibbi

kayitlarin dogru, tam zamanli ve eksiksiz alinmasi
gerekli olup bu kayitlarin mevcut klinik is akisina
entegrasyonunun saglanmasi 6nemlidir.

Yapay Zeka ve Etik Sorunsali

insan gibi diistintip yorumlayan, muhakeme eden
ve sonuclar ¢ikaran yapay zeka uygulamalarinin tabii ki
etik sorunlari da vardir. Belki de bu sorunlar yapay zeka
uygulamalarini bir middet daha glincel hayatimiza
girmekten uzak tutacaktir. Bunlarin en basinda bu
kadar verinin bulundugu hasta kayitlarininistenildigi
zaman ve miktarda saglik personelince goéraliyor
olmasi hasta mahremiyeti acisindan ¢ok ciddi bir
sorundur. Anayasal glivence altinda olan saglik hakkinin
bu uygulamalari kullanmayan Kisilerce esitsizlik
olarak kabul edilebilecek olmasi, saglik personeli ve
bireylerin bu uygulamalara uyum saglayamamasinin
getirecedi karmasik durumda sorunlardan bazilaridr.
Belki de en ciddi sorun bu uygulamalardan dolayi
ortaya cikabilecek zararlarin muhatabi kim olacak;
Uygulayan saglik profesyonellerimi yoksa Uretici
sirketler mi?

Sonu¢

Acil servis verileri kullanilarak olusturulan MO
modellemelerine talep artmaktadir. Bu modellemeler
klinisyenlerin, zamaninda ve dogru klinik bakim
ile optimal kaynak kullanimi konularindaki karar
verme vyetilerini gelistirirler, tanisal hatalari ve
bilissel yiklenmeyi azaltirlar. Yapay zeka tabanli
tahmin uygulamasinin iyi olmasi, klinisyenlerin
MO algoritmasinin dogruluguna glivenebilmesinin
anahtaridir (32). Sadlik alaninda yapay zeka konusunda
calisanlarin, denetimsiz modellerden daha cok
yorumlanabilir modeller gelistirmesi, yari denetimli
MO modellemesi olusturmasi, bakim standardi veya
klinik kararlari karsilastiran calismalar yapmasi
beklenmektedir. Yakin gelecekte, bir zamanlar saghk
calisanlari tarafindan yUrtttlen gérevleri daha fazla
yapay zekanin Ustlendigi ve insan beyni ile yapay
zeka uyumunun saglandigi gorilebilecektir.
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ERAS Protocol and Evidence-Based Practices in Postoperative Care and Management of
Patients with Ovarian Cancer Undergoing Hyperthermic Intraperitoneal Chemotherapy
Procedure After Cytoreductive Surgery

ABSTRACT

Apost-surgical acceleratedrecovery protocolisamultifaceted set of evidence-based guidelines for the appropriate
treatment and care of patients. This protocol is incorporated into management processes after many different
major surgeries, including surgery for gynecologic cancers such as ovarian cancer. Postoperative monitoring
and care is of great importance, especially in procedures with a high risk of complications such as hyperthermic
intraperitoneal chemotherapy after cytoreductive surgery. Especially in patients undergoing this procedure,
components of the postoperative accelerated recovery protocol such as avoiding unnecessary nasogastric tube
administration, prevention of ileus, multimodal analgesia, early oral intake, monitoring of blood glucose levels,
thromboprophylaxis, early mobilization, prevention of nausea and vomiting are of great importance. In this
direction, it is recommended that women’s health nurses should include the postoperative accelerated recovery
protocol and evidence-based practices in nursing care and management processes and conduct scientific
studies with high level of evidence in providing holistic care to the patient after hyperthermic intraperitoneal
chemotherapy after cytoreductive surgery. This review aims to traditionally review the postoperative accelerated
recovery protocol, evidence-based practices, and the roles and responsibilities of nurses in the postoperative care
and management of ovarian cancer patients undergoing hyperthermic intraperitoneal chemotherapy procedure
after cytoreductive surgery.

Keywords: Cytoreductive surgery, ERAS, evidence-based practices, hyperthermic intraperitoneal chemotherapy,
ovarian cancer.

OZET

Cerrahi sonrasi hizlandiriimis iyilesme protokol(, hastalarin uygun sekilde tedavi ve bakiminin saglanabilmesi icin
hazirlanan ¢cok yonll kanita dayal uygulamalarin yer aldigi kilavuzlardir. Bu protokol, over kanseri gibi jinekolojik
kanserlerin cerrahisi de dahil olmak Uzere bircok farkli majér cerrahi sonrasindaki yonetim slreclerine dahil
edilmektedir. Ozellikle sitorediktif cerrahi sonrasi hipertermik intraperitoneal kemoterapi gibi komplikasyon
riskinin yiksek oldugu islemlerde postoperatif izlem ve bakim biylk dneme sahiptir. Ozellikle, bu islemin
uygulandigl hastalarda, gereksiz nazogastrik tip uygulamasindan kaciniimasi, ileusun énlenmesi, multimodal
analjezi uygulanmasi, erken oral alim, kan glikoz degerinin izlemi, tromboprofilaksi, erken mobilizasyon, bulanti
ve kusmanin édnlenmesi gibi cerrahi sonrasi hizlandiriimis iyilesme protokoli bilesenleri blyUk énem tasimaktadir.
Bu dogrultuda, kadin sagligi hemsirelerinin, sitoredlktif cerrahi sonrasi hipertermik intraperitoneal kemoterapi
sonrasl hastaya butlincll bakim vermede cerrahi sonrasi hizlandiriimis iyilesme protokolini ve kanita dayali
uygulamalart hemsirelik bakim ve ydnetim slreclerine dahil edilmesi ve kanit dlizeyi yiksek bilimsel ¢calismalar
yapmas! onerilmektedir. Bu derlemede, sitorediktif cerrahi sonrasi hipertermik intraperitoneal kemoterapi
prosedlrl uygulanan over kanserli hastanin postoperatif dénemde bakim ve yodnetiminde cerrahi sonrasi
hizlandirilmis iyilesme protokolU, kanita dayali uygulamalar ile  hemsirelerin rol ve sorumluluklarini geleneksel
olarak derlemektir.

Anahtar Sozciikler: ERAS, hipertermik intraperitoneal kemoterapi, kanita dayali uygulamalar, over kanseri,
sitoredUktif cerrahi.




Giris

Dinyada ve Ulkemizde goérilen jinekolojik
kanserlerden biri olan over kanseri yuksek mortalite
oranina sahiptir. 2022 yilinda 324603 kisi yeni over
kanseri tanisialmis; 206956 kisi ise bu kanser nedeniyle
yasamini yitirmistir. Ayrica kadinlarda gortlen kanser
turlerinin mortalite oranlari siralamasinda over kanseri
8.sirada yer almaktadir (1). Over kanserinin uzun stre
belirti vermemesi ve genelde gastrointestinal sistem
kaynakli gibi gériinen belirtilere sahip olmasi nedeniyle
kesin taninin belirlenmesi, kanserin metastaz yaparak
ilerledigi ileri evrelerde mimkin olabilmektedir.
Kadinlarin yaklasik %70’ine, yiksek postoperatif
morbidite ve daha kétl prognoz ile iliskili olan
ilerlemis hastalik (FIGO evre > Il, yani pelvis disina
uzanan timor) tanisi konulabilmektedir. Tanianinda
bolgesel veya uzak hastalik durumunda bes yillik
sagkalim orani %40’in altinda seyretmektedir (2). Bu
nedenle over kanserinde hem cerrahi hem de tibbi
ortamda tedavi stratejilerini iyilestirme ve hastanin
prognozunu olumlu yénde etkileme cabalari strekli
olarak devam etmektedir. Bu amacla uygulanan cerrahi
prosedurlerden biri de sitoredlktif cerrahiyi takiben
uygulanan hipertermik intraperitoneal kemoterapi
(SRCHIPEK) islemidir.

Sitoreduktif cerrahi ve hipertermik intraperitoneal
kemoterapi, hem primer periton kanserleri hem de
kolorektal, apendiks, over, mide ve diger malignitelere
sekonder periton metastazi olan peritoneal ylzey
maligniteleri icin uygulanan kapsamli bir tedavi
secenegdidir. Sitoredutktif Cerrahi (SRC), gérinir
timorlerin peritoneal ylzeylerden ve abdomino-pelvik
organlardan cerrahi olarak cikarilmasini icermektedir.
Bu cerrahi, tek bir peritoneal noduliin eksizyonundan
coklu viseral rezeksiyonlara ve anastomozlara kadar
genis bir spektrumu kapsamaktadir. Buislemi, 41°C
- 43°C’ye kadar 1sitilmis olan ytksek konsantrasyonlu
kemoterapi ajanlarinin (sisplatin, mitomisin) periton
bosluguna pompalanmasini iceren Hipertermik
intraperitoneal Kemoterapi (HIPEK) islemi takip
etmektedir. HIPEK kapali veya acik karin teknikleriile
yapilabilmekle birlikte, kapall HIPEK’in avantajlari karin
ici basincin artarak doku penetrasyonunun artmasi
ve Isi kaybinin dnlenmesi iken, acik HIPEK’in avantaji
kemoterapdtik ilaclarin daha homojen dagiimasina
olanak vermesidir. Ameliyat stresi sekiz ila on bes
saat arasinda degisebilmekle birlikte primer hastalik

ve kurumsal protokol, cesitli enstittlerde farklilik
goOsterebilmektedir (3).

SRCHIPEK, avantajli sagkalim sonuclarina sahip
olmasi nedeniyle peritoneal ylzey maligniteleri
icin bir tedavi standardi haline gelmistir. Ancak
bu komplike prosedir, postoperatif erken ve gec
ddnemde yasami tehdit eden bazi komplikasyonlari
da beraberinde getirmenin yani sira, islem sonrasi
gorulen majér komplikasyon oranlarinin %57e kadar
ciktigr bildirilmektedir (4). islemin uzun sirmesi,
blyUk miktarda sivi, protein ve kan kaybina yol
acmasi, vicut normotermisini ve normoglisemisini
etkilemesi, islem sirasinda kullanilan sisplatin gibi
kemoterapik ajanlarin nefrotoksik etkileri nedeniyle
akut bobrek hasarina yol acabilmesi, tim vicut
sistemlerini etkileyen patofizyolojik degisiklikler
sonucunda homeostazin bozulmasl islem sonrasinda
mortalite ve morbidite oranlarini artiran etkenlerdir.
Bu faktorler, cerrahi midahale sonrasi komplikasyon
risklerini yikseltmekle birlikte, hastanin genel saglik
durumu Uzerinde olumsuz etkilere yol acabilmektedir.
Rapor edilen verilere gore, bu islemi geciren
hastalarda morbidite orani %12-60, mortalite orani
ise %0,9-5,8 arasinda degismektedir (5). Literatur
incelendiginde hastalarda bu islemden 90 glin sonra
bile komplikasyon gelistigi goérilmektedir (3). Bu
baglamda, kompleks bir islem olan bu cerrahinin odak
noktasi, postoperatif patofizyolojiyi ve ydnetimini
anlamak, komplikasyonlari erken dénemde saptayarak
morbiditeyi azaltmak ve sagkalimi artirmak icin
uygun tedavi ve bakim yontemlerini uygulamaktir.
Bu dogrultuda, SRCHIPEK islemi uygulanan hastalarin
postoperatif bakim ve ydnetim streclerine dahil
edilebilecek uygulamalardan birisi olan ve kanita dayali
calismalar dogrultusunda hazirlanan cerrahi sonrasi
hizlandirlmis iyilesme protokolleri (ERAS) blylk 6nem
tasimaktadir. SRCHIPEK islemi gibi patofizyolojik
degisimlerin ve postoperatif komplikasyonlarin siklikla
goéruldigu majoér cerrahilerde ERAS protokoline
uyum saglanmasiyla komplikasyon oraninin %33’ten
%21’e geriledigi ve dolayisiyla hastanede kalis
stiresinin 13,5+9,5 giinden 8,6+4,9 gline dustugu
gorilmektedir (6).

ERAS protokolleri, ameliyat sonrasi bakimi
standartlastirmayi ve optimize etmeyi ve dolayisiyla
majdr cerrahi sonrasi olumsuz sonuclarla baglantili
olarak ortaya cikan asiri postoperatif metabolik ve
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inflamatuar yaniti module etmeyi amaclamaktadir
(7). Yuksek derecede uyum ile birlikte ERAS
prosedirlerinin uygulanmasi hastada ortaya
cikabilecek komplikasyonlari, hastanede kalis sUresini
ve maliyetleri dnemli lclide azalttigi gdsterilmistir.
Ilk olarak kolon rezeksiyonunda gésterilen ERAS
protokolleri, sonrasinda benzer tekrarlanabilir faydalari
olan cok sayida gastrointestinal sistem ve diger
bUyUk cerrahi prosedirlere uygulanmistir (8). Artan
talep nedeniyle, birden fazla cerrahi alt uzmanlk icin
6zel ERAS kilavuzlari yayinlanmis ve gincellenmistir
ve kilavuz gelistirme sUrecini ve metodolojisini
standartlastirmak ve optimize etmek icin glncel
dneriler yayinlanmistir (9). SRCHIPEK islemine
6zgl olarak hazirlanan ERAS kilavuzlarinda bircok
jinekolog, onkolog ve anestezist yapilan calismalari
inceleyerek panel ortaminda kanitlar degerlendirilerek
Oneriler paylasiimistir (10). Kadin saghgi alaninda
hem obstetrik hem de jinekolojik operasyonlarda
kullaniimak Gzere hazirlanmis ERAS kilavuzlari
bulunmakla birlikte, Amerikan Kadin Dogum Uzmanlari
ve Jinekologlar Koleji (ACOG), kadinlarin preoperatif
ve postoperatif saglik dizeylerini ytkseltilmesi,
komplikasyonlarin azaltilmasi ve cerrahi islemler
sonrasi gortlen mortalite ve morbidite oranlarini
azaltmak amaciyla ERAS protokollerinin tedavi ve
bakim streclerine entegre edilmesini dnermektedir
amn.

Bu derlemede amac, sitorediktif cerrahi sonrasi
hipertermik intraperitoneal kemoterapi prosedur(
uygulanan over kanserli hastanin postoperatif ddnem
yénetiminde kanita dayali uygulamalar ve ERAS
protokoll kapsaminda hemsire rol ve sorumluluklarini
geleneksel olarak derlemektir.

SRCHIPEK Prosed(iriinde Postoperatif D6nem

Nazogastrik (Ng) Sonda Uygulamasi

Abdominal cerrahi sonrasi nazogastrik tlp ile
midenin rutin dekompresyonunun hasta tGzerindeki
etkisi uzun suredir tartisilmaktadir. SRCHIPEK
uygulanan hastalar, yaygin intraoperatif barsak
manipUlasyonu, adezyonlarin parcalanmasi,
intraoperatif sivi restsitasyonu, hipertermi
ve kemoterapinin ileus tGzerindeki ilave etkileri
nedeniyle barsak fonksiyonlarinin normale dénustinde
zorlanabilmektedir. SRCHIPEK islemi sirasinda siklikla
barsak rezeksiyonlari ve anastomoz gibi girisimler
bagdirsaklarin cerrahi sonrasi normale dénis stresini

olumsuz etkilemektedir (10).

3964 hastayi dahil eden 26 calismanin incelendigi
bir meta analiz sonuclarina gére NG tip kullanilmayan
hastalarda pndmoni ve atelektazi goérilme orani
azalmis ve oral alima gecis sUresi kisalmistir. NG
tip kullanilmayan hastalarda bulanti daha fazla
gorulirken bu durumun hastanede kalis stresini
etkilemedigi belirlenmistir (12). NG tip kullanan ve
kullanmayan hastalarin kiyaslandigi ve 5240 hastay!
iceren 33 calismanin dahil edildigi bir Cochrane
incelemesinde ise NG tlp uygulanan hastalarda
daha fazla pulmoner komplikasyonun gelistigi,
barsak fonksiyonlarinin normale dénme stresinin
ve hastanede kalma sidresinin uzadigi sonuclarina
ulasiimistir. Ayrica NG ttp kullanildiginda daha
az bulanti sikayeti gértlmekle birlikte hastalarda
rahatsizlik hissi gelismesine neden olmaktadir (13).
Benzer sekilde, 17 randomize kontrolli calismanin
incelendigdi bir meta-analizi sonuclari ise, NG tlp
dekompresyonunun gastrointestinal fonksiyonun
daha erken stirede normale dénmesi ve postoperatif
komplikasyonlarin azaltilmasi gibi herhangi bir
klinik fayda saglamadigini géstermistir (14). Rao ve
ark.’nin (2011) toplam 1416 hastayi iceren 7 calismanin
inceledigi meta-analizde, rutin NG tip kullaniminin
gastrointestinal fonksiyonun normale dénme sdresini
azaltmadigini aksine farengolarenjit ve solunum
yolu enfeksiyonunu insidansini artirdigi sonucuna
ulasiimistir (15).

ERAS protokolline gére ise; mide bosalmasinda
gecikme riskinin oldugu durumlar disinda barsak
motilitesini olumsuz etkiledigi ve postoperatif
komplikasyonlari artirdidi icin NG tUp rutin olarak
uygulanmamalidir (Orta Kanit Dizeyi, Gicli Oneri)
(10).

NG uygulanmasi gereken durumlarda ise hastanin
yeterli bir sekilde bilgilendirilmesi hemsirenin
sorumluluklarindandir. Hastaya bu islemin neden
uygulandigi ayrintili bir sekilde anlatiimahdir. NG
thp takildiktan sonra ise aspirasyon gelisimini
6nlemek icin hastanin yatak basi 30-45 derece
yUkseltilmelidir (16). Hasta bu islemden sonra agiz
solunumu yapacagindan oral mukoza kurumasina bagli
gelisebilecek komplikasyonlarin 6nlenmesiicin agiz
bakimi ve odanin nemli tutulmasi dnemlidir. TipUn
gastrointestinal kanala yapismasini dnlemek amaciyla
glnde bir kez kendi ekseni etrafinda déondirilmesi
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gerekmektedir. Ayni zamanda NG tlpUnUin sebep
olacadi basin¢ yaralanmalarini gézlemlemek ve
onlemek hemsirenin sorumluluklarindan bazilaridir
7).

Uriner Sonda Uygulamasi

SRCHIPEK isleminde gerceklesen patofizyolojik
olaylar sonucunda buyUk hacimli sivi kayiplari
meydana gelebilmektedir. Bu durumda yeterli
organ perflzyonunu sdrdirmek icin uygulanan
sivi tedavisi ile asiri sivi yiklenmesi gibi yan etkiler
ortaya cikabilmektedir. Ayricaislemin HIPEK fazinda
kullanilan ve nefrotoksik etkileri olan sisplatin gibi
ajanlar bébrek hasarina neden olmaktadir. Gelisen
hipoperflizyon ve akut bdbrek hasarinin Griner ¢iktiya
etkisini degerlendirmek icin Uriner kateter uygulamasi
siklikla tercih edilmektedir. Ancak kalici ve uzun sureli
Uriner sonda uygulamasinin idrar yolu enfeksiyonu
ve deliryum gibi yan etkileri bulunmaktadir. Yapilan
bir calisma uzun sdreli Griner kateter uygulanan
hastalarin %3-5’inde idrar yolu enfeksiyonu (18)
gdéruldagu ve yodun bakim tnitesindeki hastalarin
%30’unda ise deliryum gelistigi sonuclarina ulasmistir.
Bu yan etkilerin gbértlme orani kateter uygulandiktan
sonraki 48 saatte artis gdstermektedir (19). Yapilan
bUyUk bir gdzlemsel calismada, kolorektal cerrahide
idrar retansiyon oranlari (%14) belirlenmis ve erkek
cinsiyet ve postoperatif epidural analjezi ortaya ¢ikan
retansiyonun dnemli bagimsiz belirleyicileri olarak
nitelendirmistir (20).
- Uriner kateterin en gec postoperatif 3.giin sabah
cikarilmasi gerekmektedir (Orta Kanit DUzeyi, Glcli
Oneri) (10).
- Epidural kateter cikarilmadan 6nce idrar sondasinin
cikarilmasi ydntemi uygulanabilir (Orta Kanit Dizeyi,
Zayif Oneri) (10).

Postoperatif [leusun Onlenmesi

SRCHIPEK, tiim abdomenin eksplorasyonunu, ince
bagirsagin kapsamli manipulasyonunu ve siklikla
kolorektal rezeksiyon ve anastomozlar dahil olmak
Uzere birkac viseral rezeksiyonu gerektiren major bir
cerrahi prosedirdir. Bir metaanaliz sonuclarinda,
elektif kolon cerrahisini takiben uzamis postoperatif
ileus insidansi %10,2 olarak belirlenmekle (21) birlikte
bu oranin hipertermik soltsyon kullanimi, kemoterapik
ajanlar ve peritonenal karsinomatozun ek etkileri ile
daha da yUkselebilecedini vurgulanmaktadir (22).
SRCHIPEK prosedirii sirasinda yapilan major islemler

sonucunda abdominal apse olusumu, hemoraji,
pankreatit, paralitik ileus, diyare ve anastomoz
kacagi gibi gastrointestinal sistem komplikasyonlari
gelisebilmektedir. Bu komplikasyonlar arasinda yer
alan paralitik ileus islem sirasinda karin icine verilen
hipertermik sollisyon ve peritoneal maligniteye bagli
olarak ortaya ¢cikmakta ve postoperatif donemde en
sik karsilasilan morbidite nedenini olusturmaktadir
(3). Torakal epidural analjezi, ameliyat sonrasi
dénemde prokinetik ajanlarin ve laksatiflerin
kullanimi, kahve tiketimi ve sekersiz sakiz cigneme
ile erken mobilizasyon gibi uygulamalarin barsak
fonksiyonlarinin normale dénmesi icin kullanimi
Onerilmektedir (10).

Epidurallarin postoperatif agri kontrollni
ivilestirdigi ve sitoredUktif cerrahi sonrasinda
gbrllebilenileus oranlarini azalttigi gdsterilmistir (23).
Daha &énceki calismalar epidural lokal anesteziklere
belirgin bir fayda gdstermemis olsa da, 2016 yilinda
yapilan buyUk bir Cochrane incelemesinde, 8754
hasta ile yapilan 128 calismayi degerlendirilmistir.
Degerlendirme sonuclarina gére, hastalarin islemden
sonra ilk bagirsak hareketine kadar gecen sirenin
kisaldigi ve postoperatif agri seviyelerinin azaldigi
belirlenmistir (24). Bununla birlikte, orta torasik
epidurallar ve foley kateterlerin varligi hastanin
mobilizasyonunu engelleyebileceginden transvers
abdominis plan (TAP) blok kullanimi artmistir.
SitoredUktif cerrahiyi incelemek icin yapilan iki
kicUk calisma, TAP bloklarinin daha dtsuk idrar
retansiyon oranlarina ve daha kisa hastanede kalis
sUreleriile iliskili oldugu, ancak agri degerlendirme
puanlarinin epidurallere gére daha ylksek oldugunu
gostermistir (25). Nazogastrik tlplerden kacinma,
erken oral beslenme ve mobilizasyon gibi diger
ERAS mudahaleleri postoperatif ileusu azalttigi
gorilmektedir (26).

Ayni zamanda NG sonda kullanimindan kacinma,
erken oral beslenme ve erken mobilizasyon gibi ERAS
mudahaleleri ile paralitik ileus gértilme oraninin
azaldigi belirtilmektedir (27). 2016 yilinda yapilmis
ve 8754 hastanin yer aldigi1 128 calismayi iceren bir
Cochrane incelemesinde epidural analjeziklerin
etkili agri ydnetimi sayesinde hastanin postoperatif
dénemde barsak motilitesinin normale dénme
sUresinde kisalma oldugu sonucuna ulasiimistir (28).
Jinekolojik cerrahiler sonrasi gelisen ileus oranlarinin
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kahve tuketimi ile %30’dan %10’a dustigu ve
sitoreduktif cerrahide barsak motilitesini hizlandigi
belirtiimektedir (29). Ancak SRC tzerine yapilan baska
bir calismada kahve tiketimi olmayan hastalardailk
barsak motilitesi siiresinin daha kisa oldugu sonucuna
ulasiimistir (30). Bu nedenle postoperatif ileusu
Onleme kafein tiketimi konusu tartismalidir. Ayrica
205 yilinda yapilan ve 81 calismanin degerlendirildigi
bir Cochrane incelemesinde ameliyat sonrasi barsak
motilitesini hizlandirmak ve gaz cikisini saglamada
sekersiz sakiz cignemenin etkili oldugu bildirilmistir
(31). Topcu ve Oztekin 2016 yilinda yaptiklari bir
randomize kontrolll calisma sonucunda sakiz cigneme
uygulamasinin hastalarda goérulen paralitik ileus,
gaz cikisi ve defekasyon stresini kisalttigi sonucuna
ulasiimistir (32). Yapilan bir baska randomize kontroll
bir calismada, sakiz cignemenin ve laksatif kullaniminin
postoperatif ddnemde gastrointestinal fonksiyonlarin
normale dénis sdresini 1gdn, ileus gelisimini ise %15-
36 oraninda azalttigini géstermektedir (33). Terzioglu
ve arkadaslarinin yaptidi bir calismada sakiz cigneme
ile distansiyon ve konstipasyon gelisiminin azaldigi
ve dolayisiyla hastane kalis siresinin azalirken hasta
memnuniyetinin arttigi sonuclari diger calismalari
destekler niteliktedir (34).

- Postoperatif ileusu énlemek icin SRCHIPEK
isleminin ardindan 72 saat lokal anestezikler ve kisa
etkili opiodleriiceren torasik epidural analjezi (TEA)
dnerilmektedir (DUstk Kanit Dizeyi, Gicli Oneri)
(10).

- Postoperatif ileusu 6nlemek icin sekersiz sakiz
cigneme, kahve tiketme, laksatif ve prokinetik ajanlar
gibi uygulamalar birlikte ya da tek basina endike
olabilir (DUsUk Kanit Diizeyi, Zayif Oneri) (10).
Postoperatif Agri Yonetimi

ideal bir analjezi ile

- Etkili agri ydnetimi saglanmali

- Erken mobilizasyona olanak saglanmali

- Herhangi bir komplikasyon gelismemeli

- Erken oral alima izin vermeli

- Barsak fonksiyonun geri dénme siresine olumlu
etkileri olmalidir (35).

HIPEK isleminin dahil edildigi ya da edilmedigi
neredeyse tum sitoredtktif cerrahilerde siklikla
orta hat lapatoromi insizyonu tercih edilmektedir.
SRCHIPEK’te en uygun analjezik prosedir icin kanit
saglayan prospektif veya randomize kontrolll bir

calisma yoktur. Bu nedenle, 6neriler retrospektif
vaka serisi analizi, uzman goérisu ve diger blyuk
karinici ameliyatlardan elde edilen kanitlardan elde
edilmektedir.

TEA, laparotomi islemi sonrasi, bagirsak
fonksiyonunun iyilesmesine yardimci olmasi,
anastomozlarin stabilitesini saglamasi ve pulmoner
komplikasyon oranlarini azaltmasi nedeniyle tercih
edilen en etkili teknik olarak kabul edilmektedir. Tek
merkezli bir retrospektif analiz, hasta kontroll( opioid
analjezi opioidlerine kiyasla TEA kullanildiginda HIPEK
sonrasi sagkalimin daha iyi oldugunu bildirmektedir
(36).

Kisa etkili bir opiat ile birlikte disik dozda lokal
anestezik konsantrasyonlarinin kullaniimasi, sempatik
blokaja bagdli motor blok ve hipotansiyon riskini en aza
indirirken en iyi analjezi kombinasyonunu sunmaktadir
(37). Epidural aile agr1 ydnetiminde hedef kateterin
ameliyat sonrasi 48-72 saat icin cikariimasi olmalidir.
Hematom ve apselerden kaynaklanan lezyonlarin
yol actigi agri ve hipotansiyon (hem sivilar hem de
vazoaktif destek kullanilarak) nérolojik izleme ydnetimi
gibi prosedurlere uyulmasi énem tasimaktadir.

Multimodal analjezi, analjezik ilaclarin
nonfarmakolojik ydntemlerin birbiriyle yarattigi
sinerjik etkiden faydalanilarak agri yénetiminin
saglanmasidir. Bu analjezik ydntemler kombine
halde ve disuk dozlarda verilmektedir ve bdylece
yan etkileri de azaltilabilmektedir. Ketamin gibi
analjeziklerin hallUsinasyon, tasikardi ve hipotansiyon
gibi yan etkilerinin olmasi ve multimodal analjezi
yaklasiminda kullanilan invaziv ydntemlerde kanama
riskinin bulunmasi nedeniyle hemsirenin hastayi
dikkatli bir sekilde izlemesi dnemlidir (38).

- Postoperatif analjezi icin intraven®z opioidlere
secenek olarak SRCHIPEK islemi sonrasi en az 72
saat lokal anestezik + kisa etkili opiat iceren torasik
epidural analjezi (TEA: T5-11) énerilmektedir (YUksek
Kanit Duzeyi, Gucla Oneri) (10).

- TEA sonlandirildiktan sonra parasetamol, NSAIi
ve opioidler kullanilabilir (YUksek Kanit Dlzeyi, GUclu
Oneri) (10).

- Diger alternatif analjeziklerin (ketamin, lidokain,
gabapentin) dnerilmemektedir (Distk Kanit Dlzeyi,
Zayif Oneri) (10).

Hemsireler multimodal analjezi yolu ile agri
yénetiminde multidisipliner ekip icerisinde énemli



bir yere sahiptir. Hasta icin hazirlanan tedavi
planina katilim saglamakta ve tedavi slrecinde
hastada ortaya cikan fizyolojik ve davranissal yanitin
takibini yapmaktadirlar. Bu ytzden uygulanacak
analjeziklerin siniflandirmalarini, etki mekanizmalarini,
farmakokinetik dzelliklerini ve diger ilaclarla olan
etkilesimlerini cok iyi bilmelidirler (39). Hastanin yasina,
biling durumuna ve uygulanan cerrahi prosedire
uygun olarak gecerli bir agri skalasi ile degerlendirme
yapilmalidir. Agrinin nedeni, artiran ya da azaltan
faktorleri, yeri, tipi ve siddetini de iceren ¢cok yoénli
bir degerlendirme tercih edilmelidir. Farmakolojik
veya nonfarmakolojik ydntemlerin istenmeyen etkileri
gdzlemlenmelidir. Bireyin yeterince dinlenmesi
saglanmali ve analjezinin uygulanmasi icin agrinin
siddetlenmesi beklenmemelidir. Hastanin rahatini
bozacak isik ve glrlltiden kacinilmasi gerekmektedir
(39).

Postoperatif Beslenme Yénetimi

Erken Oral Beslenme

SRCHIPEK sonras! gastrointestinal iyilesmenin
diger cerrahi prosedUrlere kiyasla daha uzun
sUrdigu bilinmektedir. Hastaneye yeniden yatis
kabul oranlar1 %11-25 olup yapilan bir calismada,
ileus ve dehidratasyonun yeniden yatis nedenlerinin
Ucte birini olusturdugu saptanmistir. Buna ragmen,
peritonektomi prosedurleri ve HIPEK hastalari
da dahil olmak Uzere enteral beslenmenin erken
baslatiimasini dnermektedir (40).

Kolorektal cerrahi uygulanmis hastalarda
postoperatif erken beslenmenin klinik sonuclara olan
etkisini inceleyen retrospektif bir kohort calismasi,
aclk ve laparoskopik olarak uygulanan cerrahi
islemden sonra erken oral beslenme destedi sadlanan
hastalarda saglanmayanlara gore daha az enfeksiyon,
pndmoni, gastrointestinal sistem komplikasyon gelisme
insidansinin ve yogun bakim Gnitesine kabul oranlarinin
azaldigi sonucuna ulasilmistir (41, 42). Yapilan bir
Cochraneincelemesinde, postoperatif 24 saaticinde
beslenen hastalarin beslenmeyen hastalardan 2 giin
énce taburcu oldugu belirlenmistir (43). Bu sonucu
destekleyen bir calisma ise, hastalardan bir gruba
ERAS yaklasimiyla beslenme destedi uygularken
diger hasta grubuna geleneksel ydntemi uygulamis
ve ERAS grubundaki hastalarin hastanede kalis
sUresinin 2,5 gUn kisaldigi saptanmistir (44).

Erken beslenme ile geleneksel beslenmenin klinik

sonuclara olan etkilerinin kiyaslandigi bir Cochrane
incelemesinde de erken oral beslenen hasta grubunda
barsak motilitesinin daha hizli saglandigi, enfeksiyon
gorilme insidansinin daha disik oldugu ve hasta
memnuniyetinin arttigr sonuclarina ulasiimistir
(45). Laparoskopik kolorektal rezeksiyon yapilan
hastalarda ERAS protokolintn uygulandigi ve
uygulanmadigi gruplar karsilastirilmistir. Preoperatif
dénemde karbonhidrat yiklemesi yapilan ve hem
preoperatif ddnemde hem de postoperatif ddnemde
ERAS yaklasimina uygun olarak beslenen hastalarda
kilo kaybinin daha az goérildigu ve hastanede kalis
sUresinin kisaldigi rapor edilmistir (46).
- SRCHIPEK uygulanan hastalarda midenin gec
bosalmasiicin risk faktérlerin olmamasi durumunda
(omentektomi), ameliyat gininde berrak sivilar
ve ameliyattan sonra l.gtinden itibaren kati gida
alimini iceren erken oral beslenme uygulamasiyla
gastrointestinal sistem fonksiyonlarinin dizelme
sdresinde kisalma, mortalite anastomoz sizintilari ve
hastanede kalis stresinin azalmasi hedeflenir (Orta
Kanit Dlzeyi, Gucli Oneri) (10).

Multidisipliner ekipte yer alan hemsireler, preoperatif
ve postoperatif ddonemde hastalarin nltrisyon
durumlarini degerlendirmeli ve ekip ile is birligini
sUrdurerek guncel ve kanita dayali yaklasimlarla
uyumlu olacak sekilde beslenme destegdi saglamalidir
4a7).

Oral Besin Takviyeleri

Herbert ve ark.’ nin (2018) yaptigi Cochrane
incelemesinde, erken postoperatif beslenme desteginin
daha kisa hastanede kalis sUresi, daha az komplikasyon
ve azalmis mortalite ile iliskili oldugunu belirtmektedir.
Ek olarak ayni calismada, Cochrane incelemesine
dahil ettigi calismalarin heterojenligi ve daha dusuk
kanit kalitesi nedeniyle yorumda dikkatli olunmasi
gerektigini 6nermektedir (43). Greco ve ark.nin
(2014) yaptig1 meta-analiz calismasinda, erken oral
beslenmenin kolorektal cerrahi uygulamalarinda
tam iyilestirilmis iyilesme programlarinin bir bileseni
oldugunu vurgulamaktadir (48). Lau ve ark.’nin (2014)
yaptigl randomize kontrol calismada, postoperatif
ileusun énlenmesinde berrak sivilardan ziyade disik
rezidlll diyeti desteklemekte ve bu diyetin daha az
bulanti, bagirsak fonksiyonunun daha hizli geri ddnmesi
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ve daha kisa hastanede kalis stiresiyle sonuclandigini
bildirmektedir (49). Oral beslenme takviyeleri
randomize kontrolll calismalarla desteklenmemekle
birlikte, prospektif bir seri, protein acisindan zengin
takviyelerin bir ERAS programinin parc¢asi olarak rol
oynayabilecegini 6nermektedir (50).
- Protein icerigi zengin olan besin takviyelerinin
gunldk alinan rejime eklenmesi ile gerekli enerji ve
protein aliminin saglanmasi hedeflenir (DUsUk Kanit
Duzeyi, Zayif Oneri) (10).
- Hastanin yeterli besin ve kaloriyi aldigindan emin
olmak icin gunlUk olarak besin alimi takibi yapiimalidir
(YUksek Kanit Duizeyi, Gucla Oneri) (10).
- SRCHIPEK uygulanan hastalarda yeterli oral
alimin saglanamadigi durumlarda postoperatif 7
glin boyunca enteral beslenme uygulanabilir (Distk
Kanit Dlzeyi, Zayif Oneri) (10).

Parenteral Beslenme

Gastrointestinal komplikasyonlarin veya ileusun oral
alimi engelledigi hastalarda parenteral nltrisyon (PN)
dastndlimelidir. Eniyi uygulamalarin incelendiginde
bir derlemede, 3 glinden fazla gecikmenin beklendigi
durumlarda erken ek PN’nin tercih edilmesi gerektigini
vurgulamaktadir. (ESPEN kilavuzuna gbére 5 gun).
SRCHIPEK uygulanan 321 hastadan olusan retrospektif
bir calismada postoperatif 1. giinde PN’ye baslanmis
ve 19 hastada (%6) 5 giinden az, 42 hastada (%13)
7 ginden az PN ihtiyac duyuldugu belirtiimektedir
(51).
SRCHIPEK uygulanan hastalarda ortaya cikabilen
ileus gibi gastrointestinal sistem komplikasyonlari
nedeniyle oral alim mUmktn olmayabilir. Bu durumda
basvurulacak ydntemlerden bir tanesi de parenteral
beslenmedir. SRCHIPEK uygulanan 321 hastaile yapilan
retrospektif bir calisma ile, hastalara postoperatif
1.glinde parenteral beslenme yonteminin uygulandigi
belirtiimis olup (52).19 hastada (%6) 5 glinden az, 42
hastada (%13) 7 giinden az PN ihtiyaci duyulmustur
(52).
- SRCHIPEK islemi sonrasinda hastalara yeterli oral
alim saglanamadiginda ya da az sagdlanabildiginde
postoperatif 7 gliin boyunca parenteral beslenme
uygulanabilir (DUslk Kanit Duizeyi, Zayif Oneri) (10).
TPN uygulamasinda hastanin yeterli besin ihtiyacinin
karsilanmasi icin nitrisyon durumunun ve tedaviye
yanitinin degerlendirilmesi dnerilmektedir. TPN

isleminin yol acabilecedi metabolik komplikasyonlarin
erken saptanmasi ve gerekli girisimlerin
uygulanabilmesi icin elektrolit, kan glikoz dizeyi,
asit baz dengesi, vital bulgular ve haftalik kilo
takibinin yapilmasi énemlidir. Ancak beslenmenin
degerlendirilmesinde standart olarak albUmin ve
prealbdmin degerlerine bakilmasindan kaciniimalidir.
CUnkU bu parametreler damar gecirgenliginin
artmasi ve hepatik protein sentezinin degismesi gibi
akut dénem ile ilgili bilgiler vermekte, dolayisiyla
beslenme durumunun degerlendirilmesinde yetersiz
kalmaktadir. Beslenmenin degerlendirilmesi gtvenilir
ve gecerli bir risk degerlendirme 6lcedi kullaniimasi
gerekmektedir (51).

Postoperatif Glikoz Degerlendirmesi

Kontrolstz hiperglisemisi olan cerrahi hastalarin,
normoglisemik hastalara gére daha yiksek mortalite
oranina ve daha kétl sonuclara sahip oldugu
bilinmektedir (53). Ayrica, cok sik uygulanan glikoz
kontrol stratejilerine bagl siddetli hipoglisemi de
artmis mortalite ile iliskilidir. Bununla birlikte, optimal
kan sekeri araligi tartismalidir. Cok sayida klinik
calisma, kritik hastalarin cesitli populasyonlarinda
farkl kan sekeri araliklarini karsilastirmistir, ancak
SRCHIPEK icin herhangi bir veriye rastlanmamistir.
Perioperatif dénemde kan glukoz dlizeyi ile cerrahi
alan enfeksiyonlarininiliskisini inceleyen bir calismada;
perioperatif glikoz kontroliinlin saglanmasiyla cerrahi
alan enfeksiyonu insidansinin azaldigi bildirilmistir.
Postoperatif donemde metabolik stres artisina
bagli gelisebilen hiperglisemi ve insulin direncini
onlemek/azaltmak icin ERAS yaklasimina uygun olan
girisimlerin uygulanmasi énemlidir. Preoperatif barsak
hazirligindan kacinilmasi, hastanin islem éncesi uzun
slire ac¢ birakilmamasi ve postoperatif ddnemde erken
oral destegin ve hidrasyonun saglanmasi ile barsak
fonksiyonlarinin kisa siirede normale dénmesinin
saglanmasi bu girisimlerden bazilaridir. Hiperglisemi
gelisimi ve insulin rezistansini azaltmak icin metabolik
stresi azaltan ERAS unsurlarinin (ameliyat éncesi
mekanik barsak hazirligindan kacinma, cerrahiye 2
saat kalana kadar ameliyat 6ncesi acliktan kacinma,
ameliyat sonrasi oral alima erken baslayarak barsak
fonksiyonlarinin stimdlasyonu ve optimal sivi dengesi)
uygulanmasi dnerilmektedir (17).
- SRCHIPEK uygulanmis hastalarin kan glikoz



dUzeyini 140- 180 mg/dl diizeyinde tutmak icin kisa
etkili insulinler ya da insulin infGzyonlarinin rutin
olarak kullanimi édnerilmektedir (Distk Kanit Dizeyi,
Gucla Oneri) (10).

Kritik hastalarda glisemik kontrollin evrensel
olarak kabul edilmis bir instlin rejimi yoktur. Hedef
araliga ulasmak ve hipoglisemiden kacinmak icin
kan glikoz diizeyi dikkatle izlenmelidir.

Tromboembolinin Onlenmesi

SRCHIPEK uygulanan hastalarda profilaktik bir
mudahale uygulanmadiginda vendz tromboembolizm
(VTE) go6rilme orani %30-50 arasindadir (54).
Vendz tromboembolinin gelismesinde énci olan risk
faktorleri arasinda peritoneal karsinom indeksi (PCI),
kan kaybina bagli uygulanan kan tranflizyonu, yapilan
ameliyatin kapsami, stiresi ve blyUkIigU, hastanede
ve yogun bakim Unitesinde kalis stresi, hastanede
yattigi sirecte ve taburculukta antikoagilanlarin
uygulanma durumudur (17).

Over kanseri tanisi alan hastalarin genellikle
ileri yasta ve dolayisiyla daha az mobil olmalari
ve uygulanan cerrahi islem sonucunda lenf nodu
diseksiyonun yapilmasi bu hasta grubunun hemsire
tarafindan daha dikkatli degerlendirilmesini
gerektirmektedir. Hemsireler postoperatif ddnemde
hastalari tromboemboli yéninden gbézlemlemeli,
mobilizasyonunu saglamali ve antiembolik corap
kullanimlari konusunda tesvik etmelidir.

Mekanik Trombofilaksi

Jinekolojik cerrahi islem uygulanan yUksek riskli
hastalar icin ise tromboemboli profilaksisinde pndmatik
basinc cihazlarinin preoperatif dénemde uygulanmasi
ve taburculuga kadar strdtridlmesi 6nerilmektedir
(55).

Tromboemboli profilaksisinde mekanik profilaksiile

kombine olarak preoperatif ve postoperatif ddonemde
farmakolojik profilaksi de kullanilabilmektedir.
Bunun yani sira cerrahi islemden énce hormon
replasman tedavisi ve oral kontraseptif kullaniminin
sonlandirilmasi veya yerine baska alternatiflerin
kullaniimasi énerilmektedir (56).
- Hem farmakolojik trombofilaksiye alternatif olarak
hem de ikisi birlikte kombine olarak ilk mobilizasyona
kadar rutin olarak uygulanmahdir (DUstk Kanit
Duzeyi, Gucla Oneri) (10).

Farmakolojik Trombofilaksi
- SRSHIPEK planlanan hastaya islemden 12 saat
6nce ve bu hasta grubu riskli oldugu icin ameliyattan
sonraki 4 hafta boyunca DMAH (distk molekdal
agirlikli heparin) rutin olarak uygulanmalidir (Orta
Kanit Duzeyi, Gucla Oneri) (10).

Uzatilmis Farmakolojik Trombofilaksi
- SRCHIPEK uygulanan hasta hastanede yatarken
yapilan trombofilaksinin yani sira taburculuk sonrasinda
yani islemden sonra 4 haftaya kadar farmakolojik
trombofilaksiye devam edilmelidir (Orta Kanit DUzeyi,
Gucli Oneri) (10).

Erken Mobilizasyon

Uzun sdre immobil kalan hastalar pulmoner
komplikasyonlar, vendz tromboemboli, insdlin direnci
gelisimi, kas ve kemiklerde gtic kaybi, gastrointestineal
sistem fonksiyonlarinin normale dénme siresinde
uzamasiile erken oral alimin gecikmesi gibi olumsuz
durumlarla karsilasabilmektedir.

SRCHIPEK uygulanan hastalarin uzun siire yogun

bakim Unitesinde kalmasi, ameliyattan sonra yeterli
organ perflizyonunu saglamak icin uygulanan sdrekli
sivi tedavisi, intraoperatif dénemde yerlestirilen
g6gUs ya da abdominal drenler, blylk ve agresif
cerrahi sebebiyle ortaya cikan postoperatif adri, uzun
sUre idrar sondasinin kalmasi gibi nedenlerle erken
mobilizasyon engellenebilmektedir. Bu uygulamalarin
sayllarinin azaltilmasi, uygun rehabilitasyonun
saglanmasi ve etkili analjezi yontemi kullanilarak
saglanan agri yonetimi ile erken mobilizasyona
olanak saglanabilir (56).
- Hastanin ameliyat glinti 2 saat, takip eden glinlerde
ise taburcu olana kadar giinde 6 saat yatak disinda
kalmasi saglanmahdir (DUsUk Kanit Dlzeyi, GUclU
Oneri) (10).

Hemsireler SRCHIPEK uygulanmis hastalari
erken mobilize olmalari konusunda tesvik etmeli
ve ilk beslenmelerini yatak disi érnegin koltuk ya
da sandalyede oturarak yemelerini saglamalidir.
Boylece hastalarin erken mobilizasyona uyumu
artinimaktadir.

Ameliyat Sonrasi Bulanti ve Kusma

Cerrahi sonrasi gortlen bulanti ve kusmanin
gelismesinde bircok faktér dncllik etmektedir.
Cogunlukla (vakalarin %40-50’sinde) kemoterapik
ajanlarin emetajonik etkisiyle gelisse de HIPEK
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isleminde kemoterapik ajanin sistemik alimi sinirhdir.
Arakelian ve ark. 2011 yilinda SRCHIPEK uygulanan 76
hasta ile yaptiklari retrospektif bir calismada 67 hastada
bulanti ve kusmanin goéruldigint belirtmislerdir.
Ayrica hastaya uygulanan genel anestezide kullanilan
ajanlar da bulanti ve kusma gelisiminde rol almaktadir
(17). Farkli etki mekanizmalarina sahip 2 antiemetik
ilacin bulanti ve kusmay! 6nlemede daha etkili
oldugu kanitlanmistir (57). Ancak bu en iyi iki ajan
icin spesifik bir ajan kombinasyonu belirtiimemistir.
SRCHIPEK planlanan hastada gelisebilecek olasi bulant
kusma riskini en aza indirmek icin farkl reseptorleri
hedef alan en az 2 antiemetik ajan (ondansetron,
deksametazon, droperidol) rutin olarak kullaniimalidir
(Orta Kanit Duzeyi, Gicli Oneri) (10).

Hemsireler SRCHIPEK uygulanacak hastalara
preoperatif ddnemde uygun degerlendirme skalalari
kullanarak risk faktorlerini saptamali ve postoperatif
ddnemde ortaya ¢ikan bulanti ve kusmayi ydnetmede
uygun nonfarmakolojik girisimleri (mdzik terapi, hipnoz,
akupunktur) bagimsiz bir sekilde uygulayabilmelidir.
Uygun sivi tedavisi postoperatif bulanti ve kusma
insidansini azaltmasi acisindan énemlidir. Hidrasyonda
kullanilacak sivinin kolloid ya da kristaloid olmasi
bulanti ve kusma gelisme riskini etkilememektedir.
Hemsireler kanita dayali rehberlere uyumlu olacak
sekilde hastanin yeterli hidrasyonunu saglamalidir
(58).

Abdominal ve Torasik Drenler

SRCHIPEK isleminden sonra yaygin olarak goriilen
solunum komplikasyonlari arasinda plevral efflizyon,
pndémoni, pulmoner emboli ve solunum yetmezligi
yer almaktadir. Bu komplikasyonlar nedeniyle
hastalar daha uzun stre yogun bakim Unitesinde
kalabilmekte veya tekrar yogun bakim Unitesine
kabul edilebilmektedirler. Preti ve arkadaslarinin
yaptiklari bir calismada SRCHIPEK islemi sonrasinda
%10 pulmoner komplikasyon oranini rapor etmislerdir.
(%4.6 plevral efflzyon + %4.2 si oksijen destegi +
entlbasyon gerektiren solunum sikintisi + %3.2 si
pndmoni) (53). Martin ve ark. (2016) yaptiklari bir
calismada cerrahi sonrasi %10,8 plevral efflzyon,
iki hastada ise pulmoner emboliyi takiben gelisen
6lum bildirmislerdir (59).

- SRCHIPEK isleminden sonra profilaktik olarak
gdgus drenlerinin yerlestirilmesi ile postoperatif

dénemde gelisebilecek pndmotoraks ve plevral
efflzyon gibi pulmoner komplikasyonlarin insidansi
azaltilabilir (DUstk Kanit Diizeyi, Zayif Oneri) (10).
- SRCHIPEK isleminden sonra yerlestirilen abdominal
ve torasik drenler gelisebilecek fistll, yara yeri
enfeksiyonu, hastaneden yatis siresi ve mortalite
insidansinda azalmayi saglar (DUsUk Kanit DUzeyi,
Zayif Oneri) (10).

Hemsirelerin SRCHIPEK islemi sonrasi yerlestirilen
drenlerin takibinde 6nemli sorumluluklari
bulunmaktadir. Hemsireler aldidi ¢ikardigi takibi
yaptigi sirada drenleri bosaltip hemsire gdzlem
formuna kaydetmeli ve drenlerin yeniden kurulmasini
saglamalidir. Drenlerin sebep olabilecegdi agri
dizeyi degerlendirilmeli ve uygun farmakolojik ve
nonfarmakolojik ydntemler ile hastanin rahatlamasi
saglanmalidir. Ayni zamanda hastaya drenlerin yerini
degistirmemesi, bosaltmaya calismamasi ve dren
hatlarini bozmamasi konusunda bilgilendirmeler
yapilmalidir. Torasik drenleri olan hastalar peep
kullanimi ve solunum egzersizlerinin uygulanmasi
konusunda tesvik edilmeli ve uygulamasi saglanmalidir.
Drenler hastanin hareket yetenegini sinirlayabilecegdi
icin hastaya destek olunmasi ve agrisinin olmadigi
uygun bir zamanda mobilizasyonunun saglanmasi
ve strdurtlmesi 6nemlidir (60).

Sonu¢
SRCHIPEK proseddri, peritoneal karsinomatoz
yayilimi olan over kanserli hastalarda da tercih
edilmekte olan blyuk hacimde hemodinamik ve
metabolik degisimlerin ortaya ciktidi riskli bir kombine
islemdir. Literatlr incelendiginde bu ydntemin tercih
edildigi hastalarda sadece kemoterapi uygulanan
hastalara kiyasla daha yUksek sag kalim oranlarinin
gorilmesi gibi olumlu ydnlerinin olmasinin yani sira,
ameliyat sonrasi dénemde bircok komplikasyon ve
hastaneye yeniden yatis gibi olumsuz durumlara
da yol acabildigi goérilmektedir. Bu kapsamda,
hastanin fizyolojik homeostazisini strdirmesine
ve yasam Kkalitesini artirmasina yardimci olmada
primer saglik profesyonelleri hemsireler olup bu
alanda uzmanlasan kadin saghgi ve hastaliklari
hemsireleridir. Dolayisiyla kadin saghgi ve hastaliklari
hemsirelerin glincel literatlr 1siginda ve kanita dayali
uygulamalariiceren ERAS mudahalelerini de bakim
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ve izlem sireclerine dahil ederek SRCHIPEK islemi
uygulanan hastalarda gérilebilecek komplikasyon ve
yeniden yatis oranlariniiyilestirebilecegi ve hastalarin
hastaneden daha kisa strede taburcu olmalarina
yardimci olabilecekleri distniimektedir. Bu olumlu
sonuclari yukseltmek amaciyla, klinik alanda aktif
rol alan kadin saglgi ve hastaliklari hemsirelerinin,
SRCHIPEK prosedri sonrasi hastaya butincul
bakim vermede ERAS protokoltni ve kanita dayal
uygulamalari kullanmasi, klinikte bulunan saglik
ekibine egitim ve farkindalik seminerleri vermesi,
bakim sUreclerini kaydederek kanit dizeyi yuksek
bilimsel calismalar yapmasi veya calisma gruplarina
katilmasi énerilmektedir.
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Geriatric Affective Symptoms in a Case Report: Bipolarity or Dementia?

ABSTRACT

Bipolar disorder and dementia are two independent and unrelated diagnostic groups. Recently, some
commonalities in the pathophysiological processes of bipolar disorder and dementia have been described in
the literature. However, this association has not been adequately evaluated at the clinical level, as affective
dysregulation in the elderly has typically been attributed to an emotional and behavioral complication secondary
to dementia. Here, we present and discuss an 89-year-old male patient who presented to our outpatient clinic
with manic symptoms, was not previously diagnosed with bipolar disorder, and was diagnosed with bipolar type
VI after clinical evaluation. The manic symptoms began with the addition of antidepressants, while his follow-up
and treatment continued with the diagnosis of dementia.

Keywords: Bipolar disorder, dementia, first manic episode.

OZET

Bipolar bozukluk ve demans birbirinden bagimsiz, iliskisiz iki tanisal gruptur. Literatlirde son zamanlarda bipolar
bozukluklarin ve demansin patofizyolojik slreclerinde bazi ortak noktalar tanimlanmistir. Bununla birlikte, bu
iliski klinik diizeyde yeterince degerlendirilmemistir, cinkl yaslilardaki afektif dizensizlik tipik olarak demansa
sekonder duygusal ve davranissal komplikasyona atfedilme egiliminde olmustur. Burada; manik semptomatoloji
ile poliklinigimize basvuran daha 6nce bipolar bozukluk tanisi olmayan, demans tanisi ile takip ve tedavisi devam
ederken antidepresan eklenmesi ile manik belirtiler baslayan, klinik degerlendirme sonucu bipolar tip VI tanisi ile
uyumlu oldugu duasitnilen seksen dokuz yasinda erkek hasta ile ilgili klinik bilgiler sunulmus ve literatir esliginde
tartisiimistir.

Anahtar Sézciikler: Bipolar bozukluk, demans, ilk manik epizot.
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Introduction

Bipolar disorder is a chronic illness characterized
by manic, depressive and mixed episodes and the
age of onset is before the age of 50 in a significant
proportion of patients. Affective symptoms that
appear for the first time in old age are different from
the episodes of older bipolar patients and show a
different course. These symptoms may occur in the
course of dementia or may be precursor symptoms
for dementia. In this presentation, we aimed to
evaluate a case of manic episode that started after
antidepressant treatment in an 89-year-old male
patient with dementia. He had no previous diagnosis
of bipolar disorder. We discussed the case in the
light of the current literature.

Case Report

An eighty-nine-year-old male patient was brought
to the outpatient clinic by his relatives because
of irritability, insomnia, increased sexual desire,
and inappropriate sexual behavior. According to
information from his children and medical records,
he had been treated for Alzheimer’s dementia for
about a year and a half. For about four months, he
had been experiencing irritability, decreased sleep,
increased speech, and preoccupation with marriage
and sexuality. For the past week, he had not slept at
all at night and had been exhibiting inappropriate
sexual speech and behavior. The patient thought his
granddaughter was his fiancée and said that they
were getting ready to marry soon, that he wanted to
buy her an engagement ring, and that she wanted
to buy him a gold watch. He had inappropriate
sexual conversations with his granddaughter and
other women in the family. It was planned to admit
the patient to the ward for further investigation and
treatment, with the consent of his relatives.

At the time of admission, the patient was taking
rivastigmine transdermal patch 9.5 mg/24 hours,
memantine 20 mg/day, quetiapine 50 mg/day, and
escitalopram 10 mg/day. He had no known systemic
disease other than Alzheimer’s dementia. A review of
his medical records revealed that escitalopram had
been added 5 months earlier because of depressive
symptoms that had developed during his antidementia
treatment, which had been ongoing for 1.5 years.
The neurologist, to whom he had been referred with

complaints of insomnia and aggressive behaviour,
had started him on quetiapine 50 mg/day 1 month
earlier.

The patient was bornin a village, started working
as a carpenter after finishing primary school, and
moved to the city with his family before military
service. He completed his military service, continued
to work as a carpenter, married at the age of 24,
had 4 children, had a functional level to support his
household, retired voluntarily at the age of 64, started
gardening after retirement, and had no psychiatric
admissions except for depressive symptoms that
appeared at the age of 73.

The history did not describe any prior episodes of
mania or hypomania. However, it was noted that he
had a lively, active, talkative, and outgoing personality.
He had experienced a depressive episode triggered
by a stressor at age 74, after his son got into debt.
There was a period of insomnia, unhappiness, fear
of leaving home, thoughts that he and his family
would be harmed, and complaints of auditory
hallucinations. He was treated for a short period of
time without hospitalization. The patient’s relatives
did not recall the medications used at that time. The
medical records did not contain any information from
that time. There was no history of alcohol or drug
use. There was no family history of bipolar disorder,
major depression or suicide.

On mental status examination, the patient was
conscious with partially inadequate orientation to
place, time and person. His affect was elevated,
with increased speech volume, rapid thought flow,
excessive preoccupation with marriage in thought
content, disinhibited behavior, decreased sleep
and appetite, and impaired judgment and reality
testing. The uneducated version of the Mini-Mental
State Examination revealed inadequate orientation,
attention, and recall, with a score of 15/30.

Vital signs, including temperature, pulse and blood
pressure were within normal ranges. Initial laboratory
tests, including complete blood count, biochemistry,
thyroid function tests, erythrocyte sedimentation
rate, C-reactive protein, and urinalysis, were within
normal limits. Atrial fibrillation (AF) was detected
on electrocardiographic examination, and treatment
with enoxaparin 6000 ANTI-XA 1U/0.6 mL/day and
metoprolol succinate 50 mg/day was started in



consultation with the cardiologist. In diffusion MR
examination, acute pathology was not considered
because no diffusion restriction was observed but
diffuse atrophy and ischemia findings were present.

Because the patient’s clinical symptoms were
compatible with a manic episode, escitalopram 10
mg was discontinued, and risperidone 0.5 mg was
started. Because of persistent sleep disturbances,
quetiapine was increased to 100 mg. During clinical
follow-up, the patient’s mood elevation, sexually
inappropriate talk and behavior toward female
staff persisted, and risperidone was increased to 1
mg on day 3 of hospitalization and to 2 mg on day
5. No sedation or extrapyramidal symptoms were
observed during follow-up. From the third day of
follow-up, the patient’s sleep duration was found
to be adequate and there was no daytime sedation.
Beginning on the tenth day, the patient’s speech
decreased, disinhibited behaviors regressed, sleep
duration increased, and the preoccupation with
marriage decreased. Toward the end of the second
week, when the patient appeared overly subdued,
the risperidone dose was reduced to 1mg and he was
discharged for outpatient follow-up and treatment
at the family’s request. At an outpatient follow-up
visit 1T week later, the quetiapine dose was increased
to 150 mg because of prolonged sleep latency. No
significant side effects were observed with treatment,
and the patient’s mood was assessed as euthymic.
Written informed consent was obtained from the
patient’s legal guardian before the case was prepared
and written.

Discussion

Bipolar disorder is a chronic mood disorder with a
prevalence of 1-5% in the population. It has a significant
impact on individuals and society due to problems
such as impaired occupational and social functioning,
increased medical costs, decreased productivity,
and increased risk of suicide (1). It typically begins
in late adolescence or early adulthood (2).

A diagnosis of mania occurring after the age of
50 in a patient with no history of manic episodes
is rare, but clinically significant. Late-onset mania
differs from late-onset bipolar disorder and maniain
patients diagnosed with bipolar disorder at an older
age in several ways, primarily suggesting a more

organic etiology. First manic episodes occurring at an
older age are often referred to as secondary mania,
with cerebrovascular events, medication treatments,
metabolic problems, and other neurological disorders
often identified as causes in the etiology (3-5). In
addition, treatment of the underlying organic cause
has been found to contribute to the successful
management of the manic episode (5). Although no
neurological deficit was found to explain the manic
symptomatology in the patient, the presence of
previously undiagnosed atrial fibrillation and ischemic
lesions on brainimaging suggest vascular dementia.
There are studies associating inappropriate sexual
behaviors with vascular dementia rather than other
dementias (6)

Although the first episode of classic mania is quite
rare in the elderly, mood instability, mixed periods
of irritability, agitation, and atypical depression may
occur in previously healthy individuals beginning
in the sixth decade of life, along with cognitive
decline. In areview by Akiskal et al, it was suggested
that the intersection of dementia and bipolarity
could be temporarily defined as “bipolar type VI”
(7). In support of this proposal, a case series was
published in which 10 elderly patients without
a clear history of bipolar disorder but with late-
onset affective symptoms, associated behavioral
symptoms, and cognitive decline were selected.
Clinical features, temperament, cognition, family
history, and pharmacological response were assessed
to identify prototypical patients to demonstrate the
complexity of the dementia-bipolar interface (8).
Results showed that mixed and depressive mood
symptoms were more common in these patients,
most of whom had a premorbid hyperthymic,
cyclothymic, and/or irritable temperament, with a
psychiatric history and/or family history of mood
disorders in most cases. Symptoms were generally
resistant to antidepressants and acetylcholinesterase
inhibitors, but responded well to mood stabilizers
and/or atypical antipsychotics.

Due to the patient’s advanced age, history
could not be obtained from the patient’s peers
and parents, resulting in limited history information.
Although we did not use a temperament scale
due to the patient’s age and cognitive status, we
believe the premorbid condition is consistent with
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characteristics of a hyperthymic temperament based
on history and clinical assessment. The patient’s
hyperthymic temperament may have made it difficult
to identify occasional hypomanic episodes, and
thus a previous diagnosis of bipolar disorder may
have been missed. Although there was no family
history of mood disorders, it was understood that
the patient had experienced a psychotic depressive
episode approximately a decade before the dementia
symptoms, and that the manic symptoms were
triggered by antidepressant treatment initiated for
recurrent depressive symptoms after the dementia
diagnosis. The rapid improvement in the patient’s
symptoms after discontinuation of the antidepressant,
initiation of protective antiplatelet therapy for atrial
fibrillation, and atypical antipsychotic treatment
supports the idea that sexually disinhibited behaviors
were related to affective elevation rather than
dementia-related behavioral problems.

In addition to neurocognitive symptoms, patients
with dementia experience a group of psychological
and behavioral symptoms called neuropsychiatric
symptoms. These symptoms include apathy,
depression, sleep disturbances, hallucinations,
delusions, psychosis, agitation, aggression, and
disinhibition. (9) Inappropriate sexual talk and
behavior, which was prominent in this case, can be
considered a symptom of disinhibition, which can
be seen in various types of dementia. Symptoms of
sexual disinhibition are seen in the early stages of
frontotemporal dementia, whereas they occur in the
intermediate and advanced stages of Alzheimer’s
dementia (10). In a recent retrospective study,
hypersexual behaviors were found with a frequency
of 9.3% in patients with dementia, and male gender,
diagnosis of frontotemporal dementia, alcohol, and
smoking were reported as factors associated with
hypersexual behaviors (11).

Inappropriate sexual behavior in dementia has
also been associated with the use of levodopa,
benzodiazepines, alcohol and antidepressant
treatments. Sometimes undressing and touching
the genitals may occur as a result of inability to cope
with physical symptoms such as hyperthermia or
itching. Or, asin our case, the person with dementia
may substitute others as sexual partners because
they cannot recognize their relatives. Inappropriate

sexual behaviors that occur in old age may lead to
the development of feelings such as fear and shame
in the caregiver and disruption of the care of the
patient with dementia (10).

The fact that inappropriate sexual behaviors and
increased sexual desire symptoms were accompanied
by symptoms such as elevated mood, increased
speech and energy, insomnia and loss of appetite,
and met the criteria for mania, led us to move away
from the diagnosis of sexual disinhibition that occurs
clinically in the course of dementia.

Conclusion

Sometimes late affective symptoms may precede
or predict dementia. These symptoms can also
be considered a form of pseudodementia. As in
our case, affective symptoms may appear after
dementia symptoms. Antidepressants may exacerbate
behavioral dysregulation and affective symptoms
in these patients. Assessing temperament prior
to illness and/or a family history of bipolarity and
related conditions can provide a broader perspective
for understanding these patients. Achieving mood
stabilization and avoiding antidepressants in selected
patients may provide a better treatment option.
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Evaluating Adverse Events and Management Strategies in Foam Sclerotherapy: A Case
Report of Sinus Venosus Atrial Septal Defect

ABSTRACT

Foam sclerotherapy (FS) is widely employed for minimally invasive varicose vein treatment. Despite
contraindications in symptomatic right-to-left shunt cases like patent foramen ovale, routine pre-procedure
transthoracic echocardiogram (TTE) screening isn’t standard. This article discusses managing chest symptoms
during FS in a young woman later diagnosed with an unknown sinus venosus atrial septal defect (SV-ASD). FS
was administered to a 38-year-old female with symptomatic CEAP-1, who developed sudden shortness of breath
and chest tightness. Subsequent diagnosis revealed SV-ASD. Minimally invasive repair followed four weeks later.
While FS is generally safe, it poses systemic adverse event risks, emphasizing vigilance in managing SV-ASD
patients undergoing FS

Keywords: Adverse events, foam sclerotherapy, sclerotherapy, minimally invasive treatment, sinus venosus atrial
septal defect.

OZET

Kopuk skleroterapi (KS), minimal invaziv varis tedavisi icin yaygin olarak kullanilmaktadir. Patent foramen ovale
gibi semptomatik sagdan sola sant vakalarinda kontrendikasyonlara ragmen, islem &éncesi rutin transtorasik
ekokardiyogram (TTE) taramasi standart degildir. Bu makale, daha sonra bilinmeyen bir sinus venosus atrial
septal defekt (SV-ASD) teshisi konulan genc bir kadinda KS sirasinda gelisen g6gis semptomlarinin ydonetimini
ele almaktadir. Semptomatik CEAP-1 tanisi olan 38 yasindaki bir kadina KS uygulanmis ve hastada g6gdus
semptomlari gelismistir. Sonrasinda yapilan teshis SV-ASD’yi ortaya koymustur. Dért hafta sonra minimal invaziv
onarim gerceklestirilmistir. KS genellikle glvenli olmakla birlikte, sistemik advers olay riskleri tasir, bu da KS
uygulanan SV-ASD hastalarinin yénetiminde dikkatli olunmasi gerektigini vurgular.

Anahtar So6zciikler: Advers olaylar, kopUk skleroterapi, minimal invaziv tedavi, sinus venosus atrial septal defekt,
skleroterapi.
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Introduction

Sclerotherapy, a procedure widely employed for
several years in the minimally invasive treatment
of telangiectasias, spider veins, reticular veins,
and varicose veins in the lower extremities, is
generally regarded as safe (1). Despite its safety
profile, sclerotherapy encompasses a spectrum
of adverse events (AEs) ranging from simple local
reactions to potentially life-threatening complications
such as cerebrovascular events, cardiac toxicity,
pulmonary embolism, deep vein thrombosis, and
severe anaphylactic reactions. Some studies have
reported the detection of patent foramen ovale
(PFO) in patients who experienced systemic AEs
during sclerotherapy. Although systemic AEs are
less frequent than local AEs, they can lead to serious
outcomes, including fatalities, when they occur (1,2).

This article presents the case of a patient with an
undiagnosed sinus venosus atrial septal defect (SV-
ASD) who developed chest tightness and shortness of
breath likely attributable to air embolism or chemical-
induced vasospasm during foam sclerotherapy (FS).

Case Presentation

Informed consent was obtained from the patient
for the publication of this case report. A 38-year-old
female patient with symptomatic CEAP-1presented
with sudden onset chest tightness and shortness
of breath during foam injection sclerotherapy of
the reticular vein in her right leg. Pre-procedure
Doppler ultrasonography revealed no insufficiency
in the great and small saphenous veins, deep venous
system, or saphenofemoral junction, with standard
diameters. The patient had no known medical history
or medications.

Polidocanol foam (1%) (Aethoxysklerol VR, Keussler
Pharma, Wiesbaden, Germany) was prepared using
the Tessari method with a double syringe and a three-
way tap (3). After cleansing the target localization
with ethyl alcohol, T ml of foam was injected into the
target vein using a 30G sclerotherapy needle guided
by Portable Veinlite (Veinlite LEDXVR, TransLite, LLC,
Sugar Land, TX, USA). Compression was applied to
the target vein.

While under compression, the patient experienced
sudden shortness of breath and chest tightness. She
was placed in the Trendelenburg position, and nasal

oxygen at 5 L/min was administered. Peripheral
vascular access was established, and the patient
received 2 ml of pheniramine maleate and 40 mg of
methylprednisolone. Enoxaparin 0.6 ml was injected
subcutaneously, and 100 mg of acetylsalicylic acid
was administered sublingually. Upon examination,
her temperature was 37°C, respiratory rate 22 breaths
per minute, oxygen saturation 99%, and blood
pressure 138/86 mmHg. Electrocardiogram (ECG)
showed no evidence of ischemia, with a heart rate
of 100 beats per minute and sinus rhythm. Right
bundle branch block and 150 degrees right QRS
axis deviation were observed on ECG (Figure ).
Neurological examination was unremarkable. The
patient’s symptoms improved after approximately
20 minutes, and further evaluations were conducted.
Chest X-ray revealed enlargement of the right side of
the mediastinum. Initial high-sensitivity troponin T
levels were elevated at 760 ng/L, which decreased to
544 ng/L after 4 hours and 236 ng/L after 24 hours.
D-dimer level was 0.48 ug/mL, and all other blood
tests were within normal limits. Anaphylaxis due to
the sclerosing agent was considered unlikely due to
the absence of clinical manifestations. Myocardial
infarction was ruled out based on troponin levels
and the absence of ischemic findings on ECG. CT
pulmonary angiogram for pulmonary embolism
yielded negative results.

Figure I. ECG recording obtained during onset of patient

symptoms.

Transthoracic echocardiogram (TTE) was performed
to assess cardiac function and rule out pericardial
pathologies. Left ventricular function and heart
valves appeared normal, while the right atrium
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and ventricle were dilated, and pulmonary artery
pressure was within normal range. A left-to-right
shunt was identified. After 24 hours of observation,
the patient was discharged with enoxaparin 0.6 ml
and 81 mg of acetylsalicylic acid.

Figure Il. Clinical application of TEE images depicting sinus

osus-atrial septal defect.

Two weeks later, she was readmitted for further
evaluation and preparation for atrial septal defect
(ASD) surgery. Transesophageal echocardiography
(TEE) revealed a left-to-right shunt with a Qp: Qs
ratio of 2.1, along with SV-ASD and anomalous
right superior pulmonary venous return (Figure II).
Coronary artery angiography was not performed
due to the absence of risk factors.

Given the patient’s cosmetic concerns and young
age, a minimally invasive approach was chosen.
An incision was made through the fourth right
intercostal space, and cardiopulmonary bypass with
aortic cross-clamping was utilized with bicaval and
femoral artery cannulation. Del Nido cardioplegia
induced cardiac arrest under moderate systemic
hypothermia.

The interatrial defect was accessed through a
right atriotomy extending into the superior vena
cava (SVC). Examination within the right atrial cavity
revealed SV-ASD near the SVC and the right upper
pulmonary vein draining proximally to the SVC. A
fresh autologous pericardial patch was sutured with
a 5/0 monofilament suture to close the SV-ASD and
redirect pulmonary venous flow to the left atrium.
SVC expansion plasty was not performed due to the
absence of narrowing.

The patient was extubated 4 hours post-surgery
and discharged in good condition on the fifth
postoperative day with 100 mg of acetylsalicylic
acid.

Discussion
Sclerotherapy is designed to induce a controlled
thrombophlebitis reaction by inflicting endothelial

damage with a sclerosing agent within the vein
wall. This process triggers fibrosis and eventual
obliteration of the vessel (4). Typically, the liquid
sclerosing agent is combined with a gas (such as
air or CO2) in a 1:4 ratio using the Tessari method
to generate foam, which is then administered to the
target vessels through various catheter techniques
(3). However, this technique presents drawbacks such
as variations in gas/liquid compositions, bubble size,
foam behavior, and safety concerns. Systemic AEs
may arise due to the pharmacological properties
of the sclerosing agent, air embolism, or chemical-
induced vasospasm (2).

ASDs represent the third most prevalent congenital
heart anomaly in adults, with SV-ASDs accounting
for approximately 4-11% of all ASDs. SV-ASD denotes
a communication defect between one or more right
pulmonary veins and either the superior vena cava
(superior sinus venosus) or the inferior vena cava
(inferior sinus venosus) (5). While the majority of
SV-ASD patients remain asymptomatic throughout
childhood, even those with left-to-right shunts may
not exhibit discernible symptoms until adulthood.
Most SV-ASDs are incidentally detected during
evaluations for nonspecific clinical signs such as
exertional dyspnea, arrhythmias, and paradoxical
embolism.

Paradoxical embolism through ASDs can be
triggered by thrombus, fat, or air (6). Several case
reports have documented ischemic stroke resulting
from paradoxical embolism following foam injection
sclerotherapy for varicose veins in patients with PFO.
The resulting ischemia may stem from air embolism
or chemical-induced vasospasm (7). Moreover, rare
yet potentially fatal cardiac complications, including
post-sclerotherapy myocardial infarction and sudden
cardiac death, have been reported, indicating a
similar mechanism of myocardial injury as observed
in cerebral events following foam sclerotherapy (8-
9). In our case of SV-ASD, the immediate onset of
symptoms following foam sclerotherapy suggests
myocardial injury due to air embolism or chemically
induced vasospasm.

Stroke or cardiac symptoms arising during or
after foam sclerotherapy should raise suspicion for
ischemia due to paradoxical embolism of the foam
through ASDs. It is crucial to acknowledge that such
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ischemic events may be attributed to air embolism
or chemical spasm (10). While specific screening for
the presence of a right-to-left shunt before foam
sclerotherapy is not deemed necessary, it is imperative
to recognize that foam sclerotherapy represents an
absolute contraindication in patients with symptomatic
right-to-left shunts (e.g., symptomatic SV-ASD).

As a result, physicians must remain cognizant of
the potential serious and even life-threatening AEs
associated with sclerotherapy, adequately inform
their patients, and be prepared to manage such
events effectively. The incidence or prevalence of
complications, particularly cardiac AE, is challenging
to assess but can be potentially fatal. There is ongoing
debate regarding whether all patients should undergo
transthoracic echocardiography screening before
undergoing sclerotherapy. However, routine TTE
screening is not currently feasible.

Future research, leveraging advancing technology,
should prioritize the development of sclerosing
agents with improved safety profiles. Furthermore,
further investigation is warranted to determine the
optimal foam volume for safe administration.
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Comment on “The Relationship of Gallstone Disease with Serum RBP4 Level, Vitamin D,

Lipid Profile, Insulin Resistance and Uric Acid Levels”

Dear Editor,

We read with great interest the research article
titled “The Relationship of Gallstone Disease with
Serum RBP4 Level, Vitamin D, Lipid Profile, Insulin
Resistance and Uric Acid Levels” by Kurt inci et al.,
published in the second issue of Hitit Journal of
Science in 2024 (1). We would like to express our
gratitude to the authors and the editorial team for
their valuable contributions. Through this letter, we
aim to highlight specific elements that we believe
will enrich the ongoing discussion around the article.
Obesity and gallstone disease are frequently co-
occurring conditions. Given the rising global prevalence
of obesity and metabolic syndrome, investigating
the relationship between gallstones and insulin
resistance is of significant importance (2). Insulin
resistance, as a component of metabolic syndrome,
contributes to gallstone disease by altering bile
composition and increasing the risk of cholesterol
stone formation, alongside other risk factors such
as obesity, dyslipidemia, hypertension, and type 2
diabetes. One of the significant objectives of the
study conducted by Kurt inci et al. is to examine the
relationship between insulin resistance and RBP-4,
a bioactive protein of adipose tissue, and gallstone
disease. Given the limited research in this area, we
recognize and appreciate the relevance of this study.

However, we wish to express our concerns regarding
the exclusion criteria of the study. The Methods section
does not specify whether the patients were using
medications that could impact the study outcomes,
such as metformin, which enhances insulin sensitivity
and reduces hepatic glucose production; allopurinol,
which decreases uric acid production; or thiazide
diuretics, which increase uric acid reabsorption in
the kidneys (3-5). The lack of information on whether
these medications were used could affect the study’s
independent variables and outcomes.

The study categorized patients into two groups
based on abdominal imaging conducted over the
past two years to assess the presence of gallstones.
However, there is a potential risk that patients initially
classified as stone-free may develop gallstones over
nearly a three-year period. A principal limitation of
the study is the temporal mismatch between the
blood samples collected for RBP-4 evaluation and
the ultrasound imaging. This lack of synchronization

between imagining, the other retrospectively screened
biochemical parameters and blood samples of RBP4
introduces the possibility of variability in the results
and constitutes a major limitation of the study.

In conclusion, while recognizing the merit of Kurt
inci’s study, we believe that addressing our concerns
regarding the exclusion criteria and temporal mismatch
will further strengthen the scientific validity and
clinical relevance of the findings. We look forward
to advancements in this research area with great
interest. Furthermore, we wish to express our sincere
appreciation to the author, Kurt inci, for his valuable
contribution to the field despite the limited existing
literature.
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Response from author:

Dear Editor,

First of all, thank you for your contribution to our
article titled ‘The Relationship of Gallstone Disease
with Serum RBP4 Level, Vitamin D, Lipid Profile,
Insulin Resistance and Uric Acid Levels’. The point
mentioned by the author that we are based on
imaging studies performed within the last 2 years
is one of the missing points of the study, but when
our patients are evaluated individually, there are
only patients with gallstone disease whose imaging
studies were obtained in a period of >3 months. The
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imaging of the entire patient group without gallstones
was within 3 months. Since it was a study derived
from a thesis, the details of the study were restricted
in the article. However, the fact that this was not
stated in the study material method is a deficiency
and the author is right in this regard. Patients were
not on metformin and did not have a diagnosis of
diabetes. The use of allopurinol, which reduces uric
acid production, and antihypertensive treatment were
questioned and there were no patients using these
treatments in our study. | would like to emphasize
again that these data were not included in order not
to make the article too long since it is a publication
derived from a thesis and the author has made very
correct points. Thank you very much.

Dr.Bediz Kurt Inci

Response from editor:

The metabolic parameters associated with
gallstones have been the focus of numerous studies
and remain an area of considerable interest. Kurt
inci et al. evaluated the biochemical parameters
linked to gallstone disease, with a primary focus on
serum RBP4. Their study did not reveal a statistically
significant relationship between gallstones and RBP4,
vitamin D, LDL, triglyceride, total cholesterol, uric
acid, or HOMA-IR. Conversely, a positive correlation
was observed between vitamin D levels and RBP4.
This letter addresses potential confounding factors
that may affect these relationships, particularly in
relation to exclusion criteria and temporal mismatches.
Gallstone disease is prevalent and clinically significant.
Despite various studies exploring lipid levels, uric
acid, and HOMA-IR, the presence of conflicting data
underscores the necessity for more comprehensive
retrospective or prospective research involving larger
patient cohorts. The study conducted by Kurt inci
et al. and the valuable contributions of the authors
will provide important insights that will guide the
design of future prospective, multicenter, randomized
studies.

Dr. Tolga Duzenli
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Dear Editor,

| was intrigued by the article by Avc, titled “The
Effect of Thyroid Nodule Size and Characteristics
on the Accuracy of Fine-Needle Aspiration Biopsy
and the Risk of Malignancy,” published in Volume
6, Issue 3 of the Hitit Medical Journal in 2024 (1). |
express my appreciation to both the author and the
editorial team for their insightful contribution. In this
letter, | aim to address aspects that may enrich the
discussion.

Thyroid nodules affect approximately 50% of
individuals (2). Ultrasonographic features and
fine-needle aspiration biopsy (FNAB) are vital in
malignancy risk assessment and decision-making for
surgical interventions. This study, which examines
sonographic findings and FNAB results, with particular
attention to the differences between large and small
nodules, is highly commendable.

However, | wish to comment on the histopathological
classification of thyroidectomy specimens used in
the article. While the Bethesda system categorizes
cytological findings from FNAB into six groups, it
is not applied to histopathological evaluations of
thyroidectomy specimens. Instead, these are classified
as malignant or benign, with additional subcategories
(3). The study’s use of Bethesda categories for
postoperative pathology results, dividing them into
three groups, raises some concerns. For instance,
the results categorized as Bethesda 4 (group 2)
likely represent follicular neoplasms. However,
follicular adenomas should be classified as benign,
while follicular carcinomas are malignant, based on
capsular and vascular invasion. Cases lacking such
evaluation are typically noted by pathologists.

Combining Bethesda categories 3 and 4 as an
“indeterminate group” for FNAB results is reasonable.
However, merging Bethesda 5 (“suspicious for
malignancy”) and 6 (“malignant”) into a single
“malignant” category may have impacted the study’s
outcomes. Bethesda 5 carries a malignancy risk
of 67-83%, whereas Bethesda 6 is nearly always
malignant (3). The study suggests that FNAB reliability
decreases for nodules larger than 27 mm, but this
cutoff was derived from a mixed group including
Bethesda 5 cases—some of which were benign—and
Bethesda 6 cases. This overlap may have influenced
the false positive rate and reduced the reliability of

the findings. Separate analyses of Bethesda 5 and
6 outcomes would yield more precise conclusions
regarding malighancy probabilities.

In conclusion, | commend the authors for their
valuable contribution to this critical topic. Their
practical conclusions align with current literature,
offering insights to guide patient management.
| believe my additional points will further enrich
the study and foster continued discourse on this
important subject.
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Response from Author:

Dear Editor,

| greatly appreciated the letter to the editor
regarding my manuscript titled “The Impact of
Thyroid Nodule Size and Characteristics on Fine
Needle Aspiration Biopsy (FNAB) Accuracy and
Malignancy Risk.” | extend my sincere gratitude
to the author for enriching the discussion with
their insightful suggestions, and to you, esteemed
editor, for providing me with the opportunity to
respond on this matter. The Bethesda system is a
well-established method for evaluating cytological
findings obtained from FNAB; however, it is not
utilized for the histopathological evaluation of
thyroidectomy specimens. The author is absolutely
correct in pointing this out. Nevertheless, to examine
the accuracy of FNAB and derive statistical outcomes,
it is essential to ensure that the scoring system at
the entry point aligns with the scoring system at
the endpoint. For this reason, the postoperative
pathology results were grouped to correspond to
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the six Bethesda subcategories, with groups defined
as follows: Bethesda Il for benign lesions, Bethesda
IV for indeterminate lesions, and Bethesda VI for
malignant lesions. As the author has noted, while
the results ideally should be classified as benign or
malignant, pathological results can sometimes fall
within the indeterminate group. This classification
was made solely to maintain the comparability
of the data. Regarding the author’s suggestion
to combine Bethesda V and VI categories, their
perspective is undoubtedly valuable and valid.
However, based on their rationale, combining Bethesda
I and Il or Bethesda lll and IV would also have been
inappropriate. The primary objective of our study
was to assess the accuracy of FNAB, and achieving
clear distinctions among benign, indeterminate, and
malignant results was our main focus. Grouping
was necessary to draw reliable conclusions from
a relatively small population. Furthermore, as the
author rightly mentioned, Bethesda V, classified as
“suspicious for malignancy,” indicates a malignancy
risk exceeding 67%. With malignancy risk exceeding
50%, this category represents a diagnostic threshold
that often prompts surgeons, including myself, to
opt for total thyroidectomy rather than lobectomy.
From this perspective, combining Bethesda V and
VI appears logical. In conclusion, | express my
gratitude and congratulations to the author for their
valuable contributions and recommendations on
this significant topic. | also deeply appreciate their
kind thoughts about my work. | am confident that
future studies with larger populations will further
enrich this discussion and help resolve some of the
existing uncertainties.

Sincerely,

Dr. Mehmet Alperen AVCI

Response from Editor:

Thank you for your valuable contribution regarding
the article titled “The Effect of Thyroid Nodule Size
and Characteristics on the Accuracy of Fine-Needle
Aspiration Biopsy and the Risk of Malignancy” by
Avcl et al. Your comments on the methodological
challenges of applying the Bethesda classification
to postoperative pathology results and its potential
impact on the reliability of FNAB findings are
highly appreciated. Specifically, your suggestion

to analyze Bethesda categories 5 and 6 separately
is noteworthy, as it could provide greater clarity in
interpreting the results. Furthermore, your emphasis
on the reduced sensitivity of FNAB in larger nodules
and the importance of a more detailed statistical
evaluation of false-positive rates aligns well with
current discussions in the literature and offers a
valuable perspective to the study. We believe that
your constructive critique will serve as a guide for
future research in this area. Thank you once again
for your insightful contribution, and we wish you
continued success in your work.

Sincerely,

Dr. Veysel Baris Turhan
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