JOURNAL OF ACADEMIC RESEARCH IN MEDICINE

Orijinal Arastirmalar / Original Investigations

Urine Sarcosine in Prostate Cancer
Prostat Kanserinde Idrar Sarkozini
Onur Fikri ve ark.; Istanbul, Izmir, Turkey

A New Questionnaire for Aesthetic Gynecology
Estetik Jinekoloji icin Yeni Bir Anket
Dilsad Herkiloglu ve ark.; Istanbul, Turkey

Biofilm Formation of Staphylococcus aureus
Staphylococcus aureus Izolatlarinda Biyofilm Olugumu
Ahmed Hassan ibrahim ve ark.; Nicosia, Cyprus

Carbapenem-resistant Enterobacterales: Colistin Susceptibility
Karbapenem Direncli Enterobacterales: Kolistin Duyarliligi
Reyhan Yis; Izmir, Turkey

Allergic Rhinitis and Diet

Alerjik Rinit ve Diyet lligkisi

Yetkin Zeki Yilmaz ve ark.; Istanbul, Turkey

Frequencies, Variations, Significance of Rouviere's Sulcus

Rouviere Sulkusunun Sikliklari, Varyasyonlari, Onemi
Ersin Acet ve ark.; Istanbul, Turkey

More Medial Angulation Means More Danger
Fasetten Fazla Medial A¢ilanma, Fazla Tehlike
Kadir Abul; Istanbul, Turkey

Metformin on Epileptiform Activity in Rats
Epileptiform Aktivite Uzerine Metformin Tedavisinin Etkileri
Umit Kilig ve ark.; Diizce, Bolu, Turkey

Evaluation of Patients with MODY
MODY Olgularinin Degerlendirilmesi
Elif Sagsak ve ark.; Istanbul, Corum, Turkey

VOLUME: 12 ISSUE: 2 AUGUST 2022

UNIVERSITY OF HEALTH SCIENCES TURKEY GAZIOSMANPASA TRAINING AND RESEARCH HOSPITAL




LJarem

JOURNAL OF ACADEMIC RESEARCH IN MEDICINE

Bas Editor / Editor in Chief

Omer N. Develioglu

Saglik Bilimleri Universitesi Gaziosmanpasa Egitim ve Arastirma Hastanesi, Kulak Burun Bogaz ve Bas Boyun Cerrahisi Anabilim Dali, istanbul, Tiirkiye

Department of Otolaryngology-Head and Neck Surgery, University of Health Sciences Turkey Gaziosmanpasa Training and Research Hospital, Istanbul, Turkey

Editorler / Editors

Mine Adag

Saglik Bilimleri Universitesi Okmeydani Egitim ve
Arastirma Hastanesi, Endokrinoloji Anabilim Dall,
Istanbul, Turkiye

Department of Endocrinology, University of Health
Sciences Turkey Prof. Dr. Cemil Tas¢ioglu City
Hospital, Istanbul, Turkey

Ali Ayyildiz

Adiyaman Universitesi, Uroloji Anabilim Dali,
Adiyaman, Turkiye

Department of Urology, Adiyaman University Faculty
of Medicine, Adiyaman, Turkey

Okcan Basat

Saglik Bilimleri Universitesi Gaziosmanpasa Egitim
ve Arastirma Hastanesi, Aile Hekimligi Anabilim Dali,
istanbul, Tiirkiye

Department of Family Medicine, University of
Health Sciences Turkey Gaziosmanpasa Training and
Research Hospital, Istanbul, Turkey

Hakan Basar

Saglik Bilimleri Universitesi Gaziosmanpasa Egitim
ve Arastirma Hastanesi, Ortopedi ve Travmatoloji
Anabilim Dal, Istanbul, Tirkiye

Department of Orthopedics and Traumatology,
University of Health Sciences Turkey Gaziosmanpasa
Training and Research Hospital, Istanbul, Turkey

Aysegiil Batioglu Karaaltin

istanbul Universitesi-Cerrahpasa, Cerrahpasa Tip
Fakiiltesi, Kulak Burun Bogaz Hastaliklari Anabilim
Dall, Istanbul, Tirkiye

Department of Otorhinolaryngology, Istanbul
University-Cerrahpasa, Cerrahpasa Faculty of
Medicine, Istanbul, Turkey

Sibel Bektas

Saglik Bilimleri Universitesi, Gaziosmanpasa Egitim
ve Arastirma Hastanesi, Tibbi Patoloji Anabilim Dali,
Istanbul, Tirkiye

Department of Medical Pathology, University of
Health Sciences Turkey Gaziosmanpasa Training and
Research Hospital, Istanbul, Turkey

Cagatay Blyikuysal

Zonguldak Bilent Ecevit Universitesi Tip Fakiiltesi,
Biyoistatistik Anabilim Dali, Zonguldak, Turkiye
Department of Biostatistics, Zonguldak Biilent
Ecevit University Faculty of Medicine, Zonguldak,
Turkey

Okan Demiray

Saglik Bilimleri Universitesi Taksim Egitim ve
Arastirma Hastanesi, Genel Cerrahi Anabilim Dall,
istanbul, Tiirkiye

Department of General Surgery, University of Health
Sciences Turkey Taksim Training and Research
Hospital, Istanbul, Turkey

Tiraje Celkan

istanbul Universitesi-Cerrahpasa, Cerrahpasa Tip
Fakiiltesi, Cocuk Sagligi ve Hastaliklari Anabilim
Dall, Istanbul, Tirkiye

Department of Pediatrics, [stanbul University-
Cerrahpasa, Cerrahpasa Faculty of Medicine,
Istanbul, Turkey

Erding Civelek

Saglik Bilimleri Universitesi Gaziosmanpasa Egitim
ve Arastirma Hastanesi, Beyin ve Sinir Cerrahisi
Anabilim Dali, istanbul, Tirkiye

Department of Brain and Nerve Surgery, University
of Health Sciences Turkey Gaziosmanpasa Training
and Research Hospital, Istanbul, Turkey

Nevriye Gonullu
istanbul Universitesi-Cerrahpasa, Cerrahpasa Tip

Fakiiltesi, Tibbi Mikrobiyoloji Anabilim Dali, Istanbul,

Tarkiye

Department of Medical Microbiology, Istanbul
University-Cerrahpasa, Cerrahpasa Faculty of
Medicine, Istanbul, Turkey

Seda Geylani Giileg

Saglik Bilimleri Universitesi Sisli Hamidiye Etfal
Egitim ve Arastirma Hastanesi, Cocuk Sagligi ve
Hastaliklari Anabilim Dali, Istanbul, Tirkiye
Department of Pediatrics, University of Health
Sciences Turkey Sisli Hamidiye Etfal Training and
Research Hospital, Istanbul, Turkey

Mustafa Hasbahceci

Medical Park Fatih Hastanesi, Genel Cerrahi Klinigi,
Istanbul, Turkiye

Clinic of General Surgery, Medical Park Fatih
Hospital, Istanbul, Turkey

Mine Kucur

istanbul Universitesi-Cerrahpasa, Cerrahpasa Tip
Fakiiltesi, Tibbi Biyokimya Anabilim Dal,
Istanbul, Tirkiye

Department of Medical Biochemistry, istanbul
University-Cerrahpasa, Cerrahpasa Faculty of
Medicine, Istanbul, Turkey

Veli Mihmanli

Saglik Bilimleri Universitesi Prof. Dr. Cemil Tasgioglu
Sehir Hastanesi, Kadin Hastaliklari ve Dogum
Anabilim Dali, Istanbul, Tiirkiye

Department of Obstetrics and Gynaecology,
University of Health Sciences Turkey Prof. Dr. Cemil
Tascioglu City Hospital, Istanbul, Turkey

ismail Mihmanli

istanbul Universitesi-Cerrahpasa, Cerrahpasa Tip
Fakiiltesi, Radyoloji Anabilim Dali, istanbul, Tiirkiye
Department of Radiology, Istanbul University-
Cerrahpasa, Cerrahpasa Faculty of Medicine,
Istanbul, Turkey

Ufuk Ozkaya

Memorial Bahgelievler Hastanesi, Ortopedi ve
Travmatoloji Klinigi, Istanbul, Turkiye

Clinic of Orthopedics and Traumatology, Memorial
Bahcelievler Hospital, Istanbul, Turkey

Ahmet ilker Tekkesin

Saglik Bilimleri Universitesi, Dr. Siyami Ersek Saglik
Uygulama Arastirma Merkezi, Kardiyoloji Klinigi,
Istanbul, Trkiye

Department of Cardiology, University of Health
Sciences Turkey, Dr. Siyami Ersek Health Practice
Research Center, Istanbul, Turkey



LJarem

JOURNAL OF ACADEMIC RESEARCH IN MEDICINE

Ayse Cigdem Tutiinci

Istanbul Universitesi-Cerrahpasa, Cerrahpasa Tip
Fakdiltesi, Anesteziyoloji ve Reanimasyon Anabilim
Dall, istanbul, Tirkiye

Department of Anesthesiology and Reanimation,
Istanbul University-Cerrahpasa, Cerrahpasa Faculty
of Medicine, Istanbul, Turkey

Sema Ugak Basat

Saglik Bilimleri Universitesi Umraniye Egitim ve
Arastirma Hastanesi, i¢ Hastaliklar Anabilim Dall,
Istanbul, Trkiye

Department of Internal Medicine, University of
Health Sciences Umraniye Training and Research
Hospital, Istanbul, Turkey

Serdal Ugurlu

istanbul Universitesi-Cerrahpasa, Cerrahpasa Tip
Fakdltesi, ig Hastaliklari Anabilim Dali, Romatoloji
Bilim Dali, Istanbul, Turkiye

Department of Internal Diseases, Division of
Rheumatology, Istanbul University-Cerrahpasa,
Cerrahpasa Faculty of Medicine, Istanbul, Turkey

Nurten Uzun Adatepe
istanbul Universitesi-Cerrahpasa, Cerrrahpasa Tip
Fakiiltesi, Noroloji Anabilim Dali, Istanbul, Turkiye

Department of Neurology, Istanbul University-
Cerrahpasa, Cerrrahpasa Faculty of Medicine,
Istanbul, Turkey

Hiseyin Giileg

Saglik Bilimleri Universitesi, Istanbul Erenkdy Ruh
ve Sinir Hastaliklari EGitim ve Arastirma Hastanesi,
istanbul, Tiirkiye

University of Health Sciences Turkey, istanbul
Erenkdy Training and Research Hospital for
Psychiatric and Neurological Diseases, Istanbul,
Turkey

Evrim Coskun

Saglik Bilimleri Universitesi Basaksehir Cam ve Sakura
Hastanesi, Fizik Tedavi ve Rehabilitasyon Anabilim Dali,
Istanbul, Tirkiye

University of Health Sciences Turkey, Basaksehir Cam
and Sakura City Hospital, Department of Physical
Therapy and Rehabilitation, istanbul, Turkey

Ulviye Yigit

Hali¢ Universitesi Tip Fakiiltesi, Géz Hastaliklari
Anabilim Dall, Istanbul, Tirkiye

Hali¢ University Faculty of Medicine, Department of
Ophthalmology, Istanbul, Turkey

Erdogan Bulut

Trakya Universitesi Saglik Bilimleri Fakiiltesi,
Odyoloji Anabilim Dali, Edirne, Turkiye
Department of Audiology, Trakya University Faculty
of Health Science, Edirne, Turkey

ingilizce Dil Editérleri

Bugra Han Egeli

Boston Cocuk Hastanesi, Romatoloji Klinigi,
Boston, ABD

Clinic of Rheumatology, Boston Children’s Hospital,
Boston, USA

Kamuran Ozlem Uzer
kmrnozIm@gmail.com
ORCID ID: 0000-0002-0299-1253

e Saglik Bilimleri Unjyersitesi Gaziosmanpasa Egitim ve Arastirma Hastanesi adina sahibi / Owned by on behalf of the University of Health Sciences Turkey Gaziosmanpasa Training and
Research Hospital: Omer N. Develioglu ® Sorumlu Yazi Isleri Miidiirli / Editor in Chief: Omer N. Develioglu ® Yayin tiirii / Publication Type: Yerel siireli / Periodical

Galenos Yayinevi Kurucusu ve Sahibi/

Galenos Publishing House Owner and Publisher
Derya Mor

Erkan Mor

Genel Yayin Koordinatdrii/Publication Coordinator

Burak Sever

Web Koordinatorleri/Web Coordinators
Fuat Hocalar

(%)
=
5 e Turgay Akpinar
)= Grafik Departmani/Graphics Department
(o) Ayda Alaca
(w)] Cigdem Birinci
Giilay Saday
9 Giilsah Ozgiil

Finans Koordinatorii/Finance Coordinator
Emre Kurtulmug
Seving Cakmak

Proje Koordinatorleri/Project Coordinators
Aysel Balta

Gamze Aksoy

Giilay Akin

Hatice Sever

Melike Eren

Ozlem Celik Cekil

Pinar Akpinar

Rabia Palazoglu

Stimeyye Karadag

Arastirma&Gelistirme/Research&Development
Nihan Karamanli

Dijital Pazarlama Uzmani/Digital Marketing
Specialist
Umit Topluoglu

Yayinevi iletisim/Publisher Contact

Adres/Address: Molla Giirani Mah. Kacamak Sk. No: 21/1

34093 Istanbul, Tiirkiye

Telefon/Phone: +90 (212) 621 99 25 Faks/Fax: +90 (212) 621 99 27
E-posta/E-mail: info@galenos.com.trfyayin@galenos.com.tr

Web: www.galenos.com.tr

Yayinci Sertifika No: 14521

Online Yayinlanma Tarihi/Online Publishing Date:
Agustos 2022/August 2022

ISSN: 2146-6505 E-ISSN: 2147-1894

Ug ayda bir yayimlanan siireli yayindir.
International scientific journal published quarterly.



LJarem

JOURNAL OF ACADEMIC RESEARCH

IN MEDICINE

Uluslararasi Yayin Kurulu / International Editorial Board

Fisun Akdeniz

Ege Universitesi Emekli Ogretim Uyesi, izmir, Tuirkiye

Retired Assistant Professor of Ege University, izmir, Turkey

ibrahim Ozkan Akinci

istanbul Universitesi-istanbul Tip Fakilltesi, Anesteziyoloji ve Reanimasyon Anabilim Dal, istanbul, Tirkiye
Department of Anesthesiology and Reanimation, istanbul University-Istanbul Faculty of Medicine, istanbul,
Turkey

Esen K. Akpek

Johns Hopkins Universitesi, Wilmer Goz Enstitlisii, Baltimore, ABD

Wilmer Eye Institute, John Hopkins University, Baltimore, USA

Ali Akyiiz

istanbul Universitesi-istanbul Tip Fakiiltesi, Genel Cerrahi Anabilim Dall, Istanbul, Tiirkiye

Department of General Surgery, istanbul University-Istanbul Faculty of Medicine, istanbul, Turkey

A. Cemal Aygrt

Kemerburgaz Universitesi Tip Fakiltesi, Plastik ve Rekonstriktif Anabilim Dali, stanbul, Tiirkiye
Department of Plastic and Reconstructive Surgery, Kemerburgaz University School of Medicine, Istanbul, Turkey
M. Derya Balbay

Kog Universitesi Hastanesi, Uroloji Anabilim Dali, Istanbul, Tiirkiye

Clinic of Urology, Kog University Hospital, Istanbul, Turkey

M.B. Can Balci

Saglik Bilimleri Universitesi Taksim Egitim ve Arastirma Hastanesi, Uroloji Anabilim Dal, Istanbul, Tirkiye
Department of Urology, University of Health Sciences Turkey Taksim Training and Research Hospital,
[stanbul, Turkey

Gokhan Tolga Adas

Saglik Bilimleri Universitesi Bakirkdy Dr. Sadi Konuk Egitim ve Arastirma Hastanesi, Genel Cerrahi Anabilim
Dali, Istanbul, Tiirkiye

Department of General Surgery, University of Health Sciences Turkey, Bakirkdy Dr. Sadi Konuk Training and
Research Hospital, Istanbul, Turkey

Hakan Bingdl

Aksaray Egitim ve Aragtirma Hastanesi, Kardiyovaskiler Cerrahi Klinigi, Aksaray, Turkiye

Clinic of Cardiovascular Surgery, Aksaray Training and Research Hospital, Konya, Turkey

Canan Aykut Bingd|

Yeditepe Universitesi Tip Fakultesi, Noroloji Anabilim Dali, Istanbul, Turkiye

Department of Neurology, Yeditepe University School of Medicine, lstanbul, Tiirkiye

Giinseli Bozdogan

Acibadem Universitesi Tip Fakiltesi, Cocuk Sagligi ve Hastaliklari Anabilim Dali, stanbul, Tiirkiye
Department of Pediatrics, Acibadem University School of Medicine, [stanbul, Turkey

Murat Bozkurt

Kafkas Universitesi Tip Fakiltesi, Kadin Hastaliklari ve Dogum Anabilim Dali, Kars, Ttrkiye

Department of Obstetrics and Gynaecology, Kafkas University School of Medicine, Kars, Turkey

Dursun Bugra

Ozel Amerikan Hastanesi, Genel Cerrahi Klinigi, istanbul, Turkey

Department of General Surgery, Private American Hospital, Istanbul, Turkey

Berk Burgu

Ankara Universitesi Tip Fakiiltesi, Uro\oji Anabilim Dali, Ankara, Tiirkiye

Department of Urology, Ankara University School of Medicine, Ankara, Turkey

Arif Atahan Cagatay

istanbul Universitesi-Istanbul Tip Fakilltesi Hastanesi, Enfeksiyon Hastalklar ve Klinik Mikrobiyoloji
Anabilim Dali, Istanbul, Trkiye

Department of Infectious Diseases and Clinical Microbiology, Istanbul University Medical School Hospital,
Istanbul, Ttirkiye

ilyas Capoglu

Erzincan Universitesi Tip Fakiltesi, ig Hastaliklari Anabilim Dali, Erzincan, Turkiye

Department of Internal Medicine, Erzincan University Faculty of Medicine, Erzincan, Turkey

Fehmi Celebi

Sakarya Universitesi Tip Fakilltesi, Genel Cerrahi Anabilim Dali, Sakarya, Tirkiye

Department of General Surgery, Sakarya University School of Medicine, Sakarya, Turkey

ismail Cepni

istanbul Universitesi-Cerrahpasa, Cerrahpasa Tip Fakiltesi, Kadin Hastaliklan ve Dogum Anabilim Dali,
istanbul, Tiirkiye

Department of Obstetrics and Gynaecology, Istanbul University-Cerrahpasa, Cerrahpasa Faculty of
Medicine, Istanbul, Turkey

Ferda Ciftci

Yeditepe Universitesi Tip Fakiiltesi, Goz Hastaliklan Anabilim Dal, Istanbul, Tiirkiye

Department of Ophthalmology, Yeditepe University School of Medicine, istanbul, Turkey

M. Onur Demirkol

Kog Universitesi, Niikleer Tip ve Molekiiler Gériintiileme Anabilim Dali, Istanbul, Tiirkiye

Clinic of Nuclear Medicine and Molecular Imaging, Kog University, istanbul, Turkey

Ali ihsan Dokucu

Saglik Bilimleri Universitesi Sisli Hamidiye Etfal Egitim ve Arastirma Hastanesi, Cocuk Cerrahisi Anabilim
Dall, Istanbul, Tirkiye

Clinic of Pedliatric Surgery, University of Health Sciences Sisli Hamidiye Etfal Training and Research Hospital,
[stanbul, Turkey

Hayati Durmaz

istanbul Universitesi-istanbul Tip Fakiiltesi, Ortopedi ve Travmatoloji Anabilim Dall, Istanbul, Tirkiye
Department of Orthopedics and Traumatology, Istanbul University-istanbul Faculty of Medicine, Istanbul,
Turkey

Ela Erdem

Marmara Universitesi Pendik Egitim ve Arastirma Hastanesi, Cocuk Goiis Hastaliklar Bilim Dall, Istanbul,
Turkiye

Department of Pediatric Pulmonology, Marmara University Pendik Training and Research Hospital, Istanbul,
Turkey

Vedat Erentug

Saglik Bilimleri Universitesi Bagcilar Egitim ve Arastirma Hastanesi, Kalp ve Damar Cerrahisi Anabilim Dall,
stanbul, Trkiye

Clinic of Cardiovascular Surgery, University of Health Sciences Bagcilar Egitim ve Arastirma Hastanesi,
Istanbul, Turkey

Oktay Ergene

Dokuz Eyliil Universitesi Tip Fakiiltesi, Kardiyoloji Anabilim Dali, izmir, Tiirkiye

Department of Cardiology, Dokuz Eyliil University School of Medicine, izmir, Turkey

Ramon Franco

Massachusetts G6z ve Kulak Hastanesi, Laringoloji Klinigi, Boston, ABD

Department of Laryngology, Massachusetts Eye and Ear Hospital, Boston, USA

Cankon Germiyanoglu

Ondokuz Mayis Universitesi Tip Fakilltesi, Uroloji Anabilim Dali, Samsun, Tiirkiye

Department of Urology, Ondokuz Mays University Faculty of Medicine, Samsun, Turkey

Abdiilaziz Gul

Elazig Ozel Hayat Hastanesi, Cocuk Sagligi ve Hastaliklari Klinigi, Elazig, Turkiye

Department of Pediatrics, Elazig Private Hospital, Elazig, Turkey

H. Canan Hasanoglu

Saglik Bilimleri Universitesi Atattirk Egitim ve Arastirma Hastanesi, G6gtis Hastaliklar Anabilim Dali, Ankara,
Turkiye

Clinic of Chest Diseases, University of Health Sciences Atattirk Training and Research Hospital, Ankara,
Turkey

Hakan ilaslan

Radyoloji Bélimd, Cleveland Klinik, OH, ABD

Department of Radiology, Cleveland Clinic, OH, USA



LJarem

JOURNAL OF ACADEMIC RESEARCH

Ferruh Kemal isman

Medeniyet Universitesi Goztepe Egitim ve Arastirma Hastanesi, Biyokimya Anabilim Dali, istanbul, Tiirkiye
Clinic of Biochemistry, Medeniyet University Goztepe Training and Research Hospital, Istanbul, Turkey
Serdar Kabatag

Saglik Bilimleri Universitesi Gaziosmanpasa Egitim ve Aragtirma Hastanesi, Beyin ve Sinir Cerrahisi Anabilim
Dali, Istanbul, Tiirkiye

Department of Brain and Nerve Surgery, University of Health Sciences Turkey Gaziosmanpasa Training and
Research Hospital, Istanbul, Turkey

Tunaya Kalkan

istanbul Universitesi Emekli Ogretim Uyesi, istanbul, Tiirkiye

Retired Assistant Professor of [stanbul University, stanbul, Turkey

Tolga Kapusuz

Maimonides Tip Merkezi, Anesteziyoloji ve Agr Tedavisi Bolimdi, Brooklyn, NY, ABD

Maimonides Medical Center, Department of Anesthesiology, SUNY Downstate Medical School, Brooklyn,
NY, USA

Ayhan Kilig

Ortopedi ve Travmatoloji Anabilim Dali, Okan Universitesi Tip Fakiiltesi, Istanbul, Tiirkiye

Clinic of Orthopedics and Traumatology, Acibadem Hospital, istanbul, Turkey

Reyhan Diz Kiiglikkaya

Florence Nightingale Hastanesi, Hematoloji ve ¢ Hastaliklar Klinigi, istanbul, Tiirkiye

Clinic of Hematology and Internal Diseases, Florence Nightingale Hospital, Istanbul, Turkey

Metin Kiigiikkaya

Florence Nightingale Hastanesi, Ortopedi ve Travmatoloji Klinigi, Istanbul, Tirkiye

Clinic of Orthopedics and Traumatology, Florence Nightingale Hospital, Istanbul, Turkey

Mehmet Kiilekgi

Saglik Bilimleri Universitesi Gaziosmanpasa Egjitim ve Arastirma Hastanesi, Istanbul, Tiirkiye

Department of Otolaryngology-Head and Neck Surgery, University of Health Sciences Turkey
Gaziosmanpasa Training and Research Hospital, Istanbul, Turkey

Asiye Nuhoglu

Saglik Bilimleri Universitesi Sisli Hamidiye Etfal Egitim ve Aragtirma Hastanesi, Neonatoloji Anabilim Dall,
Istanbul, Turkiye

Clinic of Neonatology, University of Health Sciences §isli Hamidliye Etfal Training and Research Hospital,
Istanbul, Turkey

Baris Nuhoglu

Yeni Yiizyll Universitesi Ozel Gaziosmanpasa Hastanesi, Uroloji Anabilim Dali, istanbul, Tiirkiye

Clinic Urology, Istanbul Yeni Yiizyil University, Gaziosmanpasa Hospital, Istanbul, Turkey

Ayse Emel Onal

istanbul Universitesi-istanbul Tip Fakiiltesi, Halk Saghgi Anabilim Dali, Istanbul, Tiirkiye

Department of Public Health, Istanbul University-fstanbul Faculty of Medicine, [stanbul, Turkey

Perihan Ergin Ozcan

@stanbu\ Universitesi-istanbul Tip Fakilltesi Hastanesi, Anesteziyoloji ve Reanimasyon Anabilim Dal,
Istanbul, Turkiye

Department of Anesthesiology and Reanimation, Istanbul University Medical School Hospital, Istanbul,
Turkey

Birol Ozkan

Saglk Bilimleri Universitesi Kartal Kosuyolu Yiiksek Ihtisas Egitim ve Arastirma Hastanesi, Kardiyoloji
Anabilim Dali, Istanbul, Tiirkiye

Clinic of Cardiology, University of Health Sciences Kartal Kosuyolu Training and Research Hospital, Istanbul, Turkey
Tiirker Ozkan

istanbul Universitesi-istanbul Tip Fakiiltesi, El Cerrahisi Bilim Dali, Istanbul, Tiirkiye

Department of Hand Surgery, Istanbul University-istanbul Faculty of Medicine, stanbul, Turkey

IN MEDICINE

Savag Oztiirk

Saglik Bilimleri Universitesi Haseki Egitim ve Arastirma Hastanesi, Nefroloji Anabilim Dali, Istanbul, Tiirkiye
Department of Nephrology, University of Health Sciences Haseki Training and Research Hospital, Istanbul, Turkey
Cengiz Pata

Yeditepe Universitesi Hastanesi, Gastroenteroloji Klinigj, Istanbul, Tiirkiye

Clinic of Gastroenterology, Yeditepe University Hospital, Istanbul, Tiirkiye

Giirsel Soybir

Memorial Etiler Tip Merkezi, Genel Cerrahi Klinigi, stanbul, Tiirkiye

Clinic of General Surgery, Memorial Etiler Medical Centre, Istanbul, Turkey

H. Soner Tatlidede

Saglik Bilimleri Universitesi Sisli Hamidiye Etfal Egitim ve Arastirma Hastanesi, Plastik Cerrahi Anabilim Dali,
Istanbul, Turkiye

Department of Plastic Surgery, University of Health Sciences §isli Hamidiye Etfal Training and Research
Hospital, Istanbul, Turkey

Aylin Tekes

Johns Hopkins Hastanesi, Pediyatrik Radyoloji Klinigi, Baltimore, ABD

Clinic of Pediatric Radliology, Johns Hopkins Hospital, Baltimore, USA

Serdar Tekgil

Hacettepe Universitesi Tip Fakiiltesi, Uroloji Anabilim Dall, Cocuk Cerrahisi Unitesi, Ankara, Tirkiye
Department of Urology, Pediatric Surgery Unit, Hacettepe University School of Medicine, Ankara, Turkey
Ralph P. Tufano

Johns Hopkins Universitesi, Otolarengoloji-Bas ve Boyun Cerrahisi Anabilim Dali, Baltimore, ABD
Department of Otolaryngology-Head and Neck Surgery, Johns Hopkins Hospital, Baltimore, USA

Ugur Tiire

Yeditepe Universitesi Tip Fakilltesi Hastanesi, Beyin ve Sinir Cerrahisi Anabilim Dall, Istanbul, Tiirkiye
Clinic of Neurosurgery, Yediitepe University School of Medicine Hospital, Istanbul, Turkey

Ulkii Aygen Turkmen

BHT CLINIC TEMA Hastanesi, Anesteziyoloji ve Reanimasyon Anabilim Dali, istanbul, Tiirkiye

Department of Anesthesiology and Reanimation, University of Health Sciences Turkey Gaziosmanpasa
Training and Research Hospital, Istanbul, Turkey

Sinan Uslu

Saglik Bilimleri Universitesi Sisli Hamidiye Etfal Egitim ve Arastirma Hastanesi, Neonataloji Anabilim Dall,
Istanbul, Turkiye

Clinic of Neonatology, University of Health Sciences Sisli Hamidiye Etfal Training and Research Hospital,
Istanbul, Turkey

Nafiye Urganci

Saglik Bilimleri Universitesi $isli Hamidiye Etfal Egitim ve Arastirma Hastanesi, Gocuk Klinigi, Pediyatrik
Gastroenteroloji Anabilim Dal, Istanbul, Turkiye

Clinic of Pediatrics, Pediatric Gastroenterology, University of Health Sciences Sisli Hamidiye Etfal Training
and Research Hospital, Istanbul, Turkey

Ayse Ayca Vitrinel

Yeditepe Universitesi Tip Fakilltesi Hastanesi, Pediatri Anabilim Dali, istanbul, Tiirkiye

Clinic of Pediatrics, Yeditepe University Medical School Hospital, [stanbul, Turkey

Yildiz Yildirmak

Saglik Bi\im\eri.Umversitesi Sisli Hamidiye Etfal EGitim ve Arastirma Hastanesi, Cocuk Saglig ve Hastaliklan
Anabilim Dali, Istanbul, Tiirkiye

Clinic of Pediatrics, University of Health Sciences Sigli Hamidiye Etfal Training and Research Hospital,
Istanbul, Turkey

Orhan Yilmaz

Saglik Bilimleri Universitesi Diskapi Yildinm Beyazit Egitim ve Arastirma Hastanesi, Kulak Burun Bogaz ve
Bag Boyun Cerrahisi Anabilim Dali, Ankara, Tiirkiye

Clinic of Otolaryngology-Head and Neck Surgery, University of Health Sciences Diskapi Yildinm Beyazit
Training and Research Hospital, Ankara, Turkey

Derginin ilk Bas Editérii / Past Editor in Chief of the Journal: Prof. Dr. Baris Nuhoglu

istanbul Yeni Yiizyll Universitesi, Gaziosmanpasa Hastanesi, Uroloji Anabilim Dali Bagkani / ISTANBUL
(Eyliil 2011'de baslayan bas editorlik gérevi mart 2016 tarihinde Omer N Develioglu'na gegmistir)
[stanbul Yeniyiizyil University, Gaziosmanpasa Hospital Head of Department of Urology

(The editor-in-chief duty, which started in September 2011, was transferred to Omer N Develioglu in March 2016)




LJarem

JOURNAL OF ACADEMIC RESEARCH IN MEDICINE

Amac ve Kapsam

Journal of Academic Research in Medicine-JAREM, yayin dili Tiirkge-Ingilizce olan, acik erigimli, bagimsiz ve 6nyargisiz cift-kor hakemlik prosediirlerine
bagli olarak yayin yapan uluslararasi bir dergidir. Dergide deneysel ve klinik tip alanlarinda yapilan arastirmalar, glincel konularla ilgili derlemeler, editére
mektuplar ve tip egitimiyle ilgili yazilar yayinlanir. Dergi, Nisan, Agustos ve Aralik aylarinda olmak Uzere yilda 3 sayi yayinlanmaktadir. Derginin finansmani
Saglik Bilimleri Universitesi Gaziosmanpasa Egitim ve Arastirma Hastanesi tarafindan saglanmaktadir.

JAREM'in hedefi, uluslararasi diizeyde ve glincel konulu arastirmalari yayinlamaktir. Ayrica derlemeler, editéryel yorumlar ve gériintiler de dergide basilir.
Okuyucu ve yazar hedef kitlesi egitimciler, akademisyenler, aragtirmacilar, uzmanlar ve pratisyenler olan derginin tiim yayin siirecleri ve prosedurleri ICMJE,
WAME ve COPE standartlar cercevesinde yriitilmektedir. JAREM, Web of Science-Emerging Sources Citation Index, TUBITAK ULAKBIM TR Dizin,
EBSCO, Index Copernicus, Gale, CINAHL, J Gate, Tiirk Medline ve CAB International (CABI) tarafindan dizinlenmektedir.

Abonelik / izinler / Reklam

Dergide basilan yazilarin tam metinlerine www.jarem.org adresinden Ucretsiz olarak erisilebilir. Basili nlishaya abone olmak isteyenler; telif haklanyla ilgili
izinler ve ilanlar icin Editor ofisine mracaat edilmelidir.

Editor Ofisi

Editor: Omer N. Develioglu

Adres: Saglik Bilimleri Universitesi Gaziosmanpasa Egitim ve Arastirma Hastanesi Kulak Burun Bogaz Hastaliklari Anabilim Dali, Gaziosmanpasa-istanbul
Telefon: +90 212 252 43 00

E-posta: omernd@yahoo.com

Yayinci

Galenos Yayinevi

Molla Giirani Mah. Kacamak Sk. No: 21/1 34093 istanbul, Tiirkiye
Telefon 1490 (212) 621 99 25 Faks: +90 (212) 621 99 27
E-posta : info@galenos.com.tr/yayin@galenos.com.tr

Web : www.galenos.com.tr

Yazarlara Bilgi
Yazarlara Bilgi sayfasina derginin basili versiyonundan ve www.jarem.org internet sayfasindan ulasilabilir.
igerik Sorumluluk Reddi

JAREM'de yayinlanan igerikler yazar(lar)a aittir. Saglik Bilimleri Universitesi Gaziosmanpasa Egitim ve Arastirma Hastanesi, dergi editorleri, calisanlari ve
yayinci bu yazilar icin mali, hukuki ve diger yonlerden sorumluluk kabul etmemektedir.

Dergi asitsiz kagida basiimaktadir.

OPEN ACCESS




LJarem

JOURNAL OF ACADEMIC RESEARCH IN MEDICINE

Aims and Scope

Journal of Academic Research in Medicine (JAREM) is an open access international journal published in both Turkish and English and complies with
independent and unbiased double-blind reviewing procedures. The journal publishes research in the fields of experimental and clinical medicine, reviews
on recent topics, letters to the editor, and other manuscripts on medical education. The journal is published three times per year; in April, August, and
December. The journal is funded by University of Health Sciences Turkey Gaziosmanpasa Training and Research Hospital.

The aim of JAREM s to publish research on recent topics at an international level. Moreover, reviews, editor's note and images are also published in
the journal. The target audience of readers and authors is composed of educators, academics, researchers, specialists and general practitioners, and all
publication process and procedures comply with the standards of ICMJE, WAME and COPE. JAREM is indexed in Web of Science-Emerging Sources
Citation Index, TUBITAK ULAKBIM TR Index, EBSCO, Index Copernicus, Gale, CINAHL, J Gate, Tirk Medline and CAB International (CABI).

Subscription / Permissions / Advertisement

Free full-text copies of the printed manuscripts are available online at jarem.org. For subscription to the printed copy, applications for copyright
permissions and announcements should be made to Editorial office.

Editorial Office

Editor: Omer N. Develioglu

Address: Clinic of Otolaryngology, University of Health Sciences Turkey Gaziosmanpasa Training and Research Hospital, Gaziosmanpasa-istanbul
Phone: +90 (212) 252 43 00

E-mail: omernd@yahoo.com

Publisher

Galenos Yayinevi

Address : Molla Giirani Mah. Kagamak Sk. No: 21/1 34093 Istanbul, Tirkiye

Phone  :+90(212) 62199 25 Fax: +90 (212) 621 99 27

E-mail  :info@galenos.com.tr/yayin@galenos.com.tr

Web - www.galenos.com.tr

Instructions for Authors

Instructions for Authors page is available in the printed version or can be accessed at www.jarem.org.

Material Disclaimer

Published content of JAREM is in authors' own responsibility. University of Health Sciences Turkey Gaziosmanpasa Training and Research Hospital, editors,
employees and the publisher do not accept any financial, legal or any other liability for the published material.The journal is printed on acid-free paper.

OPEN ACCESS




LJarem

JOURNAL OF ACADEMIC RESEARCH IN MEDICINE

Yazarlara Bilgi

Journal of Academic Research in Medicine-JAREM, cift-kor hakemli, acik erisimli bir
dergi olarak, tip alaninda yapilan deneysel, temel, 6zgiin klinik calismalari; mezuniyet
sonrasi egitim, tip tarihi, yayin ve arastirma etigiyle ilgili yazilan yayinlar. Editérlerin
yazi seciminde temel unsur olarak dikkate alacagi hakemler, yurt ici ve yurtdilinda
konusunda uzman olan dig bagimsiz kisilerden secilir. Dergi, Nisan, Agustos ve Aralik
aylarinda olmak Uzere yilda 3 sayi yayinlanmaktadir.

Deneysel, klinik ve ilag aragtirmalari icin ilgili uluslararasi anlasmalara uygun etik
komisyon raporu gerekmektedir. (Helsinki Declaration of 1975, revised 2008-http://
www.wma.net/en/30publications/10policies/b3/index.html, “Guide for the care and
use of laboratory animals - www.nap.edu/catalog/5140.html)

Tiim yazarlar bilimsel katki ve oranlarini ve ilgili sorumluluklarini; ayrica ¢ikar catismasi
olmadigini bildiren toplu imzalan ile yayina katilmalidirlar. Aragtirmalara kismi de olsa
yapilan nakdiya da ayni yardimlarin hangi kurum, kurulus, ilac-gereg firmalarinca yapildigs
dip not olarak bildirilmelidir. ICMJE Potansiyel Cikar Catismalan Bildirim Formu)

Makalelerin formati ICMJE-Recommendations for the Conduct, Reporting, Editing
and Publication of Scholarly Work in Medical Journals (updated in December 2018 -
http://www.icmje.org/icmje-recommendations.pdf) kurallarina gére diizenlenmelidir.

Orijinal Arastirmalar ve Derlemeler'in sunumu calisma bildirimi kilavuzlarina gére
dizenlenmelidir: randomize calismalar icin CONSORT, gézlemsel calismalar icin
STROBE, tanisal degerli calismalar icin STARD, sistematik derleme ve meta-analizler
icin PRISMA, hayvan deneyli calismalar icin ARRIVE, randomize olmayan davranis ve
halk sagligina midahale ¢alismalarr icin TREND.

Orijinal Arastirma icin genel etik kurallar ergevesinde yayinin yapildigi kurumun
yetkililerinin hazirladigr etik kurul onayi ya da esdegeri bir kabul yazisinin sunulmas
sarttir. Yazilardaki diistince ve dneriler tiimyle yazarlarin sorumlulugunda olup, Editér
ve yardimcilarin kanaatlerini yansitmaz.

Dergide basilmasi amaciyla génderilen yazilar baska yerde yayinlanmamis olmalidir.
Daha énce bilimsel toplantilarda sunulan 200 kelimeyi gecmeyen 6zet yayinlar,
durumu agiklanmak kosulu ile kabul edilebilir.

Islemleri yiiriitillip karar asamasina yaklasmis olan yazilarin, makul bir neden olmadan
geri gekilme talebi “ret” kapsamina girmektedir. Yayina kabul edilen yazilar igin birinci
yazar, Turkce ve Ingilizce agisindan oldugu gibi, metinde temel degisiklik yapmamak
kaydi ile diizeltmelerin Editérlerce yapilmasini kabul etmis sayilir.

Yazilarin dergide yayinlanmak Uzere kabul edilmesi icin; atif alabilme olasilig, orijinal
ve bilimsel akademik tst diizeyde olmasi 6n kosuldur.

Genel Kurallar

Yazilar sadece derginin gevrimici makale kabul sistemi www.jarem.org (izerinden
gonderilebilir. Yayina kabul edilmeyen yazilar, sanatsal resimler diginda geriye
gonderilmez. Tim yazilar, Editér bagta olmak tzere, Editdr danismani ve yardimeilar,
istatistik danismanlari ve en az iki hakem tarafindan incelenir. Yazi konusunun en 6nde
gelen otérli olan, fakat calismanin diginda olup yazarlarla ve kurumlari ile iligkisi-
bilgisi olmayan Ug kisinin ilk yazar tarafindan hakem olarak énerilmesi dergi igin ¢ok
énemlidir.

Editdr, hakemlere yaziyi gdndermeden énce asagida bildirilen bigimsel kurallara
uygunlugunu  aragtinr. Dlzeltmeler orijinal metinde degil, dizeltiimesi istenen
bélumlerle kisith olmalidir. Yazilar gdnderilmeden nce yazim ve ¢izim hatalarindan
tam olarak arindiriimalidir.

Yazim Kurallarina uygun hazirlanmayan makaleler degerlendirmeye alinmayacaktr.
Arastirma Yazilari

1. Ozgiin Arastirmalar: Yazinin tamami 5000 kelimeyi gecmemeli ve yalnizca icerigi
anlamak icin gerekli olan sayi ve igerikte tablo ve grafik destegi olmalidir. Kaynaklarin

50'den az olmasi inandiricilik icin genelde yeterlidir. Ozgin Arastirma yazilarinin yazar
sayisi 5 ile siirlandinlmistir. Istisnai durumlarda bu sayr artirilabilir ancak sorumlu
yazar tarafindan gerekgesi dergiye gonderilmelidir.

1.1 Kapak sayfasi: Birinci sayfadir ve ayn MS Word dosyasi olarak dizenlenir.
Yazarlarin tam ve acik isimleri, son aldiklan akademik unvanlar ile 50 karakteri
gecmeyecek sekilde yazinin basligi yazilir. Yazarlarin ilgili olduklari kurum, boliim ve
sehir sira ile bildirilmelidir. Birden fazla yerde yapilan calismalar sembollerle agiklanir.
Bu sayfanin altina yazismaya yetkili ve diizeltmeleri yapacak yazarin acik adi, posta ve
e-posta adresi, telefon ve faks numaralan yazilir. Ayrica calisma bilimsel toplantida
énceden bildirilen kosullarda teblig edildi ya da ozeti yayinlandi ise agiklamasi yapilir.

1.2 Orijinal arastirma makalesi icin boliimlii 6zet: Ozetler 250 kelimeyi asmayacak
sekilde calismanin amacini, tipini, calismadaki ana bulgularn ve kisaca calismanin
sonucunu icermelidir.

Ozetler; Amac, Yontemler, Bulgular, Sonuc seklinde alt basliklarla diizenlenmelidir.

NLM MESH terimleri ile uyumlu en az, en fazla 6 tane anahtar kelime bélimli 6zetin
altinda verilmelidir (http://www.nlm.nih.gov./mesh/MBrowser.html).

1.3 Metin: Makale Bashg, Giris, Yontemler (alt baslikl), Bulgular, Tartisma, Calisma
kisittamalari ile Sonuglar ve Kaynaklar kisimlarini icermelidir. Metnin &zellikle
yontemler, bulgular ve tartisma kisminin alt bagliklara bélinmesi yararli olabilir.
Metin toplam 5000 kelimeyi ge¢gmemeli ve Times New Roman yazim sitili ile 12
puntoda yazilmalidir. En son bélime tesekkir yazilacak ise, ciddi bilimsel katki
disinda aragtirmanin ylritdimesine onemli katkida bulunanlarla, yazinin son seklinin
verilmesine yardim edenler yazilir. Bu bilginin e-posta ile génderilmesi gerekir veya
ayr MS Word dosyasinda “Tesekkiir Notu" olarak sisteme yiklenir.

1.4 Istatistiksel Analiz: Tibbi dergilerdeki istatistik verilerini bildirme kurallarina gore
yapilmalidir (Altman DG, Gore SM, Gardner MJ, Pocock SJ. Statistical guidelines
for contributors to medical journals. Br Med J 1983: 7; 1489-93). Istatistiksel analiz
icin kullanilan yazilim tanimlanmalidir. Sirekli degiskenlerin kargilastinimasinda
parametrik testler kullanildigi zaman verilerin ortalamastandart sapma olarak
bildirilmesi gerekir. Parametrik olmayan testler icin de Medyan (Minimum-Maksimum)
veya Medyan (25'inci ve 75'inci persantiller) degerleri olarak bildirilmesi gerekir. lleri
ve karmasik istatistiksel analizlerde, géreceli risk (RR, relative risk), olasilik (OR, odds
ratio) ve tehlike (HR, hazard ratio) oranlan gliven araliklar (confidence intervals) ve p
degerleriile desteklenmelidir.

1.5 Kaynaklar: Metin icinde gegis sirasina gére numaralandirilir ve ayn sayfada yazilir.
Kisisel bilgi, yayinlanmams veriler, “baskida gibi” ulasilamayan kaynaklar burada
degil, metin icinde parantez ile sunulur. ki yildan eski 6zetler kaynakcaya alinmaz;
alinanlar parantezde (abstr) seklinde verilir. Kaynaklarin gergekliginden yazarlar
sorumludur. Atif yapilirken en son ve en glincel yayinlar tercih edilmelidir. Yazarlar 10
yildan eski yayinlara atif yapmamaya 6zen géstermelidir. Dergimizde eski kaynaklarin
kullanimi %15 ile sinirli tutulmaktadir.

Dergiler

Dergi isimlerinin kisaltmalari Index Medicus/Medline/PubMed listesine gére yapilir
(dergilerin kisaltmalan icin NLM tarafindan her yil yayinlanan MEDLINE dergilerin
listesine http://www.nlm.nih.gov/tsd/serials/lji.html adresinden ulagilabilir). Alti ve
daha yazarli makalelerde tim isimler yazilir. Yedi ve fazla yazarli olanlarda ilk alti isim
yazilir ve "et al.” ilave edilir. Yazar isimlerinden sonra, o yazinin tam bashg, yil, cilt ve
sahifeler siralanr.

Ornek: Miller C, Biittner HJ, Petersen J, Roskomun H. A randomized comparison
of clopidogrel and aspirin versus ticlopidine and aspirin after the placement of
coronary-artery stents. Circulation 2000; 101: 590-3.




LJarem

JOURNAL OF ACADEMIC RESEARCH IN MEDICINE

Yazarlara Bilgi

Kitaplar

Kitap icinde bélim: Sherry S. Detection of thrombi. In: Strauss HE, Pitt B, James AE,
editors. Cardiovascular Medicine. 2nd ed. St Louis: Mosby; 1974. p.273-85.

Tek yazarli kitap: Cohn PF. Silent myocardial ischemia and infarction. 3rd ed. New
York: Marcel Dekker; 1993.

Yazar olarak Editér (ler): Norman IJ, Redfern SJ, editors. Mental health care for elderly
people. New York: Churchill Livingstone; 1996.

Toplantida sunulan makale: Bengisson S. Sothemin BG. Enforcement of data
protection, privacy and security in medical informatics. In: Lun KC, Degoulet P,
Piemme TE, Rienhoff O, editors. MEDINFO 92. Proceedings of the 7th World
Congress on Medical Informatics; 1992 Sept 6-10; Geneva, Switzerland. Amsterdam:
North-Holland; 1992. P. 1561-5.

Bilimsel veya teknik rapor: Smith P. Golladay K. Payment for durable medical
equipment billed during skilled nursing facility stays. Final report. Dallas (TX) Dept.
of Health and Human Services (US). Office of Evaluation and Inspections: 1994 Oct.
Report No: HHSIGOE 169200860.

Tez: Kaplan SI. Post-hospital home health care: the elderly access and utilization
(dissertation). St. Louis (MO): Washington Univ. 1995.

Elektronik formatta makale

Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis (serial
online) 1995 Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Available from: URL: http:/
www.cdc.gov/ncidodIEID/cid.htm.

1.6 Sekiller, Tablolar ve Resimler: Sekil ve resimler, hasta, doktor ve kurum isimleri
gbzlkmeyecek sekilde hazirlanmalidir. Metinden ayni olarak, metin icinde gecis
sirasina gore numaralandinilarak verilir. Baslik ve altyazilar ayri bir sayfada sunulur.
Grafiklerde yeteri kalinlikta ¢izgi kullanilir. Béylece gerekli kiigiiltmelerde kayiplar
en aza iner. Genislikler en fazla 9 ya da 18 cm. olmalidir. Cizimlerin profesyonellerce
yapilmasi faydali olacaktir. Gri renkler kullanilmamalidir. Kullanilan kisaltmalar alt
kisimda alfabetik sira ile mutlaka aciklanmalidir. Tablo ve Sekil bagliklarinda ve
tablonun yazi icinde anilmasinda Roma rakamlari kullanilimamalidir. Metin, Tablo ve
Sekillerde kullanilan ondalik sayilar Tiirkce metinlerde virgiil Ingilizce metinlerde ise
nokta ile ayrilmalidir. Ozellikle tablolar metni agiklayici ve kolay anlasilir hale getirmek
amacl ile hazirlanmali ve metnin tekrari olmamalidir.

Video Gériintiiler

Ozgiin Goriintiiler'de yer alan resimlere ek olarak video/hareketli gbriintiiler ve
ekstra imaj/statik gorintiler asagidaki teknik 6zelliklerde gonderildigi takdirde web
sayfamizda yayinlanacaktrr.

1. Imaj/statik gériintii formatinda sunumlar: JPG, GIF, TIFF, BMP
2. Video/hareketli gérinti formatinda sunumlar: MPEG, VMF.
3. Dosya boyutu maksimum 2 MB olmalidir.

4. Resimlerde ve ozellikle video gorintilerinde doktor, kurum, sehir ve hasta
tanimlamalari timdi ile silinerek gnderilmelidir.

Makalenizde yer alan tablolar, sekiller ve resimler icin orijinal olduklan ayrica
bildirilmelidir. Orijinali disinda ve baska kaynaktan alindiklarinda mutlaka alinan
kaynaga atifta bulunmali ve alinan kaynagin "hardcopy” veya elektronik formatta
versiyonlar Telif Hakki sahibinden (yayinevi, dergi veya yazar) alinan izinler ile birlikte
Bas Editor ofisine sunulmalidir. Kaynaklar, sekiller ve tablolar ile ilgili kurallar tim
makale tirleri icin gecerlidir.

Ozel Béliimler

2. Davetli Derlemeler: Editor ofisinin karariyla davetli yazarlar tarafindan hazirlanabilir.
Bir bilgi ya da konunun klinikte kullanilmasi i¢in son vardigi diizeyi anlatan, tartisan,
degerlendiren ve ileride yapilacak calismalara yon belirleyen dizeyde olmalidir.
Yazarinin konusunda otér olmasi ve atifta bulunulmus yazilarinin olmasi gerekir.

Boliimsiiz 6zet: Arastirma makalelerindeki kelime sayilari burada da gegerlidir, sadece
bolimli olmayacaktir. NLM MESH terimleri (http://www.nlm.nih.gov./mesh/MBrowser.
html adresinde bulunabilir) ile uyumlu en az , en fazla 6 tane anahtar kelime bolimli
6zetin altinda verilmelidir. Kelime sayisi 5000, kaynak sayisi 50 ile sinirlidir.

3. Editdryel Yorum: Dergide cikan bir arastirmanin o konunun otérli veya iyi
degerlendirme yapan hakem tarafindan kisaca degerlendirilmesi amaci gtider.
Sonunda; klinik anlam ve kisa 6zet bulunur.

4. Bilimsel Mektup: Yeni bilimsel bulus ve verileri duyurmayi amaclayan, klinik
acidan 6nemli ancak on bildiri niteliginde olan yazilar bilimsel mektup olarak yayina
kabul edilir. Bilimsel mektuplar icerik olarak alt basliksiz olup toplam 900 kelimeyi
agsmamalidirlar. Kaynak sayisi 10, tablo ve resim sayisi ise 2 ile sinirli olmalidir.

4. Editore Mektuplar: Derginin temel yayin amaclarindan birini olusturmaktadir.
Yayinlanan bir yazinin énemini, gozden kagan bir yapisini ya da noksanini tartigir.
Yazarlar, yayinlanan makaleler hakkinda yorum iceren mektuplar disinda da
okurlarimizin ilgi alanlanina giren konular veya ozellikle egitici vakalar hakkinda da
Editére Mektup formatinda yorumlarini sunabilirler. Kaynak sayisi 5, metin ise 500
kelimeyi gegmemelidir, alt bagliklar bulunmaz.

6. Egitim: Son yillarda arastirma sonuglari ile kesinlesen, akademik dlizeydeki
egitimde yerini alan ve klinik uygulamada yer bulan bilgiler ayrintilari ile sunulur.

Béliimsiiz 6zet: Arastirma makalelerindeki kelime sayilar burada da gecerlidir, sadece
bolimli olmayacaktir. NLM MESH terimleri (http://www.nlm.nih.gov./mesh/MBrowser.
html adresinde bulunabilir) ile uyumlu en az , en fazla 6 tane anahtar kelime bélimli
dzetin altinda verilmelidir. Kelime sayisi 5000, kaynak sayisi 50 ile sinirlidir.

7. Ozgiin Gériintii: Klinik bilime dayali 5nemli bulgulari yansitan, hastaliklarin temel
mekanizmalarina isik tutan, anormallikleri vurgulayan veya yeni tedavi yontemlerini
aydinlatan carpici ve nadir gériintiiler yayina kabul edilir. Video gorintlst olanlarin
basilma sansi yliksektir. Baghgi ile beraber tanimlayici metin ve resim alt yazlan
(kaynaksiz) toplam 250 kelimeyi gegmemelidir.

8. Tarihten Notlar: Turkiye icin ozellikle tip tarihindeki Gnemli olaylari aciklayan,
hastaliklarin tani ve tedavisinin tarihi ile ilgili yeni bilgileri ortaya cikaran makalelerdir.
Yeni tarihsel bulgular konu ile ilgili uygun arastirma calismalarinin sonucu olmalidir.
Tarihten notlarin icerigi altbasliksiz olmalidir ve metin 900 kelime kaynak sayisi ise 10
ile sinirhdr.

9. Yayin Etigi: Derginin bu béliminde yayin etigi ile ilgili akttel bilgi ve yorumlara
yer veren makaleler ve etik ihlali vakalari yayinlanir. Metin 900 kelime, kaynak sayisi
ise 10 ile sinirlidir.
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Instructions to Authors

IN MEDICINE

Journal of Academic Research in Medicine (JAREM), as an open access journal with double-
blind reviewing process, publishes experimental, basic and original researches conducted in
the field of medical sciences; post-graduate training reports, and articles on history of medicine,
and publication and research ethics. Reviewers whom opinions are of priority in the decision of
approval are selected by the editors among independent local and international individuals that
have specialized on their respective fields. The journal is published three times per year; in April,
August and December.

An approval of research protocols by an ethical committee in accordance with
international agreements (Helsinki Declaration of 1975, revised 2008-http://www.wma.net/
en/30publications/10policies/b3/index.html, “Guide for the care and use of laboratory animals -
www.nap.edu/catalog/5140.html) is required for experimental, clinical and drug studies.

All submissions must be accompanied by a signed statement of scientific contributions and
responsibilities of all authors and a statement declaring the absence of conflict of interests.
Any institution, organization, pharmaceutical or medical company providing any financial or
material support, in whole or in part, must be disclosed in a footnote (ICMJE Disclosure Form
for Potential Conflict of Interest(s)).

Manuscript format must comply with the ICMJE-Recommendations for the Conduct, Reporting,
Editing and Publication of Scholarly Work in Medical Journals (updated in December 2018 -
http://www.icmje.org/icmje-recommendations. pdf).

The presentation of Original Researches and Reviews must be designed in accordance with
trial reporting guidelines: randomized study-CONSORT, observational study-STROBE, study on
diagnostic accuracy-STARD, systematic reviews and meta-analysis PRISMA, animal experimental
studies-ARRIVE, nonrandomized behavioural and public health intervention studies-TREND.

An approval of ethic committee or an equivalent acceptance letter prepared by the officials of
the institution in accordance with general ethics is mandatory for Original Research. The concept
and suggestions presented in the manuscript are the sole responsibility of the authors and do
not reflect the opinions of Editor and his/her associates.

Manuscripts sent for publication must not have been previously published elsewhere. Abstracts
that have been previously presented in scientific congresses and not exceeding 200 words can
be accepted providing the explanation of the condition.

Withdrawal requests without a reasonable cause for papers approaching decision process are
"rejected”. First author of the manuscripts accepted for publication agrees that corrections both
in English and Turkish versions are to be made by the Editors on condition that this will not cause
a major change in the document.

Citation potential, being original and having high scientific and academic value are prerequisite
for the acceptance of manuscripts for publication.

General Terms

Manuscripts can only be submitted through online manuscript submission system at www.
jarem.org. Rejected manuscripts are not returned to authors except artistic pictures. All papers
are reviewed by Editor being in the first place, Editor Consultant and associates, statistical
consultants and by at least two reviewers. It is particularly important for the journal that first
author suggests three individuals as reviewers who are reputable on the subject and who are not
related to and unaware of the authors and their institutions.

Editor decides whether the paper conforms to the style stated below before sending the
manuscript to the reviewers. Corrections must not be made on original text and must be
restricted with the sections requested for revision. Any spelling or drawing errors must be
corrected before sending the manuscript to the reviewers.

Avrticles not conforming to the instructions will not be taken into consideration.
Research Articles

1. Original Research: Full text of the paper should not exceed 5000 words and should include
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ABSTRACT

Objective: The most common oncologic disease in men is prostate cancer. There have been studies for alternative methods for early screening. Over
the past years, the interest in sarcosine as a potential marker for prostate cancer has increased. We evaluated the predictability of prostate biopsy
necessity by using urine sarcosine for prostate cancer examination during our study.

Methods: The study included 84 male patients aged between 45 and 79 in our hospital between 15.12.2013 and 15.03.2014. After the primary
evaluation, standard 12 cores transrectal ultrasonography prostate biopsy was performed by the clinician to the appropriate patients with total
prostate specific antigen (PSA) values ranging between 2.5-10 ng/mL. A sarcosine measurement with colorimetric and fluorometric principles was
performed on patients’ urine samples taken before the prostate biopsy, following the prostate massage.

Results: Statistically significant negative correlation in malignant group and positive correlation in benign group were found between percentage
change in PSA values and fluorometric sarcosine measurements (r=-0.418; p=0.042; p<0.05 / r=0.318; p=0.013; p<0.05 respectively).

Conclusion: The correlation between percentage change in PSA values and fluorometric sarcosine measurements can be used in patients with a grey
zone PSA (such as PI-RADS 2-3 and low level PSA patients) in order to avoid unnecessary biopsies.

Keywords: Prostate cancer, prostate biopsy, sarcosine, urine, biomarker, prostate cancer screening
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Amacg: Prostat kanseri erkeklerde en sik gorilen onkolojik hastaliktir. Erken taramanin éneminden dolayi klasik taramalar disinda alternatif belirtecler
aranmaktadir. Son yillarda prostat kanserinde potansiyel marker olarak sarkozine artmis ilgi mevcuttur. Biz calismamizda idrar sarkozininin prostat
kanseri arastirnlmasinda prostat biyopsisi gereksinimini dngérebilirligini degerlendirdik.

Yéntemler: Calisma 15.12.2013 ve 15.03.2014 tarihleri arasinda hastanemizde yaslari 45 ile 79 yil arasinda degismekte olup, ortalamasi 60,49+6,81 olan
toplam 84 erkek olgu ile yapilmistir. Birincil degerlendirme sonucunda ¢alisma igin uygun bulunan hastalara [prostat spesifik antijen (PSA) degerleri
2,5-10 ng/mL] hekim tarafindan standart 12 kor transrektal ultrasonografi eslinde prostat biyopsisi uygulanmistir. Hastalardan prostat biyopsisi hemen
Sncesinde prostat masajini takiben alinan idrarlarda kolorimetrik ve florometrik prensiplerle sarkozin &l¢iimi yapildi.

Bulgular: PSA degerlerindeki ylizde degisim ile florometrik sarkozin lgtimleri arasinda malign grupta istatistiksel olarak anlamli negatif korelasyon ve
benign grupta pozitif korelasyon bulundu (r=-0.418, p=0.042, p<0.05 / r=0.318, p=0.013, p<0.05 sirasiyla).
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Urine Sarcosine in Prostate Cancer

Sonug: Gereksiz biyopsilerden kaginmak icin gri bolge PSA'li hastalarda (PI-RADS 2-3 ve disik seviye PSAsi olan hastalar gibi) PSA degerlerindeki
ylzde degisim ile florometrik sarkozin dlctimleri arasindaki korelasyon kullanilabilir.

Anahtar kelimeler: Prostat kanseri, prostat biyopsisi, sarkozin, idrar, biyobelirteg, prostat kanseri taramasi

INTRODUCTION

Although the normal total prostate specific antigen (PSA) rate
according to the EAU guidelines is still a subject to clarify, the
guidelines suggest that the normal levels for young men are <2-3
ng/mL and 10 ng/mL total PSA level is set for the prognostic
categorization of prostate carcinoma. Remarkably, it is still
not clarified at what age the early screening should be started
and between what levels the total PSA should be. However, it's
recommended that the total PSA level be checked after the age
of 40, and the screening is unnecessary after the age of 70 (1).
In clinical practice, management of patients with total PSA level
ranging between 2.5-10 ng/mL differs. Although some clinics
recommend a transrectal ultrasonographic biopsy (TRUS-biopsy)
directly, some clinics postpone the decision and examine a new
total PSA level after antibiotic treatment (2).

Among those patients who have undergone a TRUS-biopsy,
some of the patients have benign results. Prostate biopsies are
found to be painful and stressful for many patients. Many patients
refuse the procedure. The group of patients with benign results
are exposed to unnecessary invasive manipulation because of the
failure of total PSA in the prediction of cancer. On the other hand,
some of the patients who refuse the procedure are advantageous
because of being exempt from unnecessary biopsies while
some of them are disadvantageous because of unawareness of
their malignancy. Setting off on a quest for finding an adequate
solution to this problem is important. We believe that urologists
should provide comfort to the patients while diagnosing with the
correct indication and avoiding missing malignant cases among
this group. In recent years, the number of studies about prostate
cancer screening, diagnosis, and the prediction of progression
with the levels of a molecule called sarcosine in urine and serum
is increasing (3-8). In our research, we aimed to identify if the
sarcosine level in urine would be beneficial in the decision of
TRUS-biopsy in patients with PSA level ranging between 2.5-10
ng/mL.

METHODS

The population of the study consisted of male patients who were
admitted to Taksim Training and Research Hospital Urology
Clinic. This study was a prospective, analytical study aiming to
determine the ability of urine sarcosine levels of patients with
total PSA level of 2.5-10 ng/mL in the prediction of prostate
biopsy necessity. Study was performed between 15.12.2013-
15.03.2014 after the Taksim Training and Research Hospital
Clinical Research Ethics Committee approval (decision no: 29,
date: 04.12.2013). Male patients between the ages of 40 and
79 were included in the study. All patients gave their informed

consent for participation. The exclusion criteria were as follows;
previous malignancy diagnosis, lower urinary tract surgery in
last six months, the presence of active urinary tract infection,
symptoms of abnormal digital rectal examination (frozen pelvis,
rectal malignancy, etc.), lack of the sarcosine dehydrogenase
enzyme, and the presence of sarcosinemia disease. Total PSA (in
the first application and one month after the initial application
on the day of the biopsy), free PSA, urine examination,
uroflowmetry, International Prostate Symptom score, complete
blood count, urine sarcosine level, ultrasonography (USG)
measurements (prostate volume, residue urine after urinate)
were examined. The data were recorded with the patient study
registration form. As a result of the primary evaluation, standard
12 cores transrectal USG (TOSHIBA Aplio300) prostate biopsy
was performed by the same clinician on the appropriate
patients. After differentiating the patients according to the
prostate biopsy reports as benign-malignant, the data were
evaluated. Statistical comparison was performed concerning
patients’ other parameters, demographic features, and urine
sarcosine levels during the diagnostic process.

Sarcosine Determination

Following the prostate massage before biopsy (after providing
enough prostate fluid to pass to urine), the urine samples of
patients were kept in -40 °C until the study day. The urine samples
were melted in room temperature on study day and centrifuged
for 10 minutes in 2000 g. The supernatant was separated.

Sarcosine kit (Sarcosine Assay Kit, Abcam, ab65338) was kept in
-20 °C for two months until the study day (Table 1).

The sarcosine tampons and probes of the kit were ready to use.
The sarcosine Enzyme Mix was melted in 220 ul sarcosine tampon
with the help of an automatic pipette. Sarcosine standard was
mixed with 100 pl distillate water, and 100 nmol/pl sarcosine
standard was acquired. Sarcosine enzyme kit and standard were
aliquoted and prepared to be examined. According to the test
method, 46 pl sarcosine tampon, 2 pl sarcosine enzyme, and 2 pl
probe were required to be added to each well; a reaction mix pool
was created after the calculations of the tampon, enzyme, and
probe number necessary for both the control and patient groups
and mixed slowly with confounder.

As 10 pl of ready sarcosine standard was mixed with 990 pl sarcosine
tampon, 1 nmol/pl standard study solution was prepared. After
that, to prepare a standard curve, the standard study solution
was pipetted in 0, 2, 4, 6, 8 pl 5 sequenced well, and each well’s
volume was completed to 50 pl. Also, 1 and 6 pl control samples
were prepared with sarcosine standard and completed to 50 pl
after pipetting in 2 different wells. After the enumeration of 84
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patients’ urine samples between 1 and 84, samples were pipetted
to 50 pl wells in order. For each well, 50 pl reaction mix was added,
and the wells plate was mixed with confounder. After incubation
for 1 hour in 37 °C, EX/Em=544/590 nm fluorometric and 540 nm
colorimetric was read. Concentration unit was determined as
nmol/ul or millimolar.

Study was performed with 84 male patients aged between 45-79
with a mean of 60.49+6.81 years between 15.12.2013-15.03.2014
dates in the Urology Clinic of Taksim Training and Research
Hospital.

Statistical Analysis

The Number Cruncher Statistical System Statistical Software (Utah,
USA) program was used for statistical analysis. While evaluating
the study data, quantitative variables were shown with mean,
standard deviation, median, minimum and maximum values,
and qualitative variables were shown with descriptive statistical
methods such as frequency and percentage. Shapiro-Wilks test
and Box Plot charts were used to evaluate the conformity of the
data to the normal distribution. Mann-Whitney U test for the
evaluation of non-normally distributed variables according to two
independent groups; Wilcoxon Signed-Rank test was used in the
evaluation of dependent groups according to their follow-up.
Fisher's Exact test was used for the comparison of the qualitative
data. Spearman’s correlation analysis was used for the evaluation
of the relationships between the pre-biopsy PSA parameters
and PSA parameters on the day of the biopsy in colorimetric
and fluorometric sarcosine measurements. The significance was
evaluated at the levels of p<0.05.

RESULTS

Pathology results were benign in 71.4% (n=60), while they were
malignant in 28.6% (n=24) of the patients. Gleason score was
observed to be 6 in 79.2% (n=19), while it was 7 in 20.8% (n=5)

Sarcosine tamp 25 mL
Sarcosine prob (DMSO, anhidrosis) 0.2 mL
Sarcosine enzyme mix (lyophilised) 1 vial
Sarcosine standard (10 pmol, lyophilized) 1 vial
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of the malignant patients. Prostatitis was present in 63.1% (n=53)
while it was not observed in 36.9% (n=31) of the patients.

Pre-biopsy PSA values of the patients ranged between 2.57 ng/
mL and 9.89 ng/mL and mean was 5.85+1.97 ng/mL; PSA values
on the day of the biopsy ranged between 0.84 ng/mL and 13.31
ng/mL and mean was 5.73+2.23 ng/mL. Percentage change in
PSA values ranged between -90.7 ng/mL and 50.57 ng/mL and
mean was -0.86+21.94 ng/mL.

While colorimetric sarcosine measurements ranged between
0 and 1.21, and the mean value was 0.44+0.24; fluorometric
sarcosine measurements ranged between 0 and 1.3, and the
mean was 0.36+0.27.

Prostate volume ranged between 15 ccs and 160 ccs, and the
mean was 49.01+27.80 ccs.

No statistically significant difference was determined between
pre-biopsy PSA measurements and PSA measurements on the
day of the biopsy according to pathology results (p>0.05).

In benign group, change in PSA measurements on the day of the
biopsy in the direction of reduction compared to pre-biopsy PSA
measurements wasn't statistically significant (p=0.123; p>0.05), in
malignant group, average increase in PSA measurements on the
day of the biopsy compared to pre-biopsy PSA measurements
wasn't statistically significant (p=0.338; p>0.05) (Table 2).

A statistically significant difference was determined between
percentage change in pre-biopsy and on the day of the biopsy
PSA measurements according to pathology results (p=0.050;
p<0.05). While the mean percentage change in the benign
patients was determined to be -3.44+22.43, it was 5.58+19.63 in
malignant patients (Figure 1).

No statistically significant difference was determined between
colorimetric and fluorometric sarcosine measurements of the
patients according to pathology result (p>0.05) (Table 3).

A statistically significant difference was determined between
prostate volume of the patients according to pathology result
(p<0.05) and prostate volume in the malignant group was less
than the benign group.

A statistically significant difference was determined between the
prevalence rates of prostatitis in the patients (p<0.01). Prevalence

Pathology

Benign (n=60) Malignant (n=24) "

Median Median

(min-max) (min-max)
Pre-biopsy PSA 5.42 (2.7-9.9) 6.06 (2.6-9.5) 0.443
PSA on the day of the biopsy 5.537 (0.8-13.3) 6.09 (3.2-10.5) 0.080
o 0.123 0.338
Pre-biopsy - PSA on the day of the biopsy 419 (:90.7/47.34) 1,05 (-29.5/50.6) 0.050%

percentage change (%)

2Mann-Whitney U test, *Wilcoxon Signed-Rank test, *p<0.05, PSA: prostate specific antigen, min: minimum, max: maximum
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of prostatitis in the malignant group was significantly less than the
patients of the benign group.

No statistically significant correlation was determined between
pre-biopsy PSA values and colorimetric and fluorometric sarcosine
measurements and between PSA values on the day of the biopsy
and colorimetric and fluorometric sarcosine measurements of the
benign cases (p>0.05). No statistically significant correlation was
determined in the malignant group, either (p>0.05).

No statistically significant correlation was determined between
percentage change in PSA values and colorimetric sarcosine
measurements of the benign patients (p>0.05). A statistically
significant positive correlation was found between percentage
change in PSA values and fluorometric sarcosine measurements
(fluorometric sarcosine value increased with the increase of
percentage change in PSA values) at a level of 31.8% (r=0.318;
p=0.013; p<0.05).

A statistically significant negative correlation was found between
percentage change in PSA values and colorimetric sarcosine
measurements (as the percentage change in PSA values increased,
colorimetric sarcosine value decreased) at a level of 41.5% in
malignant patients (r=-0.415; p=0.044; p<0.05). It was also found
the same in fluorometric sarcosine measurements at a level of
41.8% in malignant patients (r=-0.418; p=0.042; p<0.05) (Table 4).

There was no statistically significant difference between pre-
biopsy PSA measurements and PSA measurements on the day

Percentage change (%)

e=p

Malignant

median
h A W N RO RN

Figure 1. Percentage change (%) in pre-biopsy PSA
measurements and PSA measurements on the day of the biopsy
according to pathology results

PSA: prostate specific antigen
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of the biopsy (p>0.05) and between percentage change in PSA
values of the malignant patients according to Gleason scores
(p>0.05).

There was no statistically significant difference between
colorimetric and fluorometric sarcosine measurements (p>0.05)
and between prostate volumes of the malignant patients
according to Gleason scores (p>0.05).

There was also no statistically significant difference between the
prevalence rates of prostatitis in malignant patients according to
Gleason scores (p>0.05) (Table 5).

DISCUSSION

After the examinations of USA 2013 prostate cancer (PC)
incidence-mortality data, it was seen that PC had the highest
incidence (238.590) and second highest mortality (29.720) in all
male cancer types (9). Due to those high ratios, early diagnosis
of PC is vital. PSA is an organ-specific reagent. However, it has no
specificity for disease or its degree. There are two main problems
with PSA. The first problem is the great ratio of negative prostate
biopsy results because PSA isn't specific for PC.

The second problem is that low level (0-20 ng/mL) PSA can't
predict PC (3). Thus, it's thought that PSA is inadequate in PC
screening and the researchers are looking for alternative reagents
(10). Nowadays, the most used reagents in non-invasive disease
are PCA-3 and annexin (3,4,11) in urine. New markers, such
as urine alfa methyl alkyl CoA, which increases in adenocancer
and high-grade intraepithelial neoplasia, are being discussed to
be used in prediction of cancer progression (5,12-14). Another
reagent is the ratio of fPSA/tPSA. It's reported that this ratio
is especially effective in differentiating patients with PC and
benign situations. Kallikrein 2, urokinase-type plasminogen
activator/urokinase-type plasminogen activator receptor, IL-6/
IL-6 receptor, pigment epithelium-derived factor, fibronectin 1,
chromogranin A, ceruloplasmin are remarked as high potential
bioreagents (15,16). In addition, sarcosine; related to methionine
and one-carbon metabolism, has been searched recently. Glycine
N-methyltransferase (GNMT) is the main component that affects
the sarcosine syntheses (17-19). GNMT syntheses is controlled with
the same-named gene. It has been recently identified that this
gene is on the sixth chromosome's short arm’s 12" position (19).
The increase of GNMT production causes glycine to transform

sarcosine and increase its excretion in urine. Stabler et al. (20)

Pathology
Benign (n=60) Malignant (n=24) ap
Median Median
(min-max) (min-max)
Colorimetric sarcosine 0.41(0-1.2) 0.44 (0.01-0.9) 0.365
Fluorometric sarcosine 0.30 (0-1.3) 0.40 (0-0.9) 0.513

*Mann-Whitney U test, min: minimum, max: maximum
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have proven that the increased GNMT increases homocysteine
and sarcosine formation with increasing s-adenosyl methionine
usage. This fact caused sarcosine to be thought as a bioreagent in
the non-invasive cancer field.

In 2009, Sreekumar et al. (21), examined metabolomic characters
of PC and suggested that urine sarcosine levels could be used
as reagent for prediction of PC progression. After this study,
number of studies about this subject increased and many studies
with different methods were performed. Some of those studies
supported sarcosine as a reagent in cancer determination;
however, some of them didn't.

Urine sarcosine levels were evaluated with colorimetric and
fluorometric methods in our study, which aimed to determine
the efficiency of sarcosine in predicting PC, especially in patients
with low-level PSA. There was no statistically significant difference
detected between the benign and malignant patients in terms of
urine sarcosine levels (p>0.05). Our finding matches Jentzmik et
al.'s (6) and Struys et al.'s (7) studies in literature, however, it doesn't
match with Bianchi et al.'s (22) and Cernei et al.’s (5) studies.

In Jentzmik et al.'s (6) study in 2010, the urine sarcosine levels
were evaluated with gas chromatography and spectrometry in 106
patients with PC and 33 controls without cancer. It was seen that

J Acad Res Med 2022;12(2):42-8

sarcosine/creatinine ratio was 13% less in patients with PC. As a
result, it has no additional extender to PSA in benign-malignant
differentiation and it's more inadequate than fPSA (6).

Struys et al. (7) reported that there was no significant difference
between patients with increased serum PSA level, patients with
metastatic PC and the control group (patients were chosen from
patients whose vitamin B12 levels were examined). They even
identified that serum sarcosine levels were not helpful with serum
PSA level increase; therefore, it wasn't helpful in prediction of
cancer progression.

In 2011, Bianchi et al. (22) evaluated urine sarcosine levels of a
total of 56 participants consisting of healthy controls, patients
with benign prostate hypertrophy (BPH) and patients with
prostate gland localized cancer with fully automated solid-phase
microextraction-fast gas chromatography and mass spectrometry.
They found that the sarcosine/creatinine ratio in stated participants
were 103, 137, and 267 pg/g, respectively. The highest sensitivity
was 79%, and specificity was 87% with cut-off sarcosine value of
179 pg sarcosine (g creatinine)' and in case of usage of this cut-
off value, sarcosine had an important relationship with the cancer
presence (p<0.0001). The correlation between patients with
clinical localized cancer and patients with no evidence of tumour
was presented with receiver operating characteristic analysis (22).

Pre-biopsy PSA - colorimetric sarcosine

Pre-biopsy PSA - fluorometric sarcosine

PSA on the day of the biopsy - colorimetric sarcosine
PSA on the day of the biopsy - fluorometric sarcosine
Percentage change in PSA (%) - colorimetric sarcosine
Percentage change in PSA (%) - fluorometric sarcosine

r=Spearman’s correlation coefficient, *p<0.05, PSA: prostate specific antigen

Benign (n=60) Malignant (n=24)

r p r p
0.071 0.591 -0.013 0.953
0.018 0.894 0.149 0.487
0.118 0.369 -0.176 0.410
0.127 0.335 -0.025 0.906
0.211 0.189 -0.415 0.044*
0.318 0.013* -0.418 0.042*

Gleason score 6

Gleason score 7

Median Median

(min-max) (min-max) P
Pre-biopsy PSA 6.12 (3.35-9.50) 5.87 (2.57-8.68) 0.696
PSA on the day of the biopsy 6.16 (3.21-10.51) 5.65 (3.67-10.30) 20.804
Percentage change in PSA (%) 0.13 (-29.51/50.57) 13.51 (-3.75/42.8) 20.166
Colorimetric sarcosine 0.42 (0.01-0.85) 0.57 (0.26-0.69) 20.374
Fluorometric sarcosine 0.30 (0-0.9) 0.40 (0.2-0.7) 20.389
Prostate volume 32.40 (18-140) 40.0 (20-75) 0.749

n (%) n (%)

) Present 8 (42.1%) 0 (0.0%)
Prostatitis 0.130
Absent 11 (57.9%) 5 (100.0%)

*Mann-Whitney U test, °Fisher Exact test, min: minimum, max: maximum, PSA: prostate specific antigen
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Urine sarcosine values of patients with PC -were evaluated with
jon-exchange chromatography developed by Cernei et al. (5), and
it was seen that those patients had significantly higher sarcosine
levels than treated patients. It was shown that urine sarcosine
levels of healthy people could be ignored. In our study, which had
a starting point accordingly, it was identified that patients who
were reported as having BPH and healthy people had sarcosine in
their urines. There was no statistically significant difference found
in malignant patients, and our study didn't reveal the fact that
sarcosine levels in healthy people could be ignored.

Koutros et al. (8), examined sarcosine levels of 1,122 patients with
PC (813 non-aggressive and 309 aggressive) and 1,112 controls
with liquid chromatography-mass spectrometry. They found that
as the sarcosine level increased, PC risk increased (p=0.03). As a
result, Koutros et al. (8) reported that high serum sarcosine levels
accompanied increased PC risk and that sarcosine could be used
as bioreagent.

Our findings support most of the studies in literature. For example,
Koutros et al. (8) classified PC according to tumor aggressiveness
in 4 groups (Q1-Q4) and evaluated the relationship between
sarcosine levels and the aggressiveness of the disease. They
reported strong relationship in non-aggressive patients [for Q4-Q1
odds ratio =1.44, 95% confidence interval (Cl): 1.11, 1.88; P-trend
0.006]. However they didn't report a significant relationship in the
aggressive patients (for Q4-Q1 odds ratio =1.03, 95% Cl: 0.73,
1.47; P-trend 0.89).

Cao et al. (12) identified that urine sarcosine and sarcosine/
creatinine ratio were incompatible with Gleason score and T
phase. Similarly, Jentzmik et al. (6) found that sarcosine levels
weren't related to tumor phase or Gleason score (<7 vs. 27) (19). In
our study, there was no statistically significant difference between
colorimetric and fluorometric sarcosine measurements of the
malignant patients according to Gleason scores as well (p>0.05).

Struys et al. (7), reported that sarcosine levels weren't correlated
with tumor progression. Wu et al. (4) showed that sarcosine/
creatinine ratio wasn't sufficient for cancer diagnosis and wasn't
determinant for histological degree and identifying the tumour
behavior. According to those studies and our study, sarcosine
levels and tumor aggressiveness are not related and disease
aggression cannot be evaluated with sarcosine levels.

Apart from all these data, our study found statistically significant
negative correlation in malignant group and positive correlation
in benign group with percentage change in PSA values and
fluorometric sarcosine measurements.

Study Limitations

The main limitation was the low amount of sample size. However,
the study was designed to be prospective, all groups’ features
were analyzed without a control group. Sarcosine kit was obtained
from an abroad country and only 90 kit contents could be received.
Sample storage had to be in -40 °C and the limiting storage time
was maximum 3 months. Despite all these challenging difficulties
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and lack of technical issues, we believe that we have designed a
good study to make an addition to the present literature.

CONCLUSION

In our study, which we used not only fluorometric technic but
also colorimetric technic, sarcosine levels were found inadequate
in predicting PC, differentiating benign-malignant patients,
and predicting the aggressiveness of the disease. However,
the correlation between percentage change in PSA values
and fluorometric sarcosine measurements might be used in
grey zone PSA patients. Combining this correlation with newly
popular Multiparametric Prostate MR results may lead us avoid
unnecessary biopsies in especially patients with low level PSA and
PI-RADS 2-3.
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ABSTRACT

Objective: Today, demand for genital cosmetic procedures is increasing among women. However, despite the rapid increase in popularity of these
procedures, research questionnaires to determine whether there is a real need for genital aesthetic procedures for patients are still limited. The
objective of this study is to develop a self-assessment questionnaire for female genital cosmetic procedures, to use this questionnaire for genital
appearance satisfaction within the general population and to evaluate the correlation between total item score and demand.

Methods: The questionnaire was conducted on 100 women who were thought to reflect the general population who presented to the Gynecology
and Obstetrics clinics of our tertiary hospital. The questionnaire, which consisted of 11 items, was prepared to screen the women who needed
cosmetic genital procedures. The first 10 items included factor analysis regarding aesthetic appearance of the genital organs (items 1-8) and its
impact on sexual pleasure (items 9 and 10). [tem 11 questioned how much participants needed a cosmetic gynecologic procedure.

Results: A strong need for genital aesthetic procedures was observed in 41% of the participants. When demographic variables were analyzed in terms
of the desire for cosmetic procedures; only the first 10 questions were statistically significantly related to the total score. It was shown that a total
score >19 was an important factor for women desiring to undergo genital cosmetic procedures (odds ratio: 3.9, confidence interval: 1.7-9.2, p=0.011).

Conclusion: This scoring system will be helpful in determining whether there is a real need for genital aesthetic procedures in the general population,
and whether patients with an actual need for genital aesthetic procedures can be directed with this scoring since perception of women with regards
to vaginal cosmetic procedures can differ from that of professionals.

Keywords: Aesthetic gynecology, aesthetic vaginal plastic surgery, questionnaire, genital cosmetics

0z

Amag: Glnumizde kadinlar arasinda genital kozmetik islemlere olan talep artmaktadir. Ancak, bu islemlerin populeritesindeki hizli artisa ragmen,
hastalar icin genital estetik islemlere ihtiyac olup olmadigini belirlemeye yoénelik arastirma anketleri hala sinirlidir. Bu calismanin amaci, kadin genital
kozmetik prosediiriini arzulamak igin bir 6z degerlendirme anketi gelistirmek, bu anketi genel popllasyonda genital gériinim memnuniyeti igin
kullanmak ve toplam madde puani ile talep arasindaki iliskiyi degerlendirmektir.

Yéntemler: Anket, hastanemizin kadin hastaliklari ve dogum polikliniklerine basvuran genel popllasyonu yansittigi distintlen 100 kadina uygulandi.
On bir maddeden olusan anket, genital estetik islem ihtiyaci olan kadinlari taramak amaciyla hazirlanmistrr. ilk 10 madde, genital organlarin estetik
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gorinimii (1-8. maddeler) ve cinsel hazza etkisi (9. ve 10. maddeler) ile ilgili analizini icermektedir. On birinci madde, katilimeilarin kozmetik jinekolojik

prosedure ne kadar ihtiya¢ duydugunu sorguladi.

Bulgular: Katiimcilarin %41'inde genital estetik islemlere gicli bir ihtiyag oldugu gézlemlendi. Estetik islem istegi agisindan demografik degiskenler
incelendiginde; sadece ilk 10 soru toplam puanla ilgili istatistiksel olarak anlamliydi. Genital kozmetik islem yaptirmak isteyen kadinlarda toplam puan
>19 olmasinin dnemli bir faktor oldugu gésterildi (olasilik orant: 3,9, gliven araligi: 1,7-9,2, p=0,011).

Sonug: Bu skorlama sistemi, genel popiilasyonda genital estetik islem ihtiyaci olup olmadiginin belirlenmesinde yardimci olacaktir ve kadinlarin
normal algsi farkli olabileceginden, genital estetik islem ihtiyaci olan hastalar bu skorlama ile yénlendirilebilir.

Anahtar kelimeler: Estetik jinekoloji, vajinal estetik ameliyat, anket, genital kozmetik

INTRODUCTION

Recently, female plastic/cosmetic genital procedures have
increasingly become popular among women (1). There are a
series of genital procedures such as vaginoplasty, labiaplasty,
clitoral hood reduction, labia majora augmentation/reduction
hymenoplasty and G-spot amplification (2). Among these
procedures, the number of labiaplasty operations rose to 12,756 in
2018 from 8,341 in 2014 by an increase of 53% only over four years
(3,4). However, despite this rapid dramatic increase in demand for
these procedures, research questionnaires to determine whether
there is an actual need for such aesthetic procedures are still
limited. The primary goals of female genital aesthetics/vaginal
cosmetic procedures are to improve patient satisfaction and
quality of life (QolL) (5).

The satisfaction with the genital appearance of women is
associated with overall genital appearance, sexual esteem, and
sexual satisfaction (6). Women who are satisfied with their body
image report to have confidence with their sexual life, more sexual
activity, and orgasm more often (7). A positive body image has
been strongly correlated with sexual functioning and satisfaction,
while a negative body image has been associated with a need
for physical attraction (7). A persons’ high respect to her/his body
refers to satisfaction of this person from personal and interpersonal
relations, and it can help in estimating sexual satisfaction (8). It is
known that the perceived body image levels widely affect clinical
scenarios, but this association is often overlooked or is not noticed
by clinicians. Women increasingly think that the appearance of
their genitalia is crucial, and more and more women are interested
in their genital appearance possibly by the impact of media (9).
It has been argued that women with low sexual satisfaction can
benefit from existing treatment methods that target certain
regions of their body (8).

The need for genital aesthetic procedures by the patient is
determined by specially designed and approved questionnaires.
These questionnaires provide the measurement of the need
for a clinical intervention to determine health status and the
image regarding QoL from patients’ perspective (10). Such
questionnaire applications will possibly improve evidence-based
implementation, will be helpful for potential improvements in the
development of surgical methods and will facilitate the decision-
making process for both patients and surgeons and make it more
effective (11,12).

The objective of this study was to develop a self-assessment
questionnaire for those desiring female genital cosmetic
procedures (Q-FGCP), to use this questionnaire for satisfaction
with genital appearance within the general population and to
evaluate the correlation between total item score and demand.

METHODS

The questionnaire was conducted on 100 women who were
thought to reflect the general population who presented to
the Gynecology and Obstetrics clinics of our tertiary hospital.
applying the
questionnaires. An illustration of female genital organs with

Informed consents were obtained before
anatomic markings was given to the subjects who responded to
the questionnaire. The questionnaire, which consisted of 11 items,
was prepared to screen the women needing cosmetic genital
procedures (Appendix). The first 10 items included factor analysis
regarding aesthetic appearance of the genital organs (items 1-8)
and the impact of aesthetics on sexual pleasure (items 9 and 10).
Each question was scored between 0 and 3 points for the first
10 items. Zero point was defined as adequate satisfaction related
to genital organ appearance and sexual satisfaction. One point
was evaluated as normal related to genital organ appearance
and sexual satisfaction whereas, 2 and 3 points were graded as
dissatisfaction related to genital organ appearance and sexual
satisfaction.

ltem 11 questioned how much participants needed a cosmetic
gynecologic procedure. Women were asked to evaluate the
degree of their desire between 0 and 3 points. Zero point was
accepted as no desire, while 3 points was graded as a very strong
desire. The scores of 2 and 3 were assessed as a strong need for
female cosmetic procedures. One point was assessed as a mild
need.

The study was approved by the Zeynep Kamil Women and
Children’s Diseases Training and Research Hospital Ethics
Committee (decision no: 33, date: 10.02.2017) in accordance with
the requirements of the Declaration of Helsinki.

Statistical Analysis

Statistical analysis of the data obtained from the study was
performed using SPSS version 25.0 (IBM, SPSS, Chicago, IL, USA)
statistical package software. Descriptive data were expressed as
frequency and percentage. The optimal cut-off value for desire
score for vaginal aesthetic procedure was determined using
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receiving operating characteristics (ROC) analysis by calculating
the areas under the ROC curve. Risk coefficient for categorical
variable (such as a total desire score for aesthetic procedure <19
and >19 points) was evaluated using logistic regression analysis
and expressed as “odds ratio (OR)". The correlation between
continuous variables was tested using the Spearman’s correlation
analysis. The variable used in the correlation analysis was the score
for desire for vaginal aesthetic procedure that was a continuous
variable. The results were evaluated at 95% confidence interval
(CI). A p-value below 0.05 was considered statistically significant.

RESULTS

Ages of the participants varied between 19 and 53 years.
Educational level of the participants was high school degree
or lower. While 55 (55%) of the participants had normal vaginal
delivery, 12 (12%) had cesarean sections and 33 (33%) were
nulliparous. Score analysis of the item 11 is shown in (Table 1). The
correlation analysis was calculated between the total 10-item score
and the score of the item 11. A strong need for genital/vaginal
aesthetics procedures was observed in 41% of the participants.
When demographic variables were analyzed in terms of the desire
for cosmetic procedures, a statistically significant correlation was
found only with the total score of the first 10 questions (p=0.007)
(Table 2). No statistically significant correlation was found with age,
weight, height, body mass index, duration of marriage, gravida,

11t item score Number of patients

0 51 51.0%
1 8 8.0%
2 37 37.0%
3 4 4.0%
E;iijz:eienital EoumSLE Number of patients

Little or no need 59 59.0%
Strong need 41 41.0%
Correlation analysis r p-value
Total score 0.267 0.007
Age -0.061 0.548
Height 0.010 0.919
Weight 0.078 0.440
BMI 0.047 0.645
Duration of marriage 0.067 0.557
Gravidity 0.014 0.891
Parity 0.012 0.904
Abortus -0.040 0.693

BMI: body mass index

Herkiloglu et al.
A New Questionnaire for Aesthetic Gynecology

parity and abortus. ROC analysis revealed that a total score >19
was an important factor for women desiring to undergo genital
cosmetic procedures (OR: 3.9, Cl: 1.7-9.2, p=0.011) (Table 3). This
questionnaire seems to be and will be a valuable screening tool to
determine the need for cosmetic gynecology procedures among
women presenting to gynecology outpatient clinics (Figure 1).

DISCUSSION

Regarding genital morphology, it is possible for individuals who
are not even interested in the appearance of sexual organs to
create a "normal” genital concept. The term “normality” and
establishment of the “normal” can play a role in the determination
of how much satisfaction women derive from their own physical
image. If the sources to which women refer include bias or if
these sources are contrary to certain morphological features and
“standards”, the possibility of dissatisfaction with the appearance
of sexual organs is higher among women, and this causes an
increase in demand for genital aesthetic procedures. With the
Q-FGCP questionnaire, we aimed to create awareness of genital
appearance and demonstrated the real need of individuals for
surgery. We found with Q-FGCP that 41% of the participants had
a strong desire for genital aesthetic procedures.

Recently, Yurteri-Kaplan et al. (13) evaluated the perception
of women regarding their vulvas and whether this perception
affected their desire for genital aesthetic procedures. Majority of
the 354 participants argued that the appearance of their vulvas
was important. Both 44-year-old women and those aged >44
years showed anatomy sources to their physicians for obtaining
information about vulvar and labial appearance. However,
significant portion of younger women used pornography as
a source of information (13). Therefore, increased usability of
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Figure 1. Vaginal aesthetic requirement
ROC: receiving operating characteristics
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11t item score (vaginal aesthetic

requirement) No need (0+1)

<19 41 (69.5)**
>19 18 (30.5)

Total score

Strong desire (2+3)

15 (36.6)
26 (63.4)*

AUC (SE) Odds ratio (%95 Cl) p-value

0.650 (0.058) 3.9(1.7-9.2) 0.011

**specificity, *sensitivity, SE: standard error, AUC: area under the curve, Cl: confidence interval

pornographic material in media and the Internet influence the
attitudes of women regarding the appearance of the genitalia and
sensation of personal satisfaction. As a result of the mentioned
study, Yurteri-Kaplan et al. (13) concluded that the age of a woman
had no effect on the perception of a normal vulva, that majority
of women perceived their vulvas as normal and were satisfied
with their appearance, but older women were more interested
in cosmetic vulvar surgery. We believe that the results of that
study support our theory and thus, a weak-to-moderate negative
correlation should be expected between physical appearance of
women and demand for genital aesthetic procedures.

In another study from Netherlands (4), when demands of the
women desiring cosmetic surgery were examined, the reason was
the request to regain the appearance of the prior younger vulvar.
During menopause, genital prolapsus and estrogen insufficiency
can alter the appearance of the vulva. Therefore, the restoration
of previous anatomy and appearance can be a source of demand
for cosmetic vulvar surgery instead of a perception of a distorted
vulvar.

Most women in the Western culture perceive a normal vulva with
the following features: symmetrical labia majora and labia minora
with a clitoral hood (5). According to the cosmetic data from the
United States of America, there may be regional differences in
the perception of the vulva, and demand for these procedures
can be higher among the regions (3). As the results of ethnic
origin, regional, social needs and demands vary, this situation
also applies to our country. Given these results, further studies
are necessary to generalize these results to a wider population
(14). The motivation of women for requesting cosmetic vulvar
surgery should be investigated when they are admitted for
these procedures. Since healthcare workers play a critical role
in providing patients with medical education, based on the
unrepresentative concept of women variation in morphology,
women reporting concerns about their physical image should be
informed through images or tools explaining the normal anatomy.
Physicians should be aware that perceptions can be influenced
by a distorted perception of what is normal or a demand for
regaining the previous anatomy because of postnatal genital
prolapsus or estrogen insufficiency. As physicians, we must train
our patients about the variations in vulvar anatomy and potential
risks of such procedures.

Recently, the rate of women requesting elective surgery is
increasing, and these women seem to be significantly influenced
by the media (15). Schick et al. (16) reported a shifting in the ideals
of genital appearance over 50 years and concluded that this

perception promoted an important physical image dissatisfaction
among women. In a study by Laan et al. (17), effects and self-
awareness of women graduated from college were investigated
by showing them images of a natural vulva. The authors observed
that exposure to the natural vulva images affected genital self-
image positively (17). Hummel et al. (14) reported that cognitive-
behavioral therapy was effective in sexual dysfunction and physical
image-related procedures were effective among victims of breast
cancer. Q-FGCP has the potential for using the questionnaire in
such approaches before performing elective female cosmetic
procedures. Physical body image, dyspareunia and sexual function
can be affected by infertility, pregnancy, gestational diabetes
mellitus, and endometriosis, which are among the most common
causes of presentation to gynecology outpatient clinics (18,19).
It would be an interesting experience to observe the changes
in self-image and sexual functioning level during and after the
treatment of these disorders in obstetrics and gynecology clinics.

Study Limitations

This questionnaire should have been applied to more people since
there may be geographical, traditional and expected differences.
Hence, that would have created a truly random sample of people
answering our questions for the survey/questionnaire.

CONCLUSION

There is no uniform definition for “abnormal” labial size and
genital appearance. Most sexual medicine specialists think that
physical self-image is an important determinant in the demand
for genital aesthetic procedures among women. Many specialists
advise that these women should be referred to a consultation
with a psychiatrist or a psychologist before being admitted for
genital aesthetic procedures. A scoring system questionnaire can
be used to determine whether individuals in general population
need genital/vaginal aestetic procedures. Since perception of
| appearance can differ among women, only patients with
an actual need for these procedures can be directed to aesthetic
procedures.

"norma
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Appendix. Questionnaire for Female Genital Cosmetic Procedures (Q-FGCP)

QUESTIONNAIRE FOR FEMALE GENITAL COSMETIC PROCEDURES (Q-FGCP)

NAME/SURNAME: DATE:

AGE: SINGLE/MARRIED (DURATION):
FILE NO:

HEIGHT/WEIGHT:

GRAVIDA/PARITY/ABORTUS:

MODE OF DELIVERY (IF ANY):
PREVIOUS OPERATION(S):

COMORBIDITY:
EDUCATION/PROFESSION:
1- Do you like the appearance of your sexual organ? 7- s the size of the folding above the clitoris adequate
1) Very much for you?
2) Normal 1) Very adequate
3) Little 2) Normal
4) Very little 3) Llarge
4) Very large
2- Do you think that the size of your labia majora is
adequate? 8- Do you like the darkness of your sexual area?
1) Very adequate 1) Very much
2) Normal 2) Normal
3) Large 3) Not much
4) Very large 4) Don't like
3- Is the appearance of your both labia majora 9- Are you satisfied with the width of your vagina?
symmetrical? 1) Very much
1) Very symmetrical 9 Nerel
2) Normal 3) Wide
3) Little symmetrical A Teemies
4) Not symmetrical
10- Does adequate wetting occur during intercourse?
4- Do you think that the size of your labia majora is 1) Very well
adequate? S |
0) Very adequate ) Wegime
3) Not sufficient
1) Normal PN oy
%) Large ) Never sufficient
3) Verylarge 11- Are you considering rejuvenation and restoration
procedures for your genitalia?
5- Is the appearance of both labia minora symmetrical? 1) No
0) Very symmetrical 2) May be
1) Normal 3) Yes
2) Little symmetrical 4) Definitely Yes
3) Not symmetrical

6- s the size of the hairy area and fatty portion above the
labia majora adequate for you?

1) Very adequate

2) Normal
3) Large
4) Very large
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ABSTRACT

Objective: Staphylococcus aureus (S. aureus), including methicillin resistant S. aureus (MRSA), can produce biofilm leading to increased morbidity
and mortality in hospital infections. Antibiotic resistance is an inherent feature of bacterial biofilms, and the formation of biofilms is more widespread
in MRSA. This study aimed to reveal the phenotypic biofilm-forming abilities of S. aureus isolates and to investigate the relationship of antibiotic
resistance of biofilm-forming S. aureus with biofilm formation.

Methods: A cross-sectional descriptive study was carried out in the microbiology laboratory at the Near East University Hospital in the Turkish
Republic of Northern Cyprus. A total of 67 non-duplicative samples (wound/pus, sputum, aspirate, blood and urine) for the study were collected
between January 2020 and April 2021 from samples of inpatients and outpatients from various hospital departments. VITEK 2 system was used for
bacterial identification and antibiotic susceptibility testing, biofilm formation was evaluated using Congo red agar (CRA).

Results: It was observed that 56 (84.3%) of 67 S. aureus isolates cultured on CRA produced biofilm, while the remaining 11 (15.7%) were not biofilm
producers. A statistically significant relationship was found between methicillin resistance and biofilm formation in S. aureus isolates. Accordingly, a
significantly higher biofilm formation was observed in MRSAs compared to those with negative methicillin resistance (92.1% vs. 72.4%, p=0.034). A
high proportion of isolates of S. aureus showed susceptibility towards tigecycline (100%) and gentamycin (100%).

Conclusion: The findings of this study indicated that methicillin-resistant strains produced more biofilms and exhibited a high degree of resistance
to most antibiotics.

Keywords: Staphylococcus aureus, MRSA, biofilm, Congo red agar, Northern Cyprus
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Amag: Staphylococcus aureus (S. aureus), metisiline direncli S. aureus (MRSA) da dahil olmak tzere hastane enfeksiyonlarinda morbidite ve mortalite
artisina yol acan biyofilm Uretme 6zelligi gostermektedir. Antibiyotik direnci, bakteriyel biyofilmlerin dogal bir 6zelligi olmakla birlikte biyofilm
olusumu MRSA'da yaygin bir sekilde gértlmektedir. Bu calismada, S. aureus izolatlarinin fenotipik biyofilm olusturma yetenekleri ve biyofilm olusumu
ile antibiyotik direncinin iligkisini aragtirmak amaclanmistir.
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Yéntemler: Calisma, Ocak 2020-Nisan 2021 tarihleri arasinda Kuzey Kibris Tiirk Cumhuriyeti'nde Yakin Dogu Universitesi Hastanesi Mikrobiyoloji
Laboratuvari'nda gerceklestirildi. Hastanenin farkli bélimlerinden, yatan ve ayaktan olmak tzere toplam 67 hastaya ait rnekler (yara/irin, balgam,
aspirat, kan ve idrar) incelendi. Bakteri identifikasyonu ve antibiyotik duyarlilik testi icin VITEK 2 sistemi kullanildi ve biyofilm olusumunu tespit etmek

icin ise Kongo kirmizisi agar (KKA) kullanilarak degerlendirme yapild.

Bulgular: KKAya ekimi yapilan toplam 67 S. aureus izolatinin 56'sinin (%84,3) Urettigi, geri kalan 11'inin (%15,7) ise biyofilm Ureticisi olmadigi
gorulmistlr. S. aureus izolatlarinda metisilin direnci ile biyofilm olusumu arasinda istatistiksel olarak anlamli bir iligki tespit edilmistir. Buna gére,
MRSA'larda metisilin direnci negatif olanlara gére anlamli dizeyde daha yiiksek biyofilm olusumu gézlendi (%92,1 vs. %72,4, p=0,034). S. aureus
izolatlari yiksek oranda tigesiklin (%100) ve gentamisine (%100) karsi duyarlilik géstermistir.

Sonug: Bu calismanin bulgulari, MRSA suslarinin daha fazla biyofilm drettigini ve ¢ogu antibiyotige karsi ylksek oranda direng sergiledigini

g6stermektedir.

Anahtar kelimeler: Staphylococcus aureus, MRSA, biyofilm, Kongo kirmizisi agar, Kuzey Kibris

INTRODUCTION

Staphylococcus aureus (S. aureus) is a gram-positive commensal
opportunistic pathogen which poses a threat to public health.
It is responsible for bacteremia acquired in hospitals with a
mortality rate of 20-30%. Other infections caused by S. aureus
are bloodstream infections, surgical site infections, skin, and soft
tissue infections, infectious endocarditis, osteomyelitis, device-
related infections and pneumonia (1).

S. aureus can colonize and spread by attaching to the host's
extracellular matrix components and serum proteins. In the
pathogenesis of Staphylococcal infection, it has been observed
that biofilm production has a very active role in protecting
the colony from environmental factors, antibacterial therapy,
and immune reactions of the host (2). Biofilms are complex
assemblages of bacteria embedded in an extracellular matrix
of exopolysaccharides, proteins, and macromolecules like DNA.
They can grow on both living and non-living surfaces. Studies
using molecular methods and scanning electron micrographs
have shown that biofilms colonize on wounds. They shield the
microorganisms from host immunity and prevents antibiotics
from reaching the site of infection, causing wound healing to be

hindered (3).

In developed countries, methicillin resistant S. aureus (MRSA)
is now endemic in nearly all medical centers (4). The mecA or
mecC genes are found on the Staphylococcal chromosomal
cassette and encode penicillin-binding protein 2A (PBP2A), an
enzyme that crosslinks the peptidoglycans in the bacterial cell
wall, which confers methicillin resistance. Beta lactam antibiotics
are ineffective against these enzymes, which results in resistance.
Vancomycin has been used as a first-choice antibiotic to treat
MRSA infections for years. Outbreaks of multidrug-resistant,
medium and high-level vancomycin-resistant S. aureus (VRSA)
have occurred over the last two decades, posing an important
public health risk (5). S. aureus can be easily transmitted between
individuals in the healthcare and in the community settings, owing
to its commensal presence with immunocompetent individuals.
Furthermore, it is a growing matter of concern due to its relation to
hospital-acquired infections and antibiotic resistance (6). MRSA is
a serious and widespread problem due to its capacity to colonize
and cause disease in humans and animals (7). Therefore, the aim

of our study was to investigate the phenotypic biofilm forming
abilities of S. aureus isolates and the relationship of antibiotic
resistance of biofilm forming S. aureus with biofilm formation.

METHODS
Design of Study

A cross-sectional descriptive study was carried out in the
microbiology laboratory at the Near East University Hospital
in the Turkish Republic of Northern Cyprus. A total of 67 non-
repeated samples for the study were collected between January
2020-April 2021 from hospitalized patients from various hospital
departments.

Samples Collection

Collected samples were cultured on blood agar (Merck, KgaA,
Germany) and Eosin Methylene Blue agar (Becton Dickinson,
Sparks, MD 211 52, USA) and incubated at 35 °C for 24-48 hours
to obtain pure colonies. Only colonies that grew on blood agar
media were loaded into the VITEK 2 (bioMérieux SA, F-69280
Marcy I'Etoile, France) system for bacterial identification and
antibiotic susceptibility patterns; then, when the VITEK 2 device
identified S. aureus, the bacterial colonies were transferred and
stored in bacteria storage tubes (OR-BAK, Ankara, Turkey) at -30
°C until used.

Samples Isolation and Culturing

To revive the stored samples, S. aureus strains were inoculated on
blood agar for growth and incubated for 24-48 hours at 35 °C to
get pure colonies, then Congo red agar (CRA) was prepared and
pure colonies from blood agar were inoculated on CRA for biofilm
detection and subsequently incubated for 24-48 hours at 35 °C,
colonies that were black were considered biofilm positive whereas
colonies that showed red were considered biofilm negative. Both
blood agar and CRA were prepared as per the manufacturer’s
directions.

Antibiotic Susceptibility Testing

For bacterial identification and antibiotic susceptibility, VITEK 2
system was employed. All S. aureus isolates were tested for their
sensitivity against 16 commonly used antibiotics which were as
follows: benzylpenicillin, cefoxitin, gentamicin, ciprofloxacin,
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levofloxacin, clindamycin, linezolid, daptomycin, teicoplanin,
vancomycin, tetracycline, tigecycline, fosfomycin, fusidic acid,
mupirocin and cotrimoxazole. Vancomycin resistant strains were
confirmed by the E-test method using Vancomycin MIC Test Strip
(Liofilchem s.r.l., Italy).

Detection of Biofilm Production

For the formation of biofilm in S. aureus clinical isolates, CRA
method was utilized. In CRA method, S. aureus was inoculated
in CRA comprising Blood Base 2 media (40 gr/L supplemented
with 10 gr/L glucose and Congo red (0.4 gr/L). It was incubated
at 37 °C for 24-48 hours. The biofilm produced was observed and
interpreted; a positive result indicated black color colonies (Figure
1) with a dry crystalline consistency and negative result indicated
red color colonies (Figure 2).

To ensure quality control of test organisms, three bacterial strains
were used as controls for the experiment: S. aureus ATCC29213
was used as the positive control for biofilms, while S. aureus
ATCC6538 and S. epidermidis ATCC11047 were used as negative
biofilm controls, respectively. They were then incubated on CRA

Biofilm Positive

1

Figure 1. Black colonies positive biofilm

Biofilm Negative

Figure 2. Red colonies negative biofilm
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plates to determine whether they produced black colonies. For
growth and biofilm formation, all control species were cultured
on both blood agar and CRA. The isolates were then incubated at
37 °C for 24-48 hours.

Statistical Analysis

All data acquired were statistically analyzed with a computer-
based SPSS 22 software package. Frequency and cross-tabs
analysis were used to test the totals. To discover an association
between two variables, a Pearson chi-square test was utilized with
a significance level of p<0.05.

Ethical Approval

This study was approved by the Scientific Research Ethics
Committee of Near East University on 25.02.2021 (2021/88-1194).
Patient consent was not required because the samples sent to
the routine laboratory were examined. The names of the patients
were covered, and the privacy of data was maintained.

RESULTS

A total of 67 samples for the study were collected between
January 2020 and April 2021 from hospitalized patients from
various hospital departments and subjected to microbiological
analysis to isolate S. aureus strains. The mean age of the patients
with MRSA isolated was 63.32+26.10 (between 3-97 years), while
the average age of patients isolated with methicillin-sensitive S.
aureus (MSSA) was 44.24+28.50 (between 1-92 years). According
to the data obtained, the frequency of MRSA infection increased
significantly as the age got older (p=0.006) as shown in Table 1.
Among a total of 67 S. aureus isolates, 38 (56.7%) were identified
to be MRSA by using VITEK 2 antibiotic susceptibility testing
system with cefoxitin performed and the remaining 29 (43.3%)
were identified to be MSSA.

Outof 38 MRSAs, 29 (76.3%) of them were recovered from inpatients
and 9 (23.7%) from outpatients. The association between MRSA
occurrences in inpatients was statistically significant (p=0.018),
which demonstrated the fact that the possibility of finding MRSA
in admitted patients was high as compared to the outpatients as
shown in Table 2.

Among 67 S. aureus isolates, 29 were MSSA and 38 were MRSA.
Of those 35 were male and 32 were female patients. However, no
significant relationship between gender and growth of MRSA was
identified (p=0.675). Among 67 S. aureus strains recovered, 52.2%
were MRSA, 43.3% were MSSA, while 4.5% were VRSA.

A total of 67 S. aureus isolates undergoing CRA method
demonstrated 56 (84.3%) as biofilm producer and the rest

Table 1. Distribution of MRSA due to age

No of Mean age of  Standard alue
patients patients deviation P&
MSSA 29 44.24 28.50
0.006
MRSA 38 63.32 26.10

MSSA: methicillin-sensitive S. aureus, MRSA: methicillin resistant S. aureus
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11 (15.7%) as non-biofilm producer. A statistically significant
relationship was found between methicillin resistance and biofilm
formation in S. aureus isolates. Accordingly, significantly higher
biofilm formation was observed in MRSA (92.1%) compared to
MSSA (72.4%) isolates (p=0.034) as shown in Table 3.

All'S. aureus isolates were tested for their sensitivity against 16
commonlyusedantibiotics. Resistancerates ofthe MRSAisolateswere
significantly higher towards benzylpenicillin 33 (97.1%), clindamycin
27 (75%) and tetracycline 17 (47.2%) compared to MSSA isolates.
Of the MSSA isolates 22 (81.5%) were resistant to benzylpenicillin,
10 (34.5%) to clindamycin, and 5 (17.2%) to tetracycline. Lower
rate of resistance was observed in 1 (3.7%) MSSA against linezolid,
however MRSA showed no resistance against linezolid, making it
the most effective antibiotic for severe MRSA infections and it could
be used as empiric therapy. On the other hand, both MRSA and
MSSA showed less resistance against ciprofloxacin, levofloxacin,
daptomycin, mupirocin  and  trimethoprim/sulfamethoxazole.
Furthermore, the MRSA isolates showed a statistically significant
resistance pattern against the following antibiotics: clindamycin and
tetracycline compared to MSSA (p=0.001 and 0.011, respectively).
Almost all isolates were sensitive to tigecycline and gentamycin.
Interestingly, MRSA isolates were even resistant to vancomycin and
teicoplanin [3 (8.3%) and 2 (5.7%), respectively]. On the other hand,
no MSSA was found resistant to vancomycin, but it was resistant to
teicoplanin 1 (3.6%) as shown in Table 4.

DISCUSSION

Bacteria in biofilms are of considerable concern as they represent
up to 65% of human infections and they have high resistance
(10-1000 times) to normal antibiotics (2). Nosocomial infections
are a severe and persistent issue in the hospital settings. MRSA
is a significant human pathogen which causes various diseases
in humans, ranging from skin infections to severe infections like
pneumonia, soft tissues, bones, heart valves, and even fatal
septicemia (8). In this study, the CRA method was used to detect
biofilm production of S. aureus. A total of 67 S. aureus isolates

BT e ll:lnt:?mber of Number of Total sele
SA (%)  MSSA (%)  number (%)

Inpatients 29 (76.3) 14 (48.3) 43 (64.2) 0,018

Qutpatients 9 (23.7) 15(51.7) 24 (35.8)

Total 38 (100) 29 (100) 67 (100)

MSSA: methicillin-sensitive S. aureus, MRSA: methicillin resistant S. aureus

Biofilm MRSA (%) MSSA (%) p-value
Producer 35 (92.1) 21 (72.4)

0.034
Non-producer 3(7.9) 8 (27.6)
Total 38 (100) 29 (100)

MSSA: methicillin-sensitive S. aureus, MRSA: methicillin resistant S. aureus
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were incorporated, together with two control strains of S. aureus
and S. epidermidis, as positive and negative biofilm controls,
respectively.

This study discovered that patient age was a risk factor for MRSA
infection in admitted patients. The mean age of patients with
MRSA infection was 63.32+26.10 (range: 3-97 years), whereas the
average age of patients with MSSA infection was 44.24+28.50
(between 1-92 years). According to the data obtained, the
prevalence of MRSA infection increased significantly with age
(p=0.006), which correlated with the findings of a previous study
by Kshetry et al. (9), who found that 29 strains of MRSA were
isolated from adults and 18 strains were isolated from pediatric
patients, with the difference being statistically significant. In our
current study, the prevalence of MRSA was found to be high
(n=38, 56.7%) compared to MSSA (n=29, 43.3%), with a similar
rate reported by Belbase et al. (10). The numbers and rates of
and MSSA were 36 (47.4%) and 17 (22.4%), respectively in the
study by Piechota etal. (8). However, a lower prevalence of MRSA
was reported as 26.12% by Pandey et al. (11). Of the 38 (56.7%)
MRSA strains, 3 (4.5%) were resistant to vancomycin which
was comparable to the results of Jahanshahi et al. (12). In our
study, substantial proportion of MRSA isolates were obtained
from hospitalized patients (n=29, 76.3%). Colonized health care
workers in hospitals are the primary source of MRSA infection
in hospitalized patients, resulting in increased infection rates.
However, the isolation rate of MRSA among outpatients was
low, (n=9, 23.7%). Additionally, admitted patients who became
colonized during their hospital stay might act as secondary
sources of community-acquired MRSA infections. The higher
rate of MRSA infection in admitted patients was statistically
significant (p=0.018), which was consistent with the findings
of Belbase et al. (10), 54.5% and 41.9% in inpatients and in
outpatients, respectively. This difference could be explained by
a prolonged hospital stay, instrumentation, and other invasive
devices, as well as the fact that S. aureus was mostly associated
with nosocomial infections.

Numerous studies have been conducted on producing biofilms
by Staphylococcus species using various methods (13,14). It was
revealed in this study that the technique used could detect the
formation of biofilms between isolated strains. The current study
evaluated the production of biofilms/ESPs by 67 S. aureus strains
on CRA. Out of 67 cultures inoculated on CRA, 56 (84.3%) were
identified as S. aureus producing biofilm, which was comparable
to the results of Sharma et al. (15), (2021), which identified 53 (80%)
as biofilm producing S. aureus. However, Haghi Ghahremanloi
Olia et al. (16) reported a higher rate of biofilm production (n=57,
95%), which could be explained by the imprecision with which this
method identified moderate biofilm-producing strains (17).

Because biofilms are protective, bacteria growing in them are
intrinsically resistant to a wide variety of antibiotics. Positive
biofilm producers were detected in 92.1% of MRSA samples and
72.4% of MSSA samples. A statistically significant relationship
between methicillin resistance and biofilm formation in S. aureus
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Antibiotics MSSA MRSA
Benzylpenicillin 22/27 (81.5) 33/34 (97.1)
Gentamicin 0/29 (0) 0/35 (0)
Ciprofloxacin 1/29 (3.4) 7/36 (19.4)
Levofloxacin 1/29 (3.4) 5/38 (13.2)
Clindamycin 10/29 (34.5) 27/36 (75.0)
Linezolid 1/27 (3.7) 0/35 (0)
Daptomycin 0/28 (0) 2/35(5.7)
Teicoplanin 1/28 (3.6) 2/35(5.7)
Vancomycin 0/28 (0) 3/36 (8.3)
Tetracycline 5/29 (17.2) 17/36 (47.2)
Tigecycline 0/29 (0) 0/35 (0)
Fosfomycin 0/29 (0) 3/34 (8.8)
Fusidic acid 0/27 (O) 3/34 (8.8)
Mupirocin 1/27 (3.7 0/32 (0)
SXT 3/29 (1 0.3) 2/38 (5.3)

p-value

Non-biofilm

Biofilm-producer et p-value
0.055 46/51(90.2) 9/10 (90.0) 0.676

0/54 (0) 0/10 (0) -
0.054 5/52 (9.6) 0/10 (0) 0.402
0.174 4/54 (7.4) 0/10 (0) 0.498
0.001 30/54 (55.6) 7/11 (63.6) 0.441
0.435 1/50 (2.0) 0/11 (0) 0.823
0.305 2/53 (3.8) 0/10 (0) 0.706
0.584 3/52 (5.8) 0/11 (0) 0.557
0.171 3/54 (5.6) 0/10 (0) 0.595
0.011 20/54 (37.0) 2/11(18.2) 0.199

0/54 (0) 0/10 (0) -
0.151 3/53(5.7) 0/10 (0) 0.590
0.166 3/52 (5.8) 0/9 (0) 0.614
0.458 1/50 (2.0) 0/9 (0) 0.847
0.372 5/56 (8.9) 0/11 (0) 0.396

SXT: trimethoprim/sulfamethoxazole, MSSA: methicillin-sensitive S. aureus, MRSA: methicillin resistant S. aureus

isolates (p=0.034) was observed, consistent with the results of
Khasawneh et al. (18), indicated that 90.9% of MRSA and 71.4% of
MSSA isolates were resistant to methicillin. According to a study
conducted by Grinholc et al. (19), only 45-47% of MRSA strains and
66-69% of MSSA strains could form biofilms in vitro. Certain strains
have been reported to produce no biofilm despite the presence
of a locus. Biofilm formation is widely regarded as a significant
factor in the virulence of antibiotic-resistant bacteria, particularly
MRSA. Further phenotypic and genotypic characterization of the
icalocus genes is required to better understand the mechanism of
biofilm production in Staphylococcal infections (20).

The development of MRSA among S. aureus strains leads to
problems in the treatment of these infections. Monitoring
S. aureus’ antimicrobial susceptibility patterns is of prime
significance to understand new emerging resistance trends and
to treat infections in hospitals and in community (21). This study
found that commonly used antibiotics were more resistant to
MRSA than to MSSA,; the highest resistance rates were observed
against benzylpenicillin (n=33, 97.1%), clindamycin (n=27, 75%),
and tetracycline (n=17, 47.2%). In this study, a high proportion of
isolates (97.1%) were penicillin-resistant. This was expected, as only
a minority of S. aureus strains did not produce beta-lactamases.
In a study carried out by Ansari et al. (21), a comparable rate of
resistance to penicillin was observed (94.7%).

The MRSA is commonly treated with clindamycin. Other types of
antibiotics, like macrolides, can also lead to macrolide-resistant
strains of S. aureus. Resistance to macrolides, on the other
hand, can occur due to mutation of the 23S rRNA encoded by
the erm gene, known as MLSB resistance, and is also referred
to as clindamycin resistance or MLSB resistance (due to efflux
mechanism encoded by the msrA gene). Failure can occur if the

treatment is applied to a strain of bacteria that contains an erm
gene, which can induce resistance (21). In our study, we identified
27 (75%) MRSA resistant strains and 10 (34.5%) MSSA resistant
strains against clindamycin which were in line with the findings
of Horvéath et al. (22), indicating that clindamycin resistance was
present in 79.1% of patients.

Study Limitations

This study was done only phenotypically. Therefore, molecular
analyses of genes responsible for biofilm formation and antibiotic
resistance are needed. Also, this study was cross-sectional with
small size of 67 samples from a single center and therefore, did
not represent an overall prevalence of biofilm forming MRSA
in hospitals in Northern Cyprus. Multicenter studies with large
number of samples collected from patients are required to
estimate the overall prevalence of biofilm forming MRSA in
hospitals across the country. In addition, the fact that teicoplanin-
resistant strains were nor confirmed by a different method (such as
the E-test) was another limitation of our study.

CONCLUSION

According to the findings of this study, S. aureus formed biofilms
and this finding was clinically significant as biofilm formation was
associated with the pathogenicity of organisms that caused device-
related infections and exhibited high resistance to antibiotics. The
CRA method used in the study to detect biofilm was reliable and
the prevalence rate of MRSA isolated from hospitalized patients
with S. aureus was high.

In the hospital setting, the wound/pus was the primary source
of S. aureus and MRSA. Tigecycline and gentamycin (100%)
were the prior drugs of choice for the treatment of S. aureus
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infections, including MRSA, followed by linezolid, mupirocin,
and daptomycin. MRSA strains exhibited multidrug resistance
and were unusually resistant to vancomycin, the drug of choice,
indicating that MRSA was a vibrant organism. As a result, this
threat can be mitigated through the implementation of sound
infection control policies, regular surveillance of the antibiotic
profile of Staphylococcus isolates to establish antibiotic policies,
and the reasonable use of antimicrobial agents. Additionally, as
this study only qualitatively presents biofilm in isolates, additional
research is recommended that further research be conducted on
the molecular mechanisms involved. There is a need for detailed
information on the molecular mechanisms underlying biofilm
formation and its relationship to other microbial processes such
as virulence and antibiotic resistance.
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ABSTRACT

Objective: In the past years, due to the increasing carbapenem resistant Enterobacterales (CRE) infection rates, colistin use has been on the rise.
Multi-drug resistant Gram-negative bacteria and colistin resistance are increasing simultaneously; therefore, an accurate method for antimicrobial
susceptibility testing of colistin is crucial. Clinical and Laboratory Standards Institute and European Committee on Antimicrobial Susceptibility Testing
recommend the standard broth microdilution (BMD) method for colistin minimum inhibitory concentration testing. In this study, we aimed to examine
the performance of BD Phoenix, MicroScan, and E-tests on CRE isolates on the determination of colistin susceptibility. The existing commercial tests
were compared to the reference BMD method.

Methods: One hundred and twenty non-duplicate clinical Enterobacterales isolates such as Klebsiella pneumoniae (K. pneumoniae), Escherichia coli
(E. coli), Enterobacter cloace (E. cloacae) were collected between August 2017 to June 2018. The BD Phoenix, MicroScan systems, and E-tests were
used to test colistin susceptibility. Commercial methods were compared with the reference method BMD.

Results: Colistin susceptibility was evaluated in 120 Gram-negative clinical isolates, including 108 K. pneumoniae, 10 E. coli, 2 E. cloacae, during the
study period. Among the isolates, 66 (55%) were susceptible, and 54 (45%) were resistant to colistin, according to BMD. BD Phoenix, MicroScan, and
E-test had 90.90%, 95.45%, and 96.96% sensitivity, respectively, when colistin was tested.

Conclusion: In routine clinical practice, the worldwide reference method can hardly be implemented, and commercially available systems are used
for the interpretation of colistin susceptibility. Colistin use is increasing for the treatment of multiresistant Gram-negative infections, further and more
extensive studies are needed for precise susceptibility testing methods for this compound. We recommend that laboratories use the BMD method
at least in selected patient groups in the face of increasing antimicrobial resistance.

Keywords: Colistin susceptibility, carbapenem-resistant Enterobacterales, broth microdilution

oz

Amag: Son yillarda artan karbapenem direncli Enterobacterales (CRE) enfeksiyon oranlarina bagl olarak kolistin kullanimi artmaktadir. Coklu ilaca
direncli Gram-negatif bakteriler ve kolistin direnci ayni anda arttigi icin, kolistinin antimikrobiyal duyarlilik testi icin dogru bir yéntemin secimi ¢ok
Snemlidir. Klinik Laboratuvar Standartlari Enstitiisti ve Avrupa Antimikrobiyal Duyarlilik Testleri Komitesi, kolistin minimum inhibitér konsantrasyon
testi icin standart sivi mikrodilisyon (BMD) yénteminin kullaniimasini dnermektedir. Bu ¢alismada, CRE izolatlari tizerinde BD Phoenix, MicroScan ve
E-testlerinin kolistin duyarliliginin belirlenmesindeki performansini incelemeyi amacladik. Mevcut ticari testler, referans BMD yontemiyle karsilastirildi.

Yéntemler: Agustos 2017 ile Haziran 2018 arasinda Klebsiella pneumoniae (K. pneumoniage), Escherichia coli (E. coli), Enterobacter cloace (E. cloacae)

gibi 120 klinik Enterobacterales izolati toplandi. Kolistin duyarliligi i¢in BD Phoenix, MicroScan ve E-test kullanildi. Referans yéntem BMD ile ticari
yontemlerin karsilastirmasi yapild.
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Bulgular: Calisma stiresi boyunca 108 K. pneumoniae, 10 E. coli, 2 E. cloacae dahil olmak tizere 120 Gram-negatif klinik izolatin kolistin duyarliligi
degerlendirildi. BMD'ye gére izolatlardan 66'si (%55) kolistine duyarli, 54’ (%45) kolistine direncli idi. BD Phoenix, MicroScan ve E-test ile kolistin

duyarliligr test edildiginde sirasiyla %90,90, %95,45 ve %96,96 idi.

Sonug: Rutin klinik uygulamada, diinya capinda referans yontemin uygulanmasi neredeyse imkansizdir ve kolistin duyarliliginin yorumlanmast icin ticari
olarak mevcut sistemler kullanilmaktadir. Coklu direngli Gram-negatif enfeksiyonlarin tedavisi icin kolistin kullanimi artmakta ve bu bilesige yonelik
hassas duyarlilik test yontemleri icin daha fazla ve daha kapsamli calismalar yapilmaktadir. Artan antimikrobiyal direng karsisinda laboratuvarlarin en

azindan segilmis hasta gruplarinda BMD yéntemini kullanmasini éneriyoruz.

Anahtar kelimeler: Kolistin duyarliligi, karbapenem direncli Enterobacterales, sivi mikrodilisyonu

INTRODUCTION

Multi-drug resistant organisms are the source of a growing burden
with challenging solutions globally. Recently, carbapenem-
resistant Enterobacterales (CRE) has become a problem
worldwide. The treatment of CRE infections is challenging, and
the available treatment options are limited (1). In the past years,
due to the increasing CRE infection rates, polymyxin use has been
on the rise (2,3).

Antimicrobial treatment should be managed carefully by
potential
susceptibility testings play an important part in antimicrobial

considering the benefits, toxicities;  therefore,
treatment guidance. The European Committee on Antimicrobial
Susceptibility Testing (EUCAST) issued the breakpoints of colistin
for Enterobacterales and reported susceptible and resistant
breakpoint of <2 mg/liter and >2 mg/liter, respectively (4). The
available methods are limited regarding the performance,
reproducibility, and accuracy for the susceptibility testing of
colistin (5,6). In 2016, the ISO-20776 standard broth microdilution
(BMD) method was recommended for colistin minimum inhibitory
concentration (MIC) testing by Clinical and Laboratory Standards
Institute (CLSI) and EUCAST (7). Other test techniques such
as gradient diffusion, agar dilution, and disk diffusion are not
suggested today. Colistin shows a poor diffusion on the agar;
therefore, the disk diffusion method has high interpretation error
levels, which decreases the reliability (8,9). Reference BMD use
is not practical to perform for susceptibility testing due to the
individual laboratory burden; also, the production and use of BMD
panels are exhausting. There are commercially produced BMD
panels as well, but those panels are expensive for most of the
hospitals. Up to this day, the accuracy of automated antimicrobial

susceptibility methods is not precise.

In this study, we aimed to examine the performance of BD
Phoenix (BD Diagnostic Systems, Sparks, MD), MicroScan
(Beckman Coulter, CA, USA) and Colistin E-tests (bioMérieux,
Marcyl'Etoile, France) on CRE isolates on the determination of
colistin susceptibility. The existing tests were compared to the
reference BMD method.

METHODS

Bacterial isolates: One hundred and twenty non-duplicate
clinical Enterobacterales isolates such as Klebsiella pneumoniae
(K. pneumoniae), Escherichia coli (E. coli), Enterobacter cloace
(E. cloacae), that were carbapenem-resistant were collected

from a tertiary research and education hospital between August
2017 to June 2018 for this study. The evaluation was performed,
prospectively, in the Microbiology Laboratory of Bozyaka Training
and Research Hospital, izmir, Turkey. The isolates were stored at
-80 °C in brain heart infusion broth medium with 10% glycerol
stocks and subcultured twice before the testing. All isolates were
inoculated on 5% Sheep Blood agar (BD Diagnostic Systems,
Sparks, MD) and EMB agar (BD Diagnostic Systems, Sparks, MD)
from the stock medium before assay. It was incubated at 37 °C for
24 hours. E. coli ATCC 25922 and clinical isolate with confirmed
MCR-1 positivity were used as the control strain for the drug-
susceptibility/resistance.

Antimicrobial powder: Sulfate salts of colistin (Carbosynth,
Compton, UK) were dissolved in distilled water, and BMD was
performed under the CLSI reference method (10). All the colistin
susceptibility tests were performed by following commercial
methods and BMD.

BMD: The BMD was carried out in duplicate accordingly the
CLSI guidelines that used cation- adjusted Mueller- Hinton broth
(Difco™ Becton Dickinson, Sparks, MD). Dilutions were prepared
with a MIC range of 0.06 mg/liter to 64 mg/liter in 96-well
polystyrene microplates (Citotest, Jiangsu, China) (7). The plates
had an incubation time of 18 to 24 hours at 37 °C. The isolates
were considered resistant when colistin MIC >2, based on the
breakpoints of CLSI and EUCAST (11,12).

Identification and colistin susceptibility testing: The isolates
were identified by using BD Phoenix (BD Diagnostic Systems,
Sparks, MD) and traditional methods. BD Phoenix and MicroScan
automated systems and E-tests were used to determine colistin
susceptibility. The manufacturer’s instructions were followed
while semi-automated systems were used for testing of colistin
susceptibility. The E-test method was performed with a colistin
strip (bioMérieux SA, Marcyl'Etoile, France) using Mueller-Hinton
agar (BD Diagnostic Systems, Sparks, MD) medium in accordance
with the manufacturers’ recommendations. The probable range
of MIC readings for each method were as follows: for BMD, <0.06
to >64 mg/liter; for BD Phoenix, <1 to >4 mg/liter; for MicroScan,
<2 to >4 mg/liter; for E-test, <0.016 to >256 mg/liter. Colistin MIC
results were interpreted according to the EUCAST breakpoints
(susceptible, <2 mg/liter; resistant, >2 mg/liter).

Statistical Analysis

Commercial methods were compared with the reference method
BMD. Rates of very major errors (VMEs), major errors (MEs),
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essential agreement (EA), and categorical agreement (CA) were
established.

The CA and EA (EA: MICs within =1 dilution of reference MICs)
were calculated as claimed by the International Organization for
Standardization (ISO) standard 20776-2 (13).

The EA was considered when the E-test MIC was £1log2 when
compared with BMD results.

The EA was not determined for BD Phoenix and MicroScan. The
MIC ranges were limited to <1, 2, 4, 24, and <2, 4, >4 mg/liter,
respectively. CA was defined as the compatibility of MIC results
with commercial kits and BMD. Although the reference method
result is resistant, VMEs are defined as the sensitivity of the
method result tested. Although the reference method result is
sensitive, MEs are defined as the resistance of the method result
tested (14).

The acceptable performance was accepted following the criteria
of the ISO as >90% for essential or category agreement and VME
<1.5%, ME <3.0% (14).

The study was conducted after it was approved by the University
of Health Sciences Turkey, izmir Bozyaka Training and Research
Hospital Ethics Committee (decision no: 02, date: 09.10.2019).

RESULTS

Colistin susceptibility was evaluated in 120 Gram-negative clinical
isolates, including 108 K. pneumoniae, 10 E. coli, 2 E. cloacae,
during the study period. MICs for E. coli ATCC 25922 were
examined, the isolates were between 0.25 and 1 mg/liter for all
testing methods (7). MICs for mcr-1 positive K. pneumoniae were
between >2 and 4 mg/liter for all testing methods. The dispersions
of colistin MICs determined by BMD and other testing methods
for the isolates are presented in Table 1. Among the isolates, 66
(55%) were susceptible, and 54 (45%) were resistant to colistin,
according to BMD (Table 2). BD Phoenix, MicroScan, and E-test
had 90.90%, 95.45%, and 96.96% sensitivity, respectively, when
colistin was tested. The comparison of performance characteristics
of different methods with BMD is presented in Table 3. The BD
Phoenix system, MicroScan and E-test failed to detect 7, 7, and
13 colistin-resistant K. pneumoniae isolates, respectively. The
commercial methods and E-test revealed poor performance in
species other than E. coli and E. cloacae.

There was >85% CA between BD Phoenix, MicroScan, E-test, and
BMD for all the 120 isolates. Although BD Phoenix, MicroScan,
and E-test resulted in close to >85%, in general VME rate was high
(10%, 7.5%, and 12.5%, respectively). E-test showed 71.17% EA.

E-tests with colistin showed higher VME rates (12.5%). BD Phoenix
had six (5%) MEs, MicroScan had three (2.5%) MEs, and E-test
had two (1.7%) MEs for colistin. None of the commercial testing
methods for colistin satisfied the CLSI-committed performance
standards for commercial AST systems (VME <1.5%, ME <3.0%,
CA >90%, EA >90%) (14). Only Micro Scan met the CA and ME
performance standards recommended by CLSI for colistin.

Reyhan Yis
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DISCUSSION

Multi-resistant Enterobacterales can cause severe infections, and
colistin is an agent used in the treatment. A false susceptible and
false resistant results in this last resort agent should be considered
equally serious. Colistin is often among the limited treatment
options. Therefore, reliable colistin susceptibility testing should
be performed before the use of colistin in clinical practice.

Multi-drug  resistant and colistin

resistance are increasing simultaneously; therefore, an accurate

Gram-negative bacteria

method for AST of colistin is crucial. The reference methodology
is MIC determination with BMD according to the ISO standard
20776-1 for AST (15).

According to EUCAST experience, it was shown that the correct
categorization was difficult, especially in MICs in the range of
2-8 mg/L
For this reason, according to our study results, MIC should be

(https://www.eucast.org/ast_of_bacteria/warnings/).

confirmed with BMD, especially for colistin determined by semi-
automated systems between 2-8 mg/liter. The EUCAST uses the
BMD method as the reference method according to the latest
recommendations of the joint CLSI and EUCAST subcommittee
on the polymyxin susceptibility testing and breakpoints (16). The
performance of commercial AST systems for colistin is as follows:
VME <1.5%, ME <3.0%, EA >90%, and CA >90%, according to
CLSI -recommended performance standards (14).

Colistin susceptibility testing studies are limited to Micro Scan.
Lee et al. (17) compared the Micro Scan system with agar dilution
as a colistin sensitivity test. They found the CA value of 87.3%
for Micro Scan. In our study, Micro Scan susceptibility testing for
colistin, the rates of VME, ME, and CA were 7.5%, 2.5%, and 90%,
respectively.

The BD Phoenix, Micro Scan, and E-test have VMEs of <1.5%
rate, which is the recommended value by CLSI (18). In this study,

MIC detected by BMD BD Phoenix Microscan E-test
(mg/L) (n) (n) (n)

<2 (n=606) 60 (90.9%)  63(95.45%) 64 (97%)
2-8 (n=13) 8(61.54%) 7 (53.85%) 3(23.08%)
16 (n=41) 37 (90.24%) 38 (92.69%) 36 (87.80%)

MIC: minimum inhibitory concentration, BMD: broth microdilution

S R

BMD 66 (55%) 54 (45%)

BD Phoenix 73 (60.8%) 47 (39.2%)
Microscan 73 (60.8%) 47 (39.2%)
E-test 79 (65.8%) 41 (34.2%)

MIC: minimum inhibitory concentration, BMD: broth microdilution, S:
susceptible, R: resistant
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CA VME ME Sensitivity
BD Phoenix 101 (85%) 13 (10%) 6 (5%) 90.9%
Microscan 107 (90%) 10 (7.5%) 3(2.5%) 95.5%
E-test 103 (85.8%) 15 (12.5%) 2 (1.7%) 97%

Positive predictive Negative predictive

SRR value value

75.9% 82.2% 87.2%
81.5% 86.3% 93.6%
72.2% 81% 95.1%

BMD: broth microdilution, CA: categorical agreement, VME: very major errors, ME: major error

the percentage of VME exceeded the recommendation of CLSI;
however, this might be caused by the limited number of isolates.
The MEs for all methods (except E-test colistin testing) also
exceeded the CLSI recommendation of >3.0% (14).

The use of semi-automated systems for diagnostic purposes
has become quite common even in microbiology laboratories
of developing countries. It is quite difficult to ensure quality at
BMD in small-scale laboratories. In addition, the scarcity of trained
technical personnel also requires the use of semi-automated
systems (19). For example, it has been reported that VitekVR 2
can be used as a reliable colistin susceptibility test method in
studies (20). In addition, another recent study reported that
colistin susceptibility testing might not be reliable with a VME
rate of 36% (21). Bartoletti et al. (22) found that VME (42%) was
common in the colistin susceptibility test performed on semi-
automated systems. According to this result, VME was associated
with inappropriate antibiotic use and worse outcomes. In another
study evaluating six commercial products for colistin susceptibility
testing in Enterobacterales, the performances of the semi-
automated systems Vitek 2 and BD Phoenix were found to be
unacceptable (due to the large number of false susceptible results)
(23). Colistin heteroresistance is defined as colistin-resistant
subpopulations. These subpopulations arise from the colistin-
susceptible population under colistin pressure. It can be proved
by the presence of skip wells in the BMD (9). A general limitation
for semi-automated systems is that they use panels/cards that
contain a certain number of colistin concentration, most of the
tests has only one or two dilutions up and down from breakpoint
for resistance. In our study, the possible range of MIC readings
for automated systems was as follows: for BD Phoenix, <1 to >4
mg/liter; and for MicroScan, <2 to>4 mg/liter. Semi-automated
systems commonly exhibit false-sensitivity results, possibly due
to the presence of colistin hetero-resistant subpopulations (24).
Limited colistin concentrations used in semi-automated systems
may not be able to detect colistin heteroresistance due to the
presence of skip wells observed in BMD.

Several studies stated that there were methodological
difficulties in colistin MIC (25,26). In some studies, different
susceptibility testing methods were reviewed (27,28). Recently,
Micro Scan Microbiology Systems, Beckman Coulter Inc,,
conducted an experiment that revealed that the addition of
polysorbate-80 caused higher colistin MICs higher (29). BMD
without polysorbate-80 supplementation is the current reference
method (7).

The E-test allows evaluation of the wider colistin MIC range.
However, poor diffusion of the large colistin molecule in the agar
causes errors in the interpretation of the results. Colistin E-tests
have varying error rates, and the E-test is not an adequate testing
method (7,17,30,31). After an E-test, the highest reported rate of
VMEs of colistin was 41.5% (17). In our study, the rates of VME, ME,
and CA for E-tests were 12.5%, 1.7%, and 85.8%, respectively. EA
was particularly poor for E-tests (71.17%) in our study, which could
be due to the poor diffusion of colistin molecules causing inhibition
of a narrow zone close to the MIC. Colistin disk diffusion testing is
also unreliable due topoor diffusion of colistin molecules (18,31,32).

Study Limitations

Our study had some limitations. First of all, the number of species
other than K. pneumoniae used to determine the compatibility
of colistin susceptibility tests was insufficient. In addition, the
inability to include Gram-negative non-fermentative rods in the
study might be another limitation.

CONCLUSION

This study evaluated automated systems and E-test for colistin
MIC determination. According to our results, the reference BMD
method should be performed for colistin MIC determination.
Colistin MIC should be confirmed with BMD, particularly by using
automated systems between 2-8 mg/liter.

The data on the use of colistin in clinical treatment is limited. The
subjects related to colistin susceptibility testing methods remain
unclear. BMD requires experienced staff, and manual preparation
of antibiotic solutions, therefore, is time-consuming and hard to
perform in routine laboratories. Nevertheless, BMD is the only
test that is recommended by EUCAST and CLSI until further
studies are carried out.

In routine clinical practice, the worldwide reference method can
hardly be implemented, and commercially available systems are
used for the interpretation of colistin susceptibility. Colistin use
is increasing for the treatment of multiresistant Gram-negative
infections, further and more extensive studies are needed for precise
susceptibility testing methods for this compound. We recommend
that laboratories use the BMD method at least in selected patient
groups in the face of increasing antimicrobial resistance.

Ethics Committee Approval: The study was conducted after it was
approved by the University of Health Sciences Turkey, izmir Bozyaka
Training and Research Hospital Ethics Committee (decision no: 02, date:
09.10.2019).
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ABSTRACT

Objective: The aim of this study is to evaluate the effects of dietary changes on late phase of allergic reaction in patients with allergic rhinitis (AR) by
measuring eosinophilic cationic protein (ECP), interleukin (IL)-4 and IL-31 levels.

Methodes: Sixty participants (40 patients with AR and 20 healthy control subjects) were included in this study. Forty patients with confirmed diagnosis
of AR were randomly divided into two groups, all patients were prescribed the same treatment, intranasal azelastine hydrochloride. Patients in group
1 were asked to change their diet from Western to Mediterranean diet by eliminating processed meat, processed sugar, and polyunsaturated fatty
acids. Blood samples of every subject were driven at the beginning and three months later to study ECP, IL-4 and IL- 31 levels. By using ELISA method
IL-4 and IL-31 levels were determined and compared between healthy volunteers and patients.

Results: There was a significant difference in terms of ECP levels in group 2. The posttreatment ECP levels were significantly higher than pretreatment
levels in group 2 (p=0.025 and p<0.05). There was no significant difference in terms of other parameters.

Conclusion: In our study, we showed that the laboratory parameters associated with AR were positively affected by the Mediterranean diet.

Keywords: Allergic rhinitis, diet, eosinophil cationic protein, interleukin-4, interleukin-31

oz

Amag: Bu calismanin amaci, alerjik rinitli (AR) hastalarda diyet degisikliklerinin alerjik reaksiyonun geg fazindaki etkilerini eozinofilik katyonik protein
(ECP), interlokin (IL)-4 ve IL-31 dizeylerini dlcerek degerlendirmektir.

Yéntemler: Bu calismaya 60 katilimer (AR'li 40 hasta ve kontrol grubuna 20 saglikl birey) dahil edildi. AR tanisi dogrulanmis 40 hasta rastgele iki gruba
ayrildi, tim hastalara ayni tedavi, intranazal azelastin hidroklorur, verildi. Grup 1 hastalarina diyetlerinden islenmis et, islenmis seker ve coklu doymamis
yag asitlerini ortadan kaldirarak Akdeniz tipi beslenmeye uygun beslenmeleri séylendi. Her denekten ECP, IL-4 ve IL-31 dizeylerinin &lctilmesi igin
baslangicta ve l¢ ay sonra kan 6rnegi alindi. Elde edilen veriler istatistiksel olarak incelendi.

Bulgular: Grup 2'de ECP diizeylerine gdre anlamli bir fark saptandi. Grup 2'de tedavi sonrasi ECP dlizeyleri tedavi dncesi degerlere gore anlamli

derecede ylksekti (p=0,025 ve p<0,05). Diger parametreler agisindan anlamli bir fark yoktu (p>0,05).

Sonug: Calismamizda AR ile iliskili laboratuvar parametrelerinin Akdeniz diyetinden olumlu yénde etkilendigini gosterdik.

Anahtar kelimeler: Alerjik rinit, diyet, eosinofil katyonik protein, interlkin-4, interlokin-31

INTRODUCTION

Allergic rhinitis (AR) is a common nasal inflammatory disease
characterized by runny nose, itching and nasal congestion (1).
AR is categorized as intermittent or persistent according to the

frequency and duration of symptoms (2). AR, which is accepted

as the most common chronic disease in children by the World
Health Organization, affects 10-30% of children in developed
countries and its prevalence has increased worldwide, especially
in industrialized countries (3-5). It has been hypothesized that a
change in lifestyle, especially dietary habits, is considered as an
important factor of AR development (4).
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AR is chronic inflammatory disease of nasal airway. Imbalance
in T helper 1 (Th1)/T helper 2 (Th2) response is responsible for
this allergic reaction (6). Eosinophils and released mediators
promote Th2 maturation and shift in response contributes to AR
(7). Eosinophils and mediators localized in their granules such
as eosinophilic cationic protein (ECP) are effectors in allergic
reactions such as AR (8,9). ECP has been measured in body fluids,
including serum, and nasal secretions of patients with allergic and
other inflammatory diseases (10).

One of the key cytokines in Th2 maturation and shifting is IL-4.
IL-4's receptor shares same receptor subunit with IL-13 receptor
which induces IgE isotype switching, T-cell population shifts to
Th2 cell (11,12). IL-4 also promotes eosinophils and Th2 migration
to the inflammatory site (13). In addition to these effects, it has
been reported that IL-31 is produced by many cell groups in the
presence of IL-4, and this triggers Th2-mediated inflammation
(14). It is thought that IL-31 is produced by many cell groups in
the presence of IL-4, and this triggers Th2-mediated inflammation
(14).

The IL-31 is another effector cytokine of Th2. It plays important
role in the pathogenesis of atopic and allergic diseases. IL-31
is released from activated Th2 cells (15). Antigen-induced IL-31
production in the AR process has a special and independent role
in the pathophysiology of AR, unlike other Th2 cytokines such as
IL-5 and IL-13 (16).

Environmental exposures, climate changes and lifestyle are
important risk factors for AR. Many hypotheses are considered
for the development of allergies. One of these hypotheses is
the triggering effect of allergic inflammation of the Western diet
(WD), which is rich in antioxidants and rich in polyunsaturated
fatty acids (17). It is hypothesized that increased consumption of
high protein and fatty foods and processed dairy products and
less consumption of fresh fruits, vegetables and whole grains
in the WD contribute to AR (18). Mediterranean diet (MD) is
characterized by high intake of fruit, vegetables, fish and olive
oil (19). It is characterized with balanced ratio of n-6/n-3 essential
fatty acids, fiber, antioxidants and monounsaturated fatty acids
and anti-oxidants such as fresh fruits and vegetables (20,21). It is
hypothesized to have a protective effect on chronic inflammatory
airway diseases such as asthma and AR (22-24).

In this study, the effects of removing trans fatty acids, milk, and
dairy products from the diets of patients diagnosed as having
persistent AR by prick test, that is, converting a WD to a MD, on
serum IL-4, IL-31 and ECP levels were evaluated.

METHODS

This study was conducted prospectively on patients and volunteers
who were admitted to Istanbul University-Cerrahpasa, Cerrahpasa
Medical Faculty Ear Nose Throat Department's Allergy Clinic
with the approval of Istanbul University-Cerrahpasa, Cerrahpasa
Faculty of Medicine Clinical Research Ethics Committee (no:
83045809/18849, date: 12.07.2013).
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Forty patients with AR were included in this study. Informed
consent form was obtained from each subject or subject’s
custodian for under aged subjects. All patients were questioned
for allergic symptoms, endoscopic nasal examinations were
performed, and skin prick tests were planned. The skin prick
test (Multi Test®, Lincoln Diagnostics Ltd, USA) was performed
according to European Academy of Allergology and Clinical
Immunology guidelines to support the diagnosis of allergy and to
determine the allergen or allergens in the etiology of the disease.

The exclusion criteria were as follows: lack of mental capacity, history
of anaphylaxis, being diagnosed as having vasomotor rhinitis or
non-AR, having any other positive allergic reaction on prick test,
presence of a chronic disease, use of any medication, alcohol
dependence and smoking, and refusing to participate in the study.
Considering these criteria, 40 patients, with allergic symptoms and
positive prick test only for house dust mite Dermatophagoides
farinea and/or Dermatophagoides pyteronysinus, were included
in the study. The control group was composed of 20 healthy
individuals aged 18 to 49 years with negative prick test.

Patients were randomly divided into two groups. Patients in group
1 were prescribed azelastine hydrochloride two times daily and
given a list that contained banned and allowed foods and a check
list to mark the progress each day. Dairy products, processed
sugar and trans fatty acid consumptions were restricted. Group
2 was only prescribed azelastine hydrochloride twice a day and it
was stated that they could eat whatever they wanted. The control
group was named as group 3.

A full ENT examination was performed every month for each
patient and the diet check lists of the patients in group 1 were
controlled. Five cc of venous blood was collected from all patients
at the beginning of the study (Day 0) and at third month (3¢
Month) for measuring ECP, IL-4 and IL-31 levels, and restored in
a -70 °C refrigerator. Control group’s blood samples were only
collected at the beginning to measure IL-4 and IL-31 levels. ECP
was not allergy specific and therefore it was not studied in the
control group (9,10).

ECP

Blood samples from each patient were collected in anti-coagulant
free tube by the same nurse, tubes were slowly turned upside
down for 5 times, restored 1-2 hours at the room temperature,
then studied in the laboratory.

ELISA Detection Method

Human IL-4 ELISA Kit Diaclone® (France) and Human IL-31 ELISA
Kit Diaclone® (France) were used to determine the concentration
of IL-4 and IL-31 levels in serum samples. Standard and samples
were read with 450 nm reading filter and linear regression analysis
was used to calculate results.

Statistical Analysis

Statistical analysis was performed with SPSS Version 21.0 (SPSS
Inc., USA) program. It was evaluated whether the groups showed
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normal distribution by Kolmogorov-Smirnov test. Homogeneity
of variances was evaluated by Levene test. The values of the
parameters in groups at the beginning and the end of the research
were analyzed with Wilcoxon signed-ranks test. The comparison
between the groups was performed with the Kruskal-Wallis test.
Paired comparison of groups was performed with Mann-Whitney
U test. Bonferroni correction was used to counteract the multiple
comparisons problem. The significance level was accepted
as p<0.05. The significance level for Mann-Whitney U test with
Bonferroni correction was accepted as p<0.025.

RESULTS

Twenty-three of 40 patients (57.5%) were female, and 17 of 40
patients (42.5%) were male. Group 1 had 9 (45%) female 11 (55%)
male patients, mean age was 18.95+£9.16, and range was 6-36
years. Group 2 had 14 (70%) female, 6 (30%) male patients, mean
age was 22.58+9.19, and range was 8-36 years.

The ECP levels of group 1 and 2 and their comparisons were
given in Table 1. In the evaluation made in terms of the ECP
levels, a statistically significant difference was found between the
beginning of the research and the end of the 3 month in group 2
(p=0.025). In other comparisons made in terms of ECP values, no
statistically significant difference was found in the groups (p>0.05)
(Table 1).

IL-4 levels of groups were given in Table 2. A statistically significant
difference was found between the groups in terms of the IL-4
values at the beginning of the research (p=0.001 and p=0.001,
respectively). In paired comparison of the groups, IL-4 levels in
group 1 and 2 were found to be statistically significantly higher
than the control group at the beginning (p=0.001 and p=0.001,
respectively). However no statistically significant difference was
found in the comparison between patient groups (p=0.704). And
also, a statistically significant difference was found between the
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patient and control groups in terms of the IL-4 levels at the end
of the research (p=0.001 and p=0.001, respectively). In paired
comparison of the groups, IL-4 levels in both group 1 and 2 were
found to be statistically significantly higher than the control group
at the end of the research (p=0.001 and p=0.001, respectively).
However, no statistically significant difference was found in the
comparison between patient groups (p=0.913). There was no
statistically significant difference between the patient groups in
the comparison made in terms of the initial and final IL-4 levels
(p=0.925 and p=0.432, respectively) (Table 2, 3).

The IL-31 levels of groups were given in Table 2. A statistically
significant difference was found between the patient and control
groups in terms of the IL-31 levels at the beginning of the research
(p=0.001). In paired comparison of the groups, IL-31 levels in
both group 1, 2 were found to be statistically significantly higher
than the control group at the beginning (p=0.001 and p=0.001,
respectively). However, no statistically significant difference was
found in the comparison between patient groups (p=0.542).
And a statistically significant difference was found between the
patient and control groups in terms of the IL-31 levels at the end
of the research (p=0.125). In paired comparison of the groups,
IL-31 levels in both group 1 and 2 were found to be statistically
significantly higher than the control group at the end (p=0.001
and p=0.001, respectively). However no statistically significant
difference was found in the comparison between patient groups
(p=0.125). There was no statistically significant difference in both
groups in the comparison made in terms of the initial and final IL-
31 levels (p=0.709 and p=0.341, respectively) (Table 3, 4).

DISCUSSION

AR is one of the most common allergic diseases (1). In addition
to genetic predisposition, many environmental factors have
an effect on this disease (17). One of these factors is eating
habits (17). In this study, we applied a MD in addition to local

Before treatment
ECP day O
Median (min-max)

Group 1(n=20) (pg/L) 48.75 (5.48-108)
Group 2 (n=20) (pg/L) 32.6 (4.56-90.8)
pr* 0.138

After treatment

3 month p*
Median (min-max)

59.95(13.3-152) 0.179
49.65 (18-201) 0.025
0.433

ECP: eosinophilic cationic protein, min: minimum, max: maximum, *Wilcoxon signed-ranks test p<0.05, **Mann-Whitney U test with Bonferroni Correction p<0.025

Day 0
Median (min-max)

0.41(0.04-2.04)

IL-4

Group 1 (n=20) (pg/mL)

Group 2 (n=20) (pg/mL) 0.34 (0.14-0.73)
Group 3 (n=20) (pg/mL) 0.2 (0.18-0.31)
p* 0.001

3" month

p**
median (min-max)
0.38 (0.17-2.03) 0.925
0.38 (0.18-1.46) 0.432
0.001

*Kruskal-Wallis test p<0.05, **Wilcoxon signed-ranks test p<0.05, min: minimum, max: maximum, IL: interleukin
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IL-4 IL-31
Compared 3 3
grofps 2E7 month Day 0 month
. 1-2 0.704 0.913 0.542 0.125
P 1-3 0.001 0.001 0.001 0.001
2-3 0.001 0.001 0.001 0.001

*Mann-Whitney U test with Bonferroni correction p<0.025

Day 0 3" month
IL-31 Median (min-  Median (min- %2
max) max)

Group 1 (n=20) (pg/mL) 21.2(0.19-138) 21.4(0.19-81.4) 0.709

Group 2 (n=20) (pg/mL) 18.74 (0.19-85) 18.74(0.19-100) 0.341
Group 3 (n=20) (pg/ml) 3.1 (0.2-7.5)
p* 0.001 0.001

*Kruskal-Wallis test p<0.05, **Wilcoxon signed-ranks test, IL: interleukin,
min: minimum, max: maximum

treatment in patients with AR. As a result, there was no significant
increase in ECP level, which was an indicator of systemic
inflammation, at the end of the study in the group fed with MD,
while a significant increase was observed in the free-fed group
(p=0.025). In addition, IL-4 level, which had an important role in the
inflammation mechanism due to AR, decreased in the MD group,
while an increase was observed in the free-fed group. However,
this change was not statistically significant (p=0.925). There was
no significant difference in terms of IL-4 levels between the two
patient groups after treatment (p=0.913). Although IL-31 level,
which was involved in the pathogenesis of AR and was associated
with disease severity, decreased in both groups, and this decrease
was not significant (p=0.709 and p=0.341, respectively). There was
no significant difference in terms of IL-31 levels between the two
patient groups after treatment (p=0.125).

Turkey is geographically located in the easternmost part of the MD
belt. However, in parallel with the socio-cultural life in Turkey, of
which integration with the West is increasing, it has begun to shift
to WD. We planned this study to examine the possible effects of
this change on patients with AR. Since nutrition was a physiological
event with systemic effects, we chose local treatment to minimize
the systemic effects of AR with the treatment we would give,
and for the same reason, we used azelastine hydrochloride, an
antihistamine, locally, instead of corticosteroids. ECP is the major
protein in AR and its serum levels correlate with AR (10,25). IL-4
and IL-31 are involved in the pathophysiology of AR (16,26,27). IL-
31 levels also correlate with the severity of the AR clinic (28,29). By
determining the levels of these markers, we aimed to determine
both the effect of nutrition on the inflammatory process associated
with AR and the possible effect on the clinical severity of AR.

Eosinophils are cells that are at the center of allergic reactions.
ECP is secreted from the granules in these cells in the last
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phase of allergic reactions, and the ECP level is higher in
patients with AR than in non-allergic patients and shows
a positive correlation with AR (8-10,25). In our study, ECP
levels increased during the study period in both patient
groups, probably due to the fact that a systemic anti-allergic
treatment was not used. However, while this increase was
statistically significant in the free-fed group (p=0.025), no
significant increase was observed in the Mediterranean-type
fed patients. This result may show us that the MD reduces
inflammation associated with AR.

The IL-4 is involved in the development and maintenance of
allergic inflammation seen in airway mucosa of patients with
allergic respiratory disorders, such as AR (30,31). IL-4 plays a
critical role in the pathogenesis of AR, especially in the late
phase of the disease (32). While the level of this marker, which
was directly related to inflammation in AR, increased in the free-
fed group in our study, it decreased in the Mediterranean-type
fed patient group. This result can be interpreted that MD reduces
allergic inflammation.

The IL-31 levels increase in AR and its levels correlate with the
clinical severity of the disease (33). No significant difference was
found in the statistical analyzes of IL-31, which was the marker
most closely associated with the AR clinic among the laboratory
parameters we examined in our study. This can be explained by
the small number of patients and the short study period.

Study Limitations

There were some limitations of this study, in which we examined
the relationship between MD and laboratory parameters of AR.
The first of these was that we determined a short study period of
3 months to evaluate the parameters of AR, which was a chronic
disease. The shortness of this period was in order to ensure the
compliance of the patients with the diet. Our most important
limitation was the small number of patients included in our study.
This was because our budget was limited for the kits we used for
laboratory evaluation.

CONCLUSION

AR is one of the most common chronic allergic diseases. This
disease, which is affected by many environmental factors, may
also be affected by the type of nutrition. As a result of our study,
we determined that the laboratory parameters associated with AR
were positively affected by the MD. Based on the results of our
study, we may say that WD may negatively affect AR, while MD
may reduce inflammation of AR and severity of AR.
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ABSTRACT

Objective: Researchers described several anatomical landmarks, a method of identification of the cystic structures referred as “critical view of safety”,
and operative techniques to avoid vascular and biliary injuries due to the laparoscopic cholecystectomy (LC). In this present study, we aimed to
determine the frequencies, variations, and significance of Rouviere's sulcus (RS) in the context of difficult laparoscopic cholecystectomy (DLC).

Methods: The video records of 102 patients with gallbladder disease who underwent LC were reviewed. DLCs were determined according to Tokyo
Guidelines. RS type and dimensions, if present, were noted. The features of RS were shown using descriptive statistics and collected data were
analyzed using SPSS version 25.0.

Results: Out of 102 patients RS was present in 80 (78.4%) patients. The most frequent type of the sulcus was horizontal, less frequently oblique, and
rarely vertical. The most frequent sulcus type was type 1A, less frequently type 1B and type 2, and rarely type 3. The average dimension was 12.5 mm
in length and 6.9 mm in width. A vessel or a biliary structure was commonly seen in type 1A sulci. We identified almost half of the cholecystectomy
operations as DLCs and the RS was present in two-third of these DLCs while the RS was present in majority of standard LC. LC was performed in
majority of the patients except for four patients in whom open surgery was preferred due to intense inflammation. No mortalities or bile duct injuries
were identified.

Conclusion: The frequency and type of RS in this sample from Turkey were found to be like the reports in literature. When available (present and
visualized), RS contributes a lot to the safety measures of LC. When it comes to DLCs, the availability and convenience of RS might be limited or
misleading for surgeons.

Keywords: Rouviere's sulcus, laparoscopic cholecystectomy, liver, anatomy

(074
Amacg: Arastirmacilar, laparoskopik kolesistektomide (LK) birkag anatomik déniim noktasi, “critical view of safety” olarak adlandirilan kistik yapilarin

tanimlanmasi igin bir yontem ve vaskdiler ve biliyer yaralanmalardan kaginmak icin ameliyat teknikleri tanimladilar. Bu calismada, zor laparoskopik
kolesistektomi (ZLK) ameliyatlari baglaminda Rouviere sulkusunun (RS) sikligini, varyasyonlarini ve énemini belirlemeyi amagladik.

Yéntemler: Safra kesesi hastaligi olan ve LK yapilan 102 hastanin video kayitlari incelendi. ZLK'ler Tokyo Rehberi'ne gére belirlendi. RS tipi ve varsa
boyutlari not edildi. RS'nin 6zellikleri tanimlayici istatistikler kullanilarak belirtildi ve toplanan veriler SPSS siirtim 25.0 kullanilarak analiz edildi.

Bulgular: Yiz iki hastanin 80'inde (%78,4) RS mevcuttu. Sulkusun en sik goriilen tipi yatay tip idi, daha az siklikla oblik tip ve nadiren dikey tip idi. En sik
gorllen sulkus tipi tip 1A, daha az siklikla tip 1B ve tip 2 ve nadiren tip 3 idi. Ortalama boyut, 12,5 mm uzunlugunda ve 6,9 mm genisligindeydi. Tip 1A
sulkuslarda yaygin olarak bir damar veya safra yapisi goérildu. Kolesistektomi operasyonlarinin neredeyse yarisini ZLK'ler olarak belirledik ve bu ZLK
uygulanan hastalarin lcte ikisinde RS mevcutken, standart LK'lerin cogunda RS mevcuttu. Yogun enflamasyon nedeniyle acik cerrahinin tercih edildigi
dort hasta diginda hastalarin coguna LK uygulandi. Hicbir 6lim veya safra kanali yaralanmasi tespit edilmedi.

ORCID IDs of the authors: E.A. 0000-0003-2069-1577; M.K. 0000-0002-0596-2386; M.B. 0000-0001-8513-681X; B.K. 0000-0002-6757-4960;
H.A.B. 0000-0003-2291-0884.

Corresponding Author/Sorumlu Yazar: Burak Karip, Received Date/Gelis Tarihi: 31.01.2022 Accepted Date/Kabul Tarihi: 28.06.2022

E-mail: krpbrk@gmail.com ©Copyright 2022 by University of Health Sciences Turkey, Gaziosmanpasa
Training and Research Hospital. Available on-line at www.jarem.org

OTelif Hakki 2022 Saglik Bilimleri Universitesi, Gaziosmanpasa Egitim ve Arastirma
Hastanesi. Makale metnine www.jarem.org web sayfasindan ulagilabilir.



https://orcid.org/0000-0003-2069-1577
https://orcid.org/0000-0002-0596-2386
https://orcid.org/0000-0001-8513-681X
https://orcid.org/0000-0002-6757-4960
https://orcid.org/0000-0003-2291-0884

Acet et al.
Frequencies, Variations, Significance of Rouviere's Sulcus

J Acad Res Med 2022;12(2):71-7

Sonug: Turkiye'den bu 6rnekte; RS sikligi ve tipi literatlrdeki raporlara benzer bulundu. RS mevcut oldugunda (mevcut ve gorsellestiriimis), LK'nin
guvenlik énlemlerine ¢ok katkida bulunur. ZLK'ler s6z konusu oldugunda, RS'nin mevcudiyeti ve uygunlugu cerrahlar icin sinirli veya yaniltici olabilir.

Anahtar kelimeler: Rouviere sulkusu, laparoskopik kolesistektomi, karaciger, anatomi

INTRODUCTION

Gallstones are frequently seen clinical entities causing
significant morbidity and mortality in the United States and
when associated with symptomatic gall bladder disease, they
require surgical removal (1). Similarly, cholecystectomy is the
most performed surgical procedure after caesarean section in
Turkey. It was reported that more than 120,000 cholecystectomies
were performed by surgeons working in state hospitals per
2017 due to the State Hospitals Report of Turkey (2). After the
introduction of laparoscopic cholecystectomy (LC) by Erich Mihe
of Germany on September 12, 1985 under direct scope vision,
it has been accepted rapidly and become the gold standard
surgical procedure for treatment of gallbladder stones due to its
advantages such as need for smallincision, short hospital stay, cost-
effectiveness, and others (3). Despite its advantages, biliary duct
injury rates increased significantly at the beginning and showed a
fluctuating course during the past three decades. Vasculobiliary
injuries, one of the most feared iatrogenic complications, have
been encountered in 0.3-0.6% of LCs. Although the mortality
rates declined from 90-100% to 2-4%, thanks to the evolution of
diagnosis and treatment of these injuries, morbidity is still as high
as 40-50% (4,5). Misidentification of the bile duct anatomy is the
prominent reason for these iatrogenic injuries to the bile ducts or

hepatic arteries.

Some safety measures and anatomical landmarks have been
proposed to avoid these iatrogenic injuries (6). The most well-
known and accepted identification technique is the critical view of
safety (CVS). The CVS has three components: dissecting fat and
fibrous tissues at the triangle of Calot, separating the lowest part
of the gallbladder from the cystic plate, which is the flat fibrous
surface to which the non-peritonealized side of the gallbladder
is attached, and lastly defining two structures, and only two,
entering the gallbladder (7). Once these three criteria have been
met, the CVS has been secured. In addition, the imaginary line
between Rouviere'’s sulcus (RS) and umbilical fissure at the base
of segment IVb of the liver to the hepatic ligament was defined
as R4U line, and dissecting ventrally to this was suggested to be
safe to achieve CVS while avoiding bile duct injuries during LC
operations (6,8,9).

The RS is a transverse sulcus on the inferior surface of the right
lobe of the liver, running to the right of the hepatic hilum. It
was first described by Henrie Rouviere in 1924 and named as
“sillon du processus caudé”. Gans named it “incisura dextra” in
1955, Couinaud modified it as “le sillion du processus caudé de
Rouviere” in 1957, and it was used as "incisura dextra of Gans” in
1991. Subsequently, the researchers preferred the term “RS” (8).
RS is seen best when the gallbladder neck is retracted towards

the umbilical fissure during LC (10). This anatomical landmark,
laparoscopically easily identified structure was thought to be
unaffected from inflammation of the gallbladder and biliary
tract. On the other hand, in difficult cholecystectomy surgeries,
the identification and feasibility of this sulcus are not established
well. Inflammation around the hilum of the liver and gallbladder
can interfere with safe dissection (11). The anatomical researchers
reported the presence of RS in 11-82% of the livers, either as open
or fused type, perhaps due to geographical differences (12,13).

In this present study, we aimed to determine the frequency of RS
in Turkish population and assess its surgical relevance and impact
in difficult cholecystectomy operations (LCs).

METHODS
Study Subjects

This retrospective descriptive study was conducted in
coordination with the University of Health Sciences Turkey
Gaziosmanpasa Training and Research Hospital. We obtained the
Ethics Committee approval from the University of Health Sciences
Hamidiye Scientific Research Ethics Committee (decision no:

12/9, date: 02.04.2021).

In accordance with ethical provisions, LC video records of 102
patients who were operated in between August 2019 and
December 2019 were reviewed. The patients who were older than
18 years and presented to the hospital with symptomatic benign
gallbladder disease secondary to gallstones were included.
Patients with previous upper abdominal surgeries (laparoscopic
or open) and suspected malignant diseases were excluded. The
consent form was not required in this study because it was a
retrospective study.

Procedure

The four-trocar LC method was preferred in all patients. After
dissecting the hepatocystic triangle (also known as Calot’s
triangle), two structures entering the gallbladder were identified,
clipped, and cut. Intraoperative findings related to inflammation
of the gallbladder, like fibrotic adhesions, edematous, necrotic,
or easily bleeding at dissection were identified according to
the video records. As outlined and recommended in Tokyo
Guidelines (14); we attempted to assess intraoperative findings
as objective indicators of surgical difficulty and when we did
not obtain a CVS, we converted to open cholecystectomy or
other bail-out procedures, and it was evaluated as difficult
cholecystectomy (14). The RS was identified when seen at any
moment of the entire video record and classified according to
the Péré et al.’s (8) classification (Table 1). Directions of RS were
classified as horizontal, vertical, or oblique according to Cantlie’s
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line (15). The dimensions of RS were measured intra-operatively
by a ruler or a feeding tube. If the length was not measured
intra-operatively, the measurement was performed on the video
screen by comparing it with a known sized instrument such
as a dissector. Also, we noted any other sulcus-like structures
during the evaluation of the records. We conducted a cadaveric
dissection. After opening the abdominal cavity, the falciform
ligament was cut off. The liver was released from the visceral
surface, keeping the gallbladder in the statute. The section at
the falciform ligament was advanced to the coronal ligament and
the coronal ligament with the right and left triangular ligaments
were cut off. The free border of the lesser omentum and hepatic
portion of the inferior vena cava were cut off. The diaphragmatic
surface through which inferior vena cava passed was cut off, and
the liver was released (Figure 1). After dissection of the hepatic
tissue around the RS, we exposed the right portal vein of the
liver sulcus (Figure 2).

Statistical Analysis

According to the power analysis result using G power 3.1.9.7
version, we determined that a total of 108 images should be
obtained with 80% effect size and 95% power ratio. The features
of RS were displayed using descriptive statistics and collected
data were analyzed using SPSS version 25.0 (IBM SPSS Statistics
for Windows. Armonk, NY: IBM Corp.). The analysis of RS presence
was performed using chi-squared test. The statistically significant
value was set as p<0.05.

Type TA A deep sulcus, open at the hilar side

Type 1B A deep sulcus, closed at the hilar side

Type 2 Slit-like sulcus

Type 3 Scar-like sulcus appears as a white line of fusion

Figure 1. At the visceral surface of the liver Rouviere’s (type 1A)
sulcus exposed
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RESULTS

Out of the 102 patients included in the study, 70 (68.6%) were
female and 32 (31.4%) were male patients. The mean ages were
43.71 and 51.06, respectively. Out of the 102 patients, RS was
present in 80 of 102 patients (78.4%).

In terms of the direction of RS, the most frequent type of the
sulcus was horizontal, less frequently oblique, and rarely vertical
(Table 2). In terms of morphology of the sulcus; the most frequent
type was type 1A (a deep sulcus which was continuous medially
within the hilum of the liver, Figure 3), less frequently type 1B (a
deep sulcus which was fused medially, Figure 4) and type 2 (slit-
like, superficial and narrow, Figure 5), and rarely type 3 (as a scar,
since it appeared as a fused line, Figure 6) (Table 2).

In terms of dimension of the sulcus, the average dimension was
12.5 mm in length and 6.9 mm in width. We measured the width
only in deep ones. A vessel or a biliary structure was frequently
seen in type 1A sulci. We also noted additional sulci at the inferior
surface of the right liver in 25 of 102 (24.5%) video records. They
were in various dimensions and directions, but two of them were
very close to RS and thought to be duplicate RS at first sight
(Figure 7, 8).

Out of the 102 operations, 48 (47.1%) were classified as difficult
laparoscopic cholecystectomies (DLCs) according to the Tokyo
Guidelines (14). We identified the RS in 29 of 48 (60.4%) of DLC
operations while identified the RS in 51 of 54 (94.4%) standard LCs
(p<0.01) (Table 3).

The LC was performed in 98 of 102 (96.1%) patients. The surgeons
converted to open surgery in 4 patients (3.9%) because of intense
inflammation around the Calot's triangle which prevented the
achievement of CVS. One patient appeared to have Mirizzi's
syndrome type 3, and a T-tube was placed after cholecystectomy.

There were no mortalities or bile duct injuries.

DISCUSSION

In this present study, the RS was present in most patients and
was nicely visible during laparoscopy, being visible in one form

Figure 2. The right portal vein of the liver within the sulcus
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or another such as a sulcus, or a variation. It was visible in 78.4% type 1A (a deep sulcus which was continuous medially within the
of the patients. In terms of the direction of RS, the most frequent hilum of the liver), less frequently type 1B (a deep sulcus which
type was horizontal, less frequently oblique, and rarely vertical. In was fused medially) and type 2 (slit-like, superficial and narrow),
terms of morphology of the sulcus, the most frequent type was and rarely type 3 (as a scar, since it appeared as a fused line). In

Figure 4. Type 1B Figure 5. Type 2
Table 2. The morphology and direction of the sulcus of Rowviere's suleus
Rouviere's sulcus type Horizontal Oblique Vertical Total %
Type 1A 39 11 1 51 63.75
Type 1B 4 9 1 14 17.50
Type 2 2 4 1 7 08.75
Type 3 4 4 - 8 10.00
Total 49 28 3 80 -
% 61.25 35.00 375 100

Rouviere's sulcus

Available Absent Total P
Normal LC 51 (94.4%) 3(5.6%) 54 (100%) 0.001
DLC 29 (60.40%) 19 (39.6%) 48 (100%) <0.01
Total 80 (78.40%) 22 (21.60%) 102 (100%) -

Chi-square test; x?=17.394; df=1
LC: laparoscopic cholecystectomy, DLC: difficult laparoscopic cholecystectomy, df: degrees of freedom
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Figure 6. Type 3
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terms of dimension of the sulcus, the average dimension was 12.5
mm in length and 6.9 mm in width. A vessel or a biliary structure
was commonly seen in type 1A sulci. We also observed additional
sulci at the inferior surface of the right liver in one fourth of the
patients with various dimensions and directions. We identified
almost half of the cholecystectomy operations as DLCs and the RS
was present in two-third of these DLCs while the RS was present
in majority of standard LCs. Finally, LC was performed in majority
of the patients except for four patients in whom open surgery was
preferred due to intense inflammation around the Calot's triangle
which prevented the achievement of CVS. No mortalities or bile
duct injuries were identified (15).

The frequency of RS (78.4%) in this present study is similar to
the frequencies reported in the literature, ranging from 68 to
90.6% (16). According to a recent meta-analysis, overall pooled
prevalence of RS was 83% (95% confidence interval: 78-87), which
was similar to our results. In addition, no significant differences
were found in terms of prevalence between cadaveric studies
and laparoscopic studies (17). When we compared difficult and
normal cholecystectomies, we found a significant difference
in terms of frequencies. Since laparoscopic studies differ

Figure 7. Double RS 1

RS: Rouviere's sulcus

Figure 8. Double RS 2

RS: Rouviere’s sulcus
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Figure 9. RS was not available due to chronic adhesions or was absent in normal and inflammatory patients

RS: Rouviere's sulcus

from cadaveric ones, the first no harm rule must be obeyed.
Dissection around the inflamed area might cause injury to
adjacent tissue including the common bile duct, portal vein,
hepatic artery, duodenum, or colon. So, additional dissection
was not performed to identify RS (18). This may cause inability to
see RS due to inflammation around. Moreover, other fissures can
be misidentified as RS and can be misleading surgeons during
difficult cholecystectomies.

The clinical significance of the types of RS is still unclear (17). It has
not been associated with a clinical condition so far. Emphasis is
placed on the ability to guide the surgeon to the dissection site,
and when there is an RS, it guides well. The CVS is not a dissection
method but an identification tool to prevent bile duct injuries. If
a surgeon cannot perform safe dissection and achieve CVS, bail-
out strategies should be used freely for patient safety. As the
inventor of CVS Strasberg and Brunt (7) once said, “The simple
method to handle the difficult gallbladder is do not handle!".
Those patients should be evaluated carefully preoperatively, and
operation should be performed after the inflammation is treated
(17). Fibrotic adhesions may not regress, even if an appropriate
antibiotic therapy and a sufficient waiting period in some patients
have been commenced. Although the surgeries in our study were
elective surgeries, 48 of them were difficult cholecystectomies
according to the Tokyo Guidelines (14). We recognized RS in 29
(60.4%) of the 48 DLCs. In these patients, RS cannot be seen due
to adhesions and cannot guide the surgeon (Figure 9). Therefore,
surgeons should use other safety measures during the operations
like perioperative cholangiography, subtotal cholecystectomy, or
simply drainage.

Study Limitations

The present study has certain limitations. First, our study sample
was composed of video recordings of LCs. Second, our sample
size was small to generalize our findings. However, despite these
limitations, one of the strengths of the study was that it provided
data for significance of RS in DLCs. On the other hand, due to
relatively small number of our patients, it cannot be claimed

that not detecting the RS during the operation will increase the
complications. Then again, visualizing RS and not dissecting
below that line certainly give surgeons a sigh of relief.

CONCLUSION

In summary, the present study contributes to an understanding
of the significance of RS in DLC operations. The frequency and
type of RS in this sample from Turkey were found to be similar to
the reports in literature. When available (present and visualized),
RS contributes a lot to the safety measures of LC. On the other
hand, when it comes to DLC, the availability and convenience of
RS might be limited or misleading for surgeons.

Besides precise knowledge of anatomy, awareness of variations
and misidentification set-ups are the key elements for patient
safety during surgery. It is especially true for laparoscopic
surgeries that with two-dimensional images and perspective
misidentification might end up with a surgical disaster. Since the
LC is among the most performed surgeries worldwide, surgeons
need to be aware of anatomical landmarks, safety measurements,
and bail-out strategies.
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ABSTRACT

Objective: The purpose of this study was to investigate the angular relationship between the anatomic inclination of the superior facet and the
desired safe straight-forward (SF) transpedicular screw trajectory in the surgical treatment of patients with adolescent idiopathic scoliosis (AlS).

Methods: The study was conducted as a retrospective evaluation. One hundred and ten lumbar vertebrae were analyzed from the preoperative
computed tomography scans of 22 patients with AIS scheduled for surgery. Each lumbar vertebral segment was prepared using reformat images
obtained with three-dimensional (3D) volume-rendered images. The axial angles between the relative trajectory of the implant, which was planned to
be placed according to the ideal SF transpedicular pedicle screw technique, and the inclination of the superior facet joint were measured.

Results: Two hundred and twenty pedicle-facet angles of 110 vertebrae were measured on image slices showing 3D volume rendering of pedicle and
facet joint together. The ideal SF orientation angle at each vertebral level was more laterally oriented than the facet tilt. Fifteen (68%) of the patients
had Lenke type 1 and 7 (32%) had Lenke type 5. When the patients were divided into two groups according to Lenke type (type 1 and 5), there was
no statistically significant difference in terms of the angular values of the lumbar spine (p>0.05).

Conclusion: When implanting a transpedicular screw to correct a scoliotic deformity, a trajectory that is no more medially inclined than the inclination
of the facet joint will reduce adverse events such as medial breeching. This information can be used as supporting information when placing pedicle
screws in addition to other anatomical landmarks.

Keywords: Pedicle screw, facet joint, medial breeching

0z
Amag: Bu calismanin amaci, adélesan idiyopatik skolyozlu (AIS) hastalarin cerrahi tedavisinde superior fasetin anatomik egimi ile istenen glvenli
straight-forward (SF) transpedikuler vida yoriingesi arasindaki acisal iligkiyi arastirmaktir.

Yéntemler: Calisma retrospektif bir degerlendirme olarak yapilimistir. Ameliyat planlamasi yapilan AIS tanili 22 hastanin 110 lomber vertebrasi
bilgisayarli tomografi taramalarindan analiz edildi. Her lomber vertebral segment, ¢ boyutlu (3B) hacimle islenmis gérintilerle elde edilen yeniden
formatlanmis gériintiiler kullanilarak hazirlandi. ideal SF transpedikiiler pedikiil vida teknigine gdre yerlestirilmesi planlanan implantin gdreceli
yorlingesi ile superior faset eklemin egimi arasindaki aksiyal acilar l¢tldu.

Bulgular: Ytz on vertebranin 220 pedikil-faset arasi agisi, 3D olarak pedikiil ve faset eklemi birlikte gosteren goriintu kesitleri Gzerinden 6l¢tldu. Her
vertebra seviyesinde ideal SF yonelim agisi, faset egiminden daha lateral yonelimli idi (p<0,001). Olgularin 15'i (%68) Lenke tip 1, yedisi (%32) Lenke
tip 5idi. Hastalar Lenke tipine gére (tip 1 ve 5) iki gruba ayrildiginda bel omurlarinin acisal degerleri arasinda istatistiksel olarak anlamli fark gértlmedi
(p>0,05).

Sonug: Skolyotik deformitenin duzeltiimesi icin transpedikiler vida yerlestirirken, faset eklem egiminden daha mediale dogru egimli olmayan bir
vida yénelimi, medial kanal ihlali gibi istenmeyen olaylari azaltacaktir. Bu bilgi, pedikil vidasi uygulamalarinda diger anatomik isaretlere ek olarak
destekleyici bir bilgi olarak kullanilabilir.

Anahtar kelimeler: Pedikil vidasi, faset eklemi, medial ihlal
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INTRODUCTION

Adolescent idiopathic scoliosis (AIS) is a three-dimensional (3D)
deformity with coronal, sagittal, and axial components (1). The
current gold standard treatment method in the surgical treatment
of AIS is instrumented fusion of the posterior segments with
transpedicular screws (2). The incidence of misplacement of
pedicle screws in the lumbar spine is reported to be 5% to 41%
(3). To avoid complications in scoliosis surgery, it is crucial to avoid
misplacement of transpedicular screws (4). The screws should be
firmly seated in the medullary canal of the bony pedicle to also
provide adequate correction of the rotational deformity (5).

Multiplanar images can be thickened into slabs according to the
anatomical area of interest using projection techniques such as
volume rendering. Volume rendering is a technique that combines
3D perspective with versatile and interactive rendering of the
entire volume of reconstructed data (6). Radiological images
obtained by volume rendering are closest to the image that the
surgeon sees with the naked eye in the surgical field (7).

The purpose of the present study was to investigate the
relationship between the anatomic inclination of the superior
facet and the desired safe transpedicular screw trajectory in the
surgical treatment of AIS. To this end, the angular relationship
between the superior facet joint and the pedicle screw trajectory
was evaluated using postoperative computed tomography scans
and volume rendering projection techniques to obtain a reliable
orientation angle in the axial plane.

METHODS

Two hundred and twenty pedicle facet regions of lumbar
vertebral segments from 22 patients with AIS surgically treated
in our department of orthopedics and traumatology between
July 2020 and March 2022 were included in the evaluation
based on preoperative tomography images. Demographic data
(age, sex, Lenke subtypes) were recorded. Surgical treatment of
AIS was accepted as an inclusion criterion, and patients with a
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diagnosis of known etiology or those with inadequate or poor
imaging for measurements were excluded from the study. It was
confirmed that no intracanal pathology was present on magnetic
imaging studies. The study protocol was approved by the Ethics
Committee of Bagaksehir Cam and Sakura City Hospital (decision
no: 2022.04.102). Informed consent was not needed given the
nature of the study.

Radiological Evaluation

Each of the 3D lumbar vertebral images created using the volume
rendering technique was sliced using the scalpel function of the
program [RadiAnt DICOM Viewer (Software). Version 2021.1. Jun
27,2021]. In this way, a bird's-eye view of the tip of the superior facet
joint and the pedicle of each vertebra was obtained on the same
screenshot. The screenshot was then opened in the Surgimap®
measurement system (Nemaris Inc. USA) (https://www.surgimap.
com/). For the lumbar vertebrae from L1 to L5, it was marked on
the tomography that the junction of the middle and lateral thirds
of the intersection of the midline of the transverse process and the
corresponding superior articular process was the entry point of the
pedicle screw. The trajectory of the pedicle screw was determined
by combining this point with the most central point of the pedicle.
The angle between the superior articular facet and the trajectory
of the ideal screw passing through the pedicle was determined
using the straight-forward (SF) technique (Figure 1, 2) (8). This
measurement was performed for both the right and left sides.
Radiographic measurements (measurements in the Surgimap app)
were measured again 3 weeks later by the same observer.

Statistical Analysis

Data analysis was performed using the SPSS 24.0 program. For
the descriptive characteristics, analyzes of number, percentage,
mean, and standard deviation were performed. While the Mann-
Whitney U test was used for paired groups, Kruskal-Wallis analyzes
were performed for more than two groups. Spearman correlation
test was performed for relational analysis. P<0.05 was considered
significant.

>

Figure 1. Cutting a three-dimensional volume-rendering image with the scalpel feature at the L5 vertebral level (A). Identification of the
planned ideal transpedicular pedicle trajectory and the superior facet inclination with the top view of the obtained single vertebral level (B)
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RESULTS

The mean age of the 22 patients included in the study was
14.5+£1.33 and two of them were male. In 3 of the patients, L5-S1
transitional vertebrae were observed as an additional anatomical
variation. The angles between the axial superior facet inclination
and the targeted SF pedicle trajectory of the measured vertebrae
are shown in Table 1.

According to the values for skewness and kurtosis, except for
the left L5 lumbar vertebra, a normal distribution was found for
the angular measurements of all segments, as indicated in the

o«
-

4

Facet inclination

pedicle trajectory

]
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methodology, since they were all in the nominal range (-1.5)-
(+1.5), parametric tests were used for the statistical analyzes.
The consistency of the correlation coefficient between two
separate calculation time intervals was above 0.8, indicating good
agreement. According to Lenke classification, 8% of patients
belonged to type 1 and 32% to type 5, and 32% had the level of
lumbar apex at L2 (Table 2).

Considering the distributions of mean and standard deviation of
angle measurements, the highest angles were observed at the L5
Right (18.47+8.62) and L5 Left (18.4+10.34) spine levels (Table 3).

Figure 2. In one of the patients included in the study, the angle between the pedicle and the inclination of the superior facet joint is observed
during surgery. Angle between two pedicle guides in A. In B, the relationship to the facet joint during pedicle screw application is seen. Note
how the imaginary lines drawn in yellow cross each other. The axis of the ideal pedicle screw is more laterally directed to the inclination of
the facet joint and does not go further medially than the inclination of the facet joint

Level Mean Minimum
L5 right 16.5 10
L5 left 15.9 12
L4 right 1.4 2.3
L4 left 1.4 10
L3 right 8.5 0.3
L3 left 8.1 0.2
L2 right 9.1 0.4
L2 left 7.7 0.5
L1 right 10.8 0.6
L1 left 10.4 0.5

SD: standard deviation, SF: straight-forward, L: lumbar vertebra

Maximum SD Skewness Kurtosis
457 10.3 0.92 1.86
42.6 8.9 1.2 2.92
211 54 0.19 -0.64
253 6.6 0.43 -0.18
19.9 5.6 0.28 -1.03
19.5 53 0.28 -0.86
18.5 4.8 0.13 -0.34
15.5 5.0 0.08 -1.2
23.7 5.0 0.17 14
24.8 54 0.45 1.3
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No statistically significant difference was found between the
age groups of the patients and the mean value of the angle
measurement (p>0.05) (Table 4).

No statistically significant difference was found between the
sex and mean angular measurements of the patients (p>0.05)
(Table 5).

Of the patients, 15 (68%) had Lenke type 1 and seven (32%) had
Lenke type 5. No statistically significant difference was found
when patients’ Lenke types were compared with the mean of the
angle measurement (p>0.05) (Table 6).

The lumbar modifier type was type A in 4 of the patients and type
Cin the remaining 18 patients. The lumbar apex was at the L1 level
in 5 (23%) of 22 patients, at the L2 level in 7 (32%), at the L3 level
in 6 (27%), and at the L4 level in 4 (18%) patients. No statistically
significant difference was found when comparing the Lenke
Lumbar Modifiers and the patients’ mean angle measurements
(p>0.05) (Table 7).

No statistically significant difference was found when comparing
measurements of Lumbar Apex and mean angle (p>0.05)
(Table 8).

According to the Spearman correlation test, a positive and
statistically significant relationship was found in the relational
analyzes of the following angle measurements: Between L1 L
and L1 R (strong relationship), L2 L (moderate), L2 R (moderate),
and L3 R (moderate); between L1 R and L2 L (moderate), L2 R
(moderate), and L3 R (moderate); between L2 L and L2 R (strong),
L5 L (moderate), L5 R (moderate), between L2 R and L5 R

n (22) %

Lenke type

1 15 68.2
5 7 31.8
Lumbar apex

L1 5 22.7
L2 7 31.8
L3 6 27.3
L4 4 18.2

L: lumbar vertebra

Facet-screw angle  Mean + SD Mean % SD
LTR 11.1+4.61 L1L 10.78+5.05
L2R 9.62+4.46 L2L 8.82+3.95
L3R 9.75+5.15 L3L 9.41+5.07
L4R 12.43+5.6 L4L 12.46+5.84
L5R 18.47+8.62 L5L 18.4+£10.34

R: the angle between the superior articular facet and the trajectory line of
the ideal screw at the right side, L: same angle measurement fort he left side,
SD: standard deviation
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(moderate); between L3 L and L3 R (strong), L4 L (moderate), L4
R (moderate), L5 L (moderate), and L5 R (moderate); between L3
R and L4 L (moderate), L4 R (moderate), L5 L (moderate), and L5
R (moderate); between L4 L and L4 R (strong), L5 L (strong), and
L5 R (strong); between L4 R and L5 L (moderate), L5 R; and finally
between L5 L and L5 R (strong) (p<0.05) (Table 9).

It was found that the angles measured at each lumbar vertebral
level varied within a wide scale, regardless of the patients’
demographic characteristics and Lenke type classification
(p<0.05), even at the same vertebral level in different patients.
In all patients, the right and left angle measurements for each
vertebra were found to be similar and did not show statistical
significance (p>0.05). Statistically significant differences were
observed in the angle measurements between the same vertebral
levels in different patients (p<0.05).

In all patients, the calculated angle between the facet inclination
and the imaginary trajectory of the pedicle screw had a positive
numerical value, meaning that the trajectory of the pedicle was
more laterally directed than the inclination of the facet cartilage
(100%).

DISCUSSION

The current study reports that osteotomy of the inferior facet
before pedicle screw placement helps surgeons avoid injury to
nerve tissue in the canal and prevent possible medial breaching
by guiding the pedicle screw at a lower inclination (more
lateral) than the axial inclination of the exposed superior facet
cartilage.

The open surgical technique for AlS uses a midline skin incision
and subperiosteal dissection to expose the spinous processes,
laminas, facet joints, and transverse processes. Inferior facet
osteotomies are performed before or after screw placement in the
fusion area to help identify pedicle screw entry points, promote
arthrodesis, and allow easier correction of the deformity except at
the superior and inferior levels (1,9). Mattei et al. (9) recommended
partial facetectomy of the inferolateral third of the inferior articular
process of the upper spine. With this osteotomy, the boundaries
of the facet joints can be clearly determined, and the entry point
for the pedicle screw can be properly designed by removing the
hypertrophic and misleading tissue; it can be ensured that the
screw head can sit on a smooth surface. The current study shows
that it is probably a dangerous idea to guide a transpedicular
screw trajectory more medially than the inclination of the superior
facet joint in the axial plane. This information may be a valuable
contribution to the literature.

Amaral et al. (10) studied the safe angle with the facets that
could prevent facet joint violation during screw insertion
regardless of the screw insertion technique in degenerative
spines. The authors analyzed imaging of patients operated for
degenerative lumbar spine pathologies and defined the angle
between pedicle screw and facet joint inclination as A-angle.
Accordingly, the rate of facet injury in patients with a A-angle of
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L5R

L5L

L4 R

L4 L

L3R

L3L

L2 R

L2 L

L1R

L1L

SD: standard deviation, U: The Mann-Whitney U value, L: lumbar vertebra, R: right

Age group
<15
>15
<15
>15
<15
>15
<15
>15
<15
>15
<15
>15
<15
>15
<15
>15
<15
>15
<15
>15

n (22)
10
12
10
12
10
12
10
12
10
12
10
12
10
12
10
12
10
12
10
12

Mean = SD
15.93+6.97
20.6+9.56
18.35+12.72
18.43+8.46
11.02+6.15
13.61+5.07
11.7+6.65
13.1£5.27
9.19+4.9
10.21+£5.51
9.17+5.72
9.6+4.72
8.64+2.95
10.44+5.41
8.1+3.08
9.42+4.6
10.9+4.42
11.25+4.96
11.56+4.03
10.13+5.86

V)

42

48.5

46.5

52

535

56.5

48

50.5

59

45

p

0.235

0.448

0.373

0.598

0.668

0.817

0.429

0.531

0.947

0.323

L5R

L5L

L4R

L4L

L3R

L3L

L2R

L2L

L1TR

L1L

SD: standard deviation, U: The Mann-Whitney U value, L: lumbar vertebra, R: right

Gender
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

n

18
4
18
4
18
4
18
4
18
4
18
4

Mean + SD
19.1+£9.37
15.65+3.2
19.33+11.2
14.15+2.85
11.97+5.58
14.52+6.04
12.13+5.53
13.92+7.83
10.7+5.12
5.5+2.74
10.21+5.04
5.8+3.87
9.91+4.17
8.32+6.2
8.92+3.7
8.35+£5.63
11.57+4.55
8.9+4.9
11.47+4.93
7.67£5.04

U

29

26

26

34.5

14.5

16

31

32

27

22

p

0.551

0.394

0.394

0.898

0.067

0.089

0.67

0.733

0.443

0.233
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Lenke type n (22) Mean %= SD U P
1 15 16.94+5.97

L5R 45 0.597
5 7 21.77+12.6
1 15 18.08+10.28

L5L 52 0.972
5 7 19.07+11.25
1 15 12.3+6.07

L4R 5l.5 0.944
5 7 12.74+4.87
1 15 12.1+6.06

L4L 47.5 0.724
5 7 13.25£5.7
1 15 9.78+5.6

L3R 51.5 0.944
5 7 9.67+4.42
1 15 9.13+£5.63

L3L 45.5 0.622
5 7 10£3.93
1 15 9.24+4.76

L2R 44 0.549
5 7 10.42+3.97
1 15 8.68+4.13

L2L 49 0.805
5 7 9.11+£3.84
1 15 11.11+5.54

LTR 5l.5 0.944
5 7 11.04+1.73
1 15 10.92+5.74

L1L 51 0.916
5 7 10.48+3.5

SD: standard deviation, U: The Mann-Whitney U value, L: lumbar vertebra, R: right

Lenke lumbar modifier n (22) Mean = SD U p
A 4 15.07£5.5

L5R 26 0.395
C 18 19.23+9.12
A 4 19.7+£19.07

5L 26 0.394
C 18 18.1+£8.21
A 4 10.725

L4R 26.5 0.418
C 18 12.81+5.42
A 4 9.55+6.64

L4L 23 0.268
C 18 13.11+£5.64
A 4 6.46.46

L3R 16 0.089
C 18 10.5+4.7
A 4 6.77+8.53

L3L 20 0.173
C 18 10+£4.11
A 4 7.97+55

2R 31 0.67
C 18 9.98+4.3
A 4 8.42+5.51

2L 30 0.609
C 18 8.91+3.73
A 4 8.75+5.76

L1R 27.5 0.469
C 18 11.61+£4.34
A 4 9.35+6.46

L1L 34 0.865
C 18 11.1+4.85

SD: standard deviation, U: The Mann-Whitney U value, L: lumbar vertebra, R: right
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less than 5 degrees was found to be 65%. They found that it was
11% in patients with a A-angle between 5-15 degrees and 3%
in patients with a A-angle higher than 15 degrees. Because an
open surgical approach was used in our study and we assumed
that there would be no force against the superior facet joint,

J Acad Res Med 2022:12(2):78-86

scenarios that could lead to screw misplacement in the canal
were investigated. As the relative angular value decreased, the
extent of facet injury in our study appeared to be correlated with
the risk of medial breaching.

Lomber apex n (22)
L1
L2
L3
L4
L1
L2
L3
L4
L1
L2
L3
L4
L1
L2
L3
L4
L1
L2
L3
L4
L1
L2
L3
L4
L1
L2
L3
L4
L1
L2
L3
L4
L1
L2
L3
L4
L1
L2
L3
L4 4

X2 chi-square, , SD: standard deviation, L: lumbar vertebra, R: right

L5R

L5L

L4R

L4L

L3R

L3L

L2R

L2L

LTR

L1L

o N o A O N O O N O O OO OO OOy OOy Oy O N U

Mean % SD X2 P
26.02+12.54
16.91+5.03
16.28+7.92
15.07+5.5
22.86+11.21
16.28+5.19
16.26+8.06
19.7+£19.07
14.34+4.95
11.97+4.72
12.53+7.09
10.72+6.97
14.78+6.04
12.21+£3.68
12.76+7.67
9.55+6.64
10.94+4.72
8.21+3.95
12.78+4.98
6.4+6.46
10.92+4.35
8.28+3.86
11.21+£4.21
6.77+8.54
10.54+4.85
10.27+5.08
9.2+3.44
7.97+£5.5
9.26+4.64
9.74+4.06
7.65£2.7
8.42+5.51
10.54+1.75
12.17+5.45
11.85+4.94
8.75+5.76
9.4+3.47
12.31+6.1
11.1+4.6
9.35+6.46

3.789 0.285

2493 0.477

0.925 0.819

1.983 0.576

5.004 0.172

3.41 0.333

0.281 0.964

1.732 0.63

1.376 0.711

0.706 0.872
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L1L L1R L2 L L2R
r 1.000 - - -
L1 L
p - - - -
r 0.878% 1,000 - -
L1 R
p 0000 - - -
r 0511 0.499* 1,000 -
2L
p 0015 0.018 -
e T 06w 06254 0.909* 1,000
p 0003 0.002 0.000 -
Ll ¢ 03 0.380 0.398 0.379
p 0069 0.081 0.066 0.082
ar T oue 0.494* 0.367 0.411
p 0037 0.019 0.093 0.058
LS 0.227 0333 0.343
p 0409 0.310 0.130 0.118
R T 01e 0.230 0.189 0.224
p 0451 0.304 0.399 0317
s 028 0.361 0.459* 0373
p 0232 0.099 0.031 0.087
sp T 035 0.419 0.518* 0.487*
p 0140 0.052 0014 0.021
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L3L L3R L4L L4 R L5L L5R
1.000 - - - - -
0.946** 1.000 - - - -
0.000 - - - - -
0.565** 0.553** 1.000 - - -
0.006 0.008 - - - -
0.500* 0.524* 0.897** 1.000 - -
0.018 0.012 0.000 - - -
0.525* 0.567** 0.728** 0.592** 1.000 -
0.012 0.006 0.000 0.004 - -
0.517* 0.565** 0.711** 0.646** 0.931**  1.000
0.014 0.006 0.000 0.001 0.000 -

*Significant at the p<0.05 level, **Significant at the p<0.001 level. L: lumbar vertebra, R: right

There are numerous studies in the literature on superior facet
injury after pedicle screw placement (11-13). The aim of these
studies was to increase surgical safety by revealing the risk
factors influencing screw placement in the correct position. In this
regard, Cong et al. (12) found that the use of an intraoperative
navigation system was an important factor in preventing pedicle
malposition. Because of the high cost of navigation systems and
the fact that they cannot be used in every spine surgery clinic,
special attention should be paid to the factors such as the use
of fluoroscopy, printing of 3D spine models, neuromonitoring to
increase reliability, and sensitive attention to anatomic markers
during freehand techniques (14-16).

Facet tropism describes the presence of asymmetric angles on
both sides of the facet joints and is common in various pathologies
of the lumbar spine (17). In our study, we found that there was no
statistical difference in the angle between the facet and pedicle
trajectories on the right and left sides at each spinal level, except
for the L5 vertebra in the 3 patients with sacralization. This finding
suggests that there is no facet tropism in the scoliotic spine,
unless there is some other anatomic variation. Can et al. (18) also
found a possible link between facet tropism and sacralization, as
observed in our study.

Study Limitations

One of the strengths of the study was the 3D evaluation of
tomographic sections via reformat studies, so that the study came

closest to real anatomy (6). Because most studies in the literature
use tomographic images without reformatting them to a focused
true plane, it is possible that the anatomy will be evaluated in
an incomplete plane due to the natural lordosis of the lumbar
spine. The weakness of our study was that the patients were
not evaluated for postoperative pedicle screw applications. We
have two explanations for this. First, screw implantation was not
performed at all levels of the lumbar spine (especially at L4 and
L5) in patients with AlS, and second, we did not yet implement
this method, which we examined in our study, sufficiently in our
routine practice to test its effectiveness.

According to our results, the conclusion that “screw insertion
with more lateral alignment than facet joint inclination is
reliable” applies only to the transpedicular SF screw technique
method. In this technique, the midpoint of the anterior cortex
of the vertebral body of the screw tip is targeted through the
junction of the entry point and the midpoint of the pedicle. In
cases where the anatomical methodology is different, such as
the cortical bone trajectory technique, this conclusion will not
be valid (19).

In the statistical analysis, we could not find a practical margin of
safety for any level as a general rule for the placement of pedicle
screws. Each patient should be evaluated on his/her own merits in
this regard. However, a screw inserted at an angle no more medial
than the facet joint, has a higher probability of being in the correct
trajectory. Careful review of radiographic images should be
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performed in each individual patient prior to surgical intervention
when considering the angular inclination of the facet.

CONCLUSION

When implanting a transpedicular screw to correct a scoliotic
deformity, a trajectory that is no more medially inclined than
the inclination of the facet joint in the axial plane will reduce
undesirable events such as medial breaching. This information can
be used as supporting information in addition to other anatomical
landmarks in pedicle screw applications.
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ABSTRACT

Objective: The aim of this study is to investigate acute and chronic administered metformin on epileptiform activity induced by penicillin and
antioxidant activity in rats.

Methods: Eighty-four adult male Wistar albino rats were used in this study. The rats were divided into two large groups as acute and chronic groups,
and later on each group was divided into different subgroups as control, sham, penicillin, metformin 100 mg/kg (Met_100), 200 mg/kg (Met_200) and
only metformin 200 mg/kg (OMet_200) intraperitoneally. The substances were applied to the chronic groups for 21 days, while acute groups received
them just before the initiation of epileptiform activity. In the present study, onset of first epileptiform activity, spike wave frequency and amplitude,
and superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase (CAT) parameters were evaluated.

Results: No epileptiform activity was observed in the control, sham, and OMet_200 groups. When metformin doses of 100 mg/kg, 200 mg/kg were
compared with the penicillin group in both acute and chronic groups, the onset of first epileptiform activity was prolonged, spike wave frequency and
spike wave amplitude decreased significantly. SOD, CAT and GPx levels were found to be significantly different in the acute and chronic metformin
groups compared to the penicillin group.

Conclusion: In conclusion, this study shows that metformin can decrease epileptic seizures and increase the level of antioxidant enzymes and it can
be used in the treatment of epilepsy in the future.

Keywords: Antioxidant, electrocorticography, epilepsy, epileptiform activity, metformin

oz
Amag: Bu calismanin amaci, akut ve kronik olarak uygulanan metforminin, sicanlarda penisilin ile indiklenen epileptiform aktivite ve antioksidan
aktivite Uzerine etkisinin arastinlmasidir.

Yontemler: Bu calismada 84 adet yetiskin erkek Wistar albino sican kullanildi. Sicanlar akut ve kronik gruplar olmak tzere iki biytk gruba ayrldiktan
sonra her bir grup kontrol, sham, penisilin, metformin 100 mg/kg (Met_100) intraperitoneal (i.p), 200 mg/kg (Met_200) (i.p) ve sadece metformin
200 mg/kg (SMet_200) (i.p) dozlarda farkli alt gruba ayrildi. Kronik gruplara maddeler 21 giin, akut gruplara ise sadece epileptiform aktivite dncesi
uygulandi. Bu calismada ilk epileptiform aktivitenin baslangici, spike dalga frekansi ve amplitidu ile stiperoksit dismutaz (SOD), glutatyon peroksidaz
(GPx) ve katalaz (CAT) parametreleri degerlendirildi.

Bulgular: Kontrol, sham ve sadece metformin gruplarinda hicbir epileptiform aktivite gérilmemistir. Metforminin 100 mg/kg, 200 mg/kg'lik dozlari
hem akut hem de kronik gruplarda penisilin grubu ile kiyaslandiginda, ilk epileptiform aktivite baslangic latensi uzamis, diken dalga sayisi ve diken
dalga genligi anlamli olarak azalmistir. Akut ve kronik metformin gruplarinda SOD, CAT ve GPx seviyeleri penisilin grubuna gére anlamli bulunmustur.
Sonug: Sonug olarak bu calisma metforminin, epileptik ndbetleri hafifletebilecedi ve antioksidan enzimleri artirabilecegi ve gelecekte epilepsi
tedavisinde kullanilabilecegini gostermektedir.

Anahtar kelimeler: Antioksidan, elektrokortikografi, epilepsi, epileptiform aktivite, metformin
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1. INTRODUCTION

Epilepsy is a neurological brain disease that affects approximately
50 million people of all ages worldwide. It is characterized by
recurrent seizures, transient occurrence of abnormal, excessive,
and/or synchronous neuronal activity in the brain, and sometimes
accompanied by loss of consciousness and poor control of bowel
and bladder function. Of the people with epilepsy 80% live in low
and middle income countries (1,2).

In general, epileptic seizures indicate the presence of an
imbalance between inhibitory and excitatory neurotransmission.
However, the mechanism of epileptogenesis is still unclear (3).

Until now, anti-epileptic drugs could not been developed to
completely heal epilepsy. Therefore, the current therapeutic
approach is symptomatic therapy to improve patients’ lifetime and
quality of life (4,5). The epileptogenesis process involves a variety
of molecular and cellular changes that can be used as potential
targets for the treatment and prevention of epilepsy, but most of
the currently available drugs only work by suppressing the seizure
without affecting the underlying pathological conditions (6).

Metformin is the most commonly prescribed oral antidiabetic
drug in the world and has been used in the treatment of type
2 diabetes for many years. In addition, this drug is used in the
treatment of prediabetes, polycystic ovary syndrome and insulin
resistance. The positive effects of metformin on the cardiovascular
system and its anti-cancer activity are positive aspects of the
drug. Diabetes associations recommend the use of metformin
at all levels of the national and global type 2 diabetes treatment
algorithms (7).

Metformin is an inexpensive drug that is well tolerated, effective
and easy to access. Besides its known antihyperglycemic effects,
it has been shown to have positive effects on the cardiovascular
system in patients with insulin resistance and diabetes. Increasing
the studies on metformin, which is one of the oldest drug known,
leads to an increase in its use in medicine (8).

It has been shown that metformin can decrease the symptoms
of epileptic seizures as well as modifying the molecular and
cellular changes, including oxidative stress, neuroinflammation,
apoptosis, and neuronal loss. In experimental studies, the
neuroprotective effects of metformin were investigated by using
pentylenetetrazole (PTZ), pilocarpine, and kainic acid models
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that produced epileptiform activity. In the study of Mehrabi
et al. (9), it was shown that metformin decreased brain-derived
neurotrophic factor (BDNF) and TrkB expression, increased AMPK
expression, and decreased mTOR protein expression in an animal
model of temporal lobe epilepsy (TLE) created by pilocarpine
administration. In the study conducted by Yang et al. (10), it was
found that administration of metformin decreased mortality,
increased AMPK levels and facilitated seizure termination
compared to the control group in the kainic acid and PTZ epilepsy
models in mice.

In this study, different from the studies which were mentioned
above, the experimental epilepsy model was created with
penicillin. In the present study, the onset of first epileptiform
activity, spike wave frequency and spike wave amplitude were
examined electrophysiologically to determine the chronic and
acute effects of metformin on epileptiform activity induced
by penicillin. In addition, in order to determine the antioxidant
properties of metformin, it was aimed to investigate the enzyme
values of superoxide dismutase (SOD), glutathione peroxidase
(GPx) and catalase (CAT) in blood samples taken from rats.

2. METHODS

2.1. Animals Used in the Experiment

The ethical approval was obtained from Duzce University Animal
Experiments Local Ethics Committee with the decision number
2019/6/1 (date: 02.07.2019), and the animals to be used in the
experiment were obtained from Duzce University Experimental
Animals Application and Research Center. Wistar albino male
rats weighing 290+30 and 12-14 weeks old were used for the
experiment. The animals were kept at 23 °C room temperature,
60+5% humidity and 12:12 light-dark cycle, and free to access
food and water.

2.2. Experimental Groups

The animals were divided into two experimental groups as acute
(n=42) and chronic (n=42) groups. Then, each of the acute and
chronic groups was divided into 6 subgroups (Table 1, 2). The
substances specified in Table 1 were administered to the rats in
the acute group and the substances specified in Table 2 were
administered to the rats in the chronic group intraperitoneally
(i.p). Electrocorticography (ECoG) recordings were obtained on

Group no Groups Substances supplied
1 Sham group -

2 Control group Saline

3 Penicillin group Penicillin

4 AOMet_200 Metformin

5 AMet_100 group Metformin

6 AMet_200 group Metformin

i.c: intracortically, i.p: intraperitoneally

Amount given Delivery method Number of animals

- - 7
1 mL/kg i.p 7
500 1U/2 l i.c 7
200 mg/kg i.p 7
100 mg/kg i.p 7
200 mg/kg i.p 7
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the same day in the acute groups, and 22" day in the chronic
groups. Metformin used in the study (BioVision incorporated 155
S. Milpitas Boulevard, Milpitas, CA 95035 USA) was dissolved
in saline. Metformin was administered at the doses of 100 mg/
kg and 200 mg/kg i.p. to the rats. As an anesthetic, urethane
(Sigma-Aldrich Chemical Co., St. Louis, Missouri, USA) was used
at a dose of 1.25 g/kg i.p. To induce epilepsy, 500 1U/2ul penicillin
(LE. Ulagay llac Sanayi Turk A.S. Istanbul, Turkey) was injected
intracortically (i.c.) to the rats. The substances used in the study
were prepared daily.

2.3. Electrophysiological Study Procedure
2.3.1. Surgical Procedure

In all groups, rats were fixed to the stereotaxic frame (Harvard
Instruments, South Natick, MA, USA) under the 1.25 g/kg
urethane anesthesia, and bone on left cerebral cortex was
precisely removed with tour motor (FST Rechargeable Microdrill,
KF Technology, Rome, Italy).

2.3.2. Stimulation of the Epileptiform Activity

Epileptiform activity was induced by intracortical administration
of 500 1U/2 pl penicillin with a Hamilton microinjector (701N,
Hamilton Co. Reno, NV, USA) to 2 mm lateral, T mm in front of the
bregma line and 1.2 mm cortex depth in the skull of rats.

2.3.3. Electrophysiological Recordings

For electrophysiological recordings, two Ag-AgCl ball electrodes
were placed in the visible somatomotor cortex area by opening
the lateral part of the bregma line on the left hemisphere. A
reference electrode was placed to the right ear of the rats. The
first electrode to take recordings was placed 1 mm in front of the
bragma line and 2 mm lateral to the sagittal suture, the second
was placed 5 mm posterior to the bregma line and 2 mm lateral
to the sagittal suture. After the electrodes were placed, ECoG was
recorded by the PowerlLab/8SP (ADInstruments Pty Ltd. Castle
Hill, NSW, Australia) data acquisition recording system.

Five minutes of basal activity was recorded before injecting the
substances for both acute and chronic groups. In acute groups,
metformin was given i.p after basal activity recording, and ECoG
was recorded for another 30 minutes (Figure 1A). After 30 minutes
of ECoG recording, intracortical penicillin was injected i.c. at the
35" minute. Then, another 120-minute recording was made. In
the only metformin group without penicillin, after 5 minutes of

Kilig et al.
Metformin on Epileptiform Activity in Rats

basal activity recording, 200 mg/kg metformin was injected, and
another 150-minute ECoG recording was made. Thus, a total of
155 minutes of ECoG recording was obtained from each animal
(Figure 1A).

In the chronic metformin group, substances were given i.p at the
same time intervals for 21 days. ECoG recording was made on
the 22" day in chronic groups. After removing the bone on the
left somatomotor area as described in the surgical procedure,
two recording electrodes were placed in this area. Five minutes of
basal activity was recorded after the electrodes were placed. After
basal activity recording, penicillin was injected i.c. and another
120-minute recording was made. A total of 125 minutes of ECoG
recording was made in each animal (Figure 1B).

After 5 minutes of basal activity recording to both acute and
chronic groups, penicillin was administered i.c and ECoG
recording was made for another 120 minutes. These recordings
were digitized at a sampling rate of 1024 Hz. The onset time of
first epileptiform activity, general epileptiform activity, spike
wave frequency and spike wave amplitude were evaluated. The
data analyses were made with the PowerlLab Chart v.8 software
program. For each animal, the average spike wave frequency and
amplitudes of the 5-minute time intervals of the ECoG recordings
were used as data.

2.4. Determination of Antioxidant Activity

In order to determine the CAT, SOD and GPx levels in blood serum
samples taken after ECoG from rats, samples were centrifuged
at 4000 rpm for 15 minutes (Heraeus Labofuge 400, Thermo
Scientific, Waltham, Massachusetts, USA). Serums taken after
centrifugation were taken into eppendorf tubes and stored at -80
°C until the test day. SOD, CAT, GPx (Shanghai Sunred Biological
Technology Co., Ltd, Shanghai, China) were used as ELISA kits
in our study. Spectrophotometer (Bio-Rad model 680 microplate
reader, Bio-Rad Labrotories, Inc, USA) at 450 nm light wavelength
was used to perform plate reading, and optical densities were
recorded.

2.5. Statistical Analysis

Analysis of epileptiform activity records were made in periods of
five minutes. The differences between the groups in terms of the
onset of the first epileptiform activity, the spike wave frequency
and the spike wave amplitude in each period were examined with
the One-Way ANOVA test. Homogeneous subgroups multiple

Group no Groups Substances supplied
1 Sham group -

2 Control group Saline

3 Penicillin group Penicillin

4 COMet_200 group Metformin

5 CMet_100 group Metformin

6 CMet_200 group Metformin

i.c: intracortically, i.p: intraperitoneally

Amount given

Delivery method Number of animals

- - 7
1 ml/kg i.p 7
500 1U/2 ul i.c 7
200 mg/kg i.p 7
100 mg/kg i.p 7
200 mg/kg i.p 7
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comparison method was used to determine different groups. In
the comparison of groups in terms of CAT, SOD, GPx values, the
ANOVA test was used, and homogeneous subgroups multiple
comparison method was used to determine the different groups.
IBM SPSS program was used in the analyses of the data. P<0.05
was considered as statistically significant.

3. RESULTS

3.1. The Effects of Only Metformin Administration in
Rats

It was found that the administration of different doses of metformin
(100 and 200 mg/kg) had no effect on basal activity. Similarly, no
epileptic activity was found in the control and sham groups.

3.2. Epileptiform Activity Recording in Rats

In the penicillin groups, epileptic discharges appeared with spike
wave formations 3-5 minutes after penicillin injection.

3.2.1. The Effect of Metformin on the Latency of First
Epileptiform Activity

The effect of metformin on the onset of first epileptiform activity
induced by penicillin was compared with the penicillin group.
Onset of first epileptiform activity was significantly prolonged in
CMet_100, CMet_200, AMet_100, AMet_200 groups compared to
penicillin group (P values respectively p=0.050, p=0.009, p=0.040,
p=0.042) (*p<0.05 is significantly higher than penicillin group)
(Figure 2, Table 3).
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3.2.2. The Effect of Metformin on Spike Wave Frequency

Epileptiform activity as spike waves started within 3-5 minutes
in penicillin groups. When the spike wave frequencies were
compared in the first period (0-5 min) no significant difference
was found (p>0.05) between acute, chronic and penicillin
groups.

In the CMet_100 group, the spike wave frequency was
significantly less than the penicillin group until the 5 period (20-
25 min) (p<0.05). After the 5" period (20-25 minutes), the spike
wave frequency of the CMet_100 group showed a tendency to
decrease in parallel with the penicillin group without a significant
difference until the end of the recording (p>0.05). The spike wave
frequency in the CMet_100 group was statistically higher than
AMet_100 and AMet_200 groups in the é"-7t" and 8" period (25-40
minutes) (p<0.05). In the 9" period (41-45 minutes), the spike wave
frequency in the CMet_100 group was statistically and significantly
higher than in the AMet_100 group (p<0.05). When CMet_100
and the other groups were compared, there was no significant
difference between CMet_100 and CMet_200, AMet_100, and
AMet_200 groups in terms of spike wave frequency starting from
the 10 period (45-50 minutes) until the end of the 24™ period
(115-120 minutes) (p>0.05) (Figure 3). The spike wave frequency
in the CMet_200 group compared to the penicillin group until
the end of the 6" period except the 5" period was statistically
higher (p<0.05). In the 8" period, the spike wave frequency in the
CMet_200 group was statistically and significantly higher than the

A Penicillin administration
0 min 5% min 35% min 155" min

\_T_J 1 ]

|
Basal activity Epileptiform activity record
L J
1
ECoG recording
B Penicillin administration
Day 0 21%Day 0 min 5% min 125% min

\ A

A )

| |

Metformin administration for 21 days

\

Basal activity

|

Epileptiform activity record

|

225'Day ECoG recording

Figure 1. A) Experiment procedure and ECoG recording periods applied to acute groups. B) Experiment procedure and ECoG recording

times applied to chronic groups
ECoG: electrocorticography
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AMet_100 and AMet_200 groups (p=0.004 and 0.005, respectively).
In the 9" period, the spike wave frequency in the CMet_200
group was statistically and significantly higher than the AMet_100
group (p=0.050). When the spike wave frequency in CMet_200
group was compared with the other groups starting from the 10
period (55-60 minutes), there was no significant difference until
the end of the 24" Period (115-120 minutes) (p>0.05) (Figure
3). When the spike wave frequency in the AMet_100 group was
compared with the penicillin group up to the 10" period (except
the 5" period), the spike wave frequency in the penicillin group
was found statistically higher (p<0.05). The spike wave frequency
in the AMet_100 group was statistically lower than the CMet_100
group in the 6" and 7% periods and the CMet_200 group in the 8%
and 9" periods (p<0.05). When AMet_100 and other groups were
compared, there was no significant difference between AMet_100
and CMet_100, CMet_200, and AMet_200 groups in terms of the
spike wave frequency starting from the 10" period (45-50 minutes)
to the end of the 24" period (115-120 minutes), (p>0.05), (Figure
3).

When the spike wave frequency in the AMet_200 group was
compared with the penicillin group until the 9" period (except
for the 5% period), the spike wave frequency in the penicillin
group was statistically higher (except for the 5t period) (p<0.05).
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Figure 2. The effect of acute and chronic metformin
administration on epileptiform activity onset time compared

to penicillin group (mean values marked with * are statistically
significant compared to penicillin group p<0.05)

G n Mean % SD Min Max b
(second) (ng/mL) (ng/mL)

Penicillin 7 240+22 196.00 265.00

AMet_100 7  688+111* 240.00 1114.00

AMet 200 7  666+158* 0.00 1500.00 0.001

CMet_100 7  663+£52* 544.00 793.00

CMet 200 7  837+109* 494.00 1200.00

The effect of acute and chronic metformin on the latency of first epileptiform
activity compared to penicillin group (*Compared to penicillin  group
p<0.05). SD: standard deviation, min: minimum, max: maximum
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The spike wave frequency of AMet_200 group was statistically
and significantly lower than the spike wave frequency of
CMet_100 group in the 6" and 7t periods, and the spike wave
frequency of CMet_200 group in the 8" period (p<0.05). When
the AMet_200 and other groups were compared, there was no
significant difference between the AMet_200 and CMet_100
mg/kg, CMet_200, and AMet_100 groups starting from the 10t
Period (45-50 minutes) to the end of the 24" Period (115-120
minutes) in terms of the spike wave frequency (p>0.05) (Figure
3, Table 4).

3.2.3. The Effect of Metformin on Spike Wave Amplitude

The effect of metformin on spike wave amplitude was compared
with penicillin groups and between CMet_100, CMet_200,
AMet_100, AMet_200 groups. Significance value was accepted
as p<0.05. AOMet_200 group and COMet_200 group were not
compared, since seizures did not occur.

In the 1%t and 2" periods (0-5 min and 6-10 min), the spike wave
amplitudes in the penicillin group were significantly higher
than the CMet_100, CMet_200, AMet_100, AMet_200 groups
(p=0.000; p=0.000, respectively. p=0.000; p=0.000). In the 3
and 7™ periods, the spike wave amplitudes in the penicillin
group were significantly higher than the CMet_200, AMet_100,
AMet_200 groups (p<0.05). Between the 5% and 7* periods, the
spike wave amplitudes in the CMet_100 group were significantly
higher than the CMet_200, AMet_100 and AMet_200 groups
(p<0.05). In the 8" period, the spike wave amplitude in the
penicillin group was significantly higher than the amplitude
of the AMet_100 group (p=0.026). The spike wave amplitude
in CMet_100 group was significantly higher than in AMet_100
group (p=0.004). Spike wave amplitude in AMet_100 group was
significantly higher than CMet_100 group (p=0.006). In the 9"
period, the spike wave amplitude in the penicillin group was
higher than the spike wave amplitude in the AMet_100 group
(p=0.017). Spike wave amplitude in CMet_100 group was higher
in AMet_100 group (p=0.025). The spike wave amplitude in the
penicillin group was higher than the spike wave amplitude in
the AMet_100 group (p=0.042). The spike wave amplitude in the
CMet_100 group was higher than the AMet_100 group (p=0.005).
In the 11% period, the spike wave amplitude in CMet_100 group
was higher than the spike wave amplitude in AMet_100 group
(p=0.025). In the 12" period, the spike wave amplitude in the
CMet_100 group was higher than the AMet_100 group and the
AMet_200 group (p=0.008; 0.048). In the 13" period, the spike
wave amplitude in the CMet_100 group was higher than the
AMet_100 group (p=0.008). In the 15 period, the spike wave
amplitude in CMet_100 group was higher than AMet_100 group
and AMet_200 group (p=0.042 and p=0.047). Between the 16"
and 23 periods, the spike wave amplitude in the CMet_100
group was higher than the AMet_100 group (p<0.05). In the
24* period, the spike wave amplitude in the CMet_100 group
was higher than the AMet_100 group and CMet_200 group
(p=0.027) (Figure 4, Table 5).
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3.3. Determination of Blood Serum Antioxidant
Activity of Metformin

3.3.1. Effect of Metformin Administration on CAT Level
Serum CAT value in COMet_200 group was statistically and
significantly higher than penicillin, AMet_100, AMet_200,
AOMet_200, CMet_100, CMet_200 groups (p=0.000; p=0.007;
p=0.008; p=0.011; p=0.000; and p=0.000, respectively) (Figure 5,
Table 6).

3.3.2. Effect of Metformin Administration on GPx Level

Serum GPx value in AOMet_200 group was statistically and
significantly higher than CMet_100, CMet_200, COMet_200
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and penicillin groups (p=0.049; p=0.007; p=0.005; and p=0.049,
respectively) (Figure 6, Table 7).

3.3.3. Effect of Metformin Administration on SOD Dismutase
Level

Serum SOD level in AMet_200 group was statistically and
significantly higher than the CMet_200 and COMet_200 groups
(p=0.009 and p=0.007, respectively). Although serum SOD level
in AMet_200 group was higher than penicillin group, it was not
statistically significant (p>0.05), (Figure 7, Table 8)

—e—AMet_100

—e—AMet_200

0 - . g @ L 2 . g . g @

D 9h 95 g6 N P O Q\\‘ q\\ Q\q‘ q\‘,’ Q\" q\" ?\b q\’\ q\% q\q Q‘L“ Q'L\ Q’L‘" q‘f’ g’L"

Figure 3. Number of spike waves in penicillin group and acute and chronic groups [mean values marked with * are statistically significant
compared to penicillin group (p<0.05); mean values marked with # are statistically significant compared to CMet_100 group (p<0.05); and
mean values marked with $ are statistically significant compared to the CMet_200 group (p<0.05)]
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Figure 4. Spike wave amplitude [mean values marked with * are statistically significant compared to penicillin group (p<0.05); mean values
marked with # are statistically significant compared to CMet_100 group (p<0.05)]
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4. DISCUSSION

Epilepsy is a neurological disease that is characterized by changes in
molecular, cellular and neuronal activity, and affects approximately
1% of the world's population (11). Although the mechanisms of
epilepsy are better understood recently, drug resistance and
side effects that limit the pharmacological treatment of epilepsy
prevent the disease from cure completely. This reflects the need
to develop new treatment strategies to end the progression of
epilepsy and minimize associated comorbidities (12).
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Figure 5. Showing the effects of acute and chronic metformin
applied groups on serum catalase value in column graph (mean
values marked with * are statistically significant from penicillin,
AMet_100, AMet_200, AOMet_200, CMet_100, CMet_200
groups, p<0.05)
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In this study, penicillin was used to induce epileptiform activity.
After the intracortical administration of 500 IU penicillin, spike-
wave activity was observed within 3-5 minutes. This value was
determined as 8-14 minutes in the acute metformin groups and
10-16 minutes in the chronic metformin groups. It was observed
that this activity reached the maximum frequency and amplitude
in about 35" minute in penicillin groups. Cortical pyramidal
cells play an active role in the development of epileptiform
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Figure 6. Showing the effect of acute and chronic metformin
applied groups on serum GPx value (mean values marked with *
are statistically and significantly higher than penicillin, CMet_100,
CMet_200, COMet_200 groups, p<0.05)

GPx: glutathione peroxidase

Parameter Groups n LCEESY Min Max p
(ng/mL) (ng/mL) (ng/mL)
Penicillin 7 26.2+3.8 14.00 37.00
AMet_100 7 37.9+6.1 21.00 67.00
AMet_200 7 39.1£2.3 29.00 50.00
CAT AOMet_200 7 37.8£2.0 32.00 43.00 0.001
CMet_100 7 25.1+4.1 15.00 45.00
CMet_200 7 30+4.1 17.00 49.00
COMet_200 7 58.5+£10* 44.00 88.00

p<0.05 is considered statistically significant, *compare to Penicillin, AMet_100, AMet_200, AOMet_200, CMet_100 and CMet_200 groups. SD: standard deviation,

min: minimum, max: maximum, CAT: catalase

Parameter Groups n LT3 ) e p
(ng/mL) (ng/mL) (ng/mL)
Penicillin 7 207+70.3 109.00 411.00
AMet_100 7 258.7+46.5 83.00 409.00
AMet_200 7 258.6+55.6 4.00 441.00
GPx AOMet_200 7 415+39.7* 336.00 461.00 0.001
CMet_100 7 183.3+130.3 39.00 443.00
CMet_200 7 108+34.3 13.00 165.00
COMet_200 7 94.8+35.1 14.00 178.00

p<0.05 is considered statistically significant, *compare to Penicillin, CMet_100, CMet_200, COMet_200 groups. SD: standard deviation, min: minimum, max:

maximum, GPx: glutathione peroxidase
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activity induced by penicillin. Studies have shown that penicillin
administration causes both focal and generalized seizures (13).
The penicillin model is frequently used to answer questions about
the mechanism of epilepsy (14).

Penicillin performs its activity through the GABAA receptor and
blocksthe inhibition ofthe GABAAreceptor. There are many studies
which claim that penicillin blocks the GABA receptor and induces
epileptiform activity in rats. Arslan et al. (15) triggered epileptiform
activity with penicillin (2.5 pl, 500 units, ic) in rats. Zhou et al. (16)
also induced epileptiform activity with intraperitoneal injection
of penicillin (10 million units/kg). In this study, we also obtained
similar results which were compatible with previous studies and
triggered epileptiform activity by administering penicillin. It was
observed that only acute and chronic administration of metformin
did not cause any epileptiform activity in rats. These data show
that metformin does not have any epileptic effect in animals.

It has been shown in many experimental epilepsy studies that
merformin, which is not used as an anti-epileptic drug, has
anti-epileptic properties such as delaying the onset of seizures,
decreasing the frequency and duration of seizures, as well as
it causes behavioral and cognitive improvement, and it has
antioxidant and neuroprotective effects (9,10,17,18).
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Figure 7. Showing the effect of acute and chronic metformin
applied groups on serum SOD value in column chart (mean
values marked with * are statistically and significantly higher than
CMet_200, COMet_200 groups, p<0.05)

SOD: superoxide dismutase
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Nevertheless, the mechanism underlying the anti-epileptic effect
of metformin is not fully understood, but the antiepileptic effect
of metformin is associated with its potential to improve brain
oxidative damage, activate AMPK, inhibit mTOR and reduce
apoptotic neuronal cell death, o’-synuclein, BDNF, and TrkB (19).

The AMPK activation may attenuate the generation of seizures
by delaying the onset of epilepsy, reducing neuronal loss in the
hippocampus, and preventing cognitive impairments in both
acute and chronic epilepsy models. In the case of metformin,
its antiepileptic effects could be attributed to an amelioration
of oxidative brain damage, activation of the AMPK pathway,
inhibition of the mTOR signaling, downregulation of BDNF, and
TrkB levels or improvement of proteostasis (6,19).

Metformin has beneficial effects on several neurological disorders
that could be attributed to both AMPK-dependent and AMPK-
independent mechanisms of action. As a whole, metformin
improves mitochondrial function [thereby reducing reactive
oxygen species (ROS) production and oxidative stress], reduces
the inflammatory response, reduces glucose production, and
improves proteostasis (enhances the degradation of toxic
aggregates) (20).

In our study, epileptogenesis was not examined molecularly, but
it was shown electrophysiologically that it delayed seizures. We
think that the anti-epileptic effect of metformin is through the
pathways listed above.

Kainic acid and pilocarpine, which are used to induce TLE, status
epilepticus, and other types of epilepsy in animals, have been the
most widely used agents to provide a better understanding of the
epileptogenesis process (21). In a study, abnormal neurogenesis
is significantly increased in KA-induced status epilepticus, and
metformin pretreatment has been shown to reduce this abnormal
neurogenesis. In the same study, they reported that metformin
significantly reduced spontaneous seizure activity and the number
of epileptic spikes one month after KA administration, and that
metformin was an antidiabetic drug with the potential to be used
as a safe and well-tolerated antiepileptic drug (22).

Both acute and chronic epilepsy models induced by PTZ, which
is an another agent to induce epileptiform activity, are frequently
used in the studies (18,23). Results from these studies showed that

Parameter Groups n

Penicillin
AMet_100
AMet_200
SOD AOMet_200
CMet_100
CMet_200
COMet_200 7

~NN NNy

Mean = SD Min Max

(ng/mL) (ng/mL) (ng/mL) P
32.7+10.9 9.00 75.00

47.7+8.9 22.00 77.00

54.4+7.1% 33.00 97.00

49.8+18.5 8.00 114.00 0.040
45545.1 25.00 61.00

21.0+8.1 078 47.00

19.7412.7 6.00 45.00

p<0.05 is considered statistically significant, *compare to CMet_200, COMet_200 groups. SD: standard deviation, min: minimum, max: maximum, SOD: superoxide

dismutase
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metformin had a significant antiepileptic potential in experimental
epilepsy models with PTZ, kainic acid and pilocarpine, by delaying
seizures, reducing the frequency and duration of seizures, and
reducing oxidative stress (9,10,18,23,24).

Experimental epilepsy model induced by penicillin was used in the
present study. It was noticed in previous studies that metformin
was not used in the penicillin model.

In addition, in our study, unlike other literature, the time periods
in the acute and chronic models were different, and epilepsy was
evaluated electrophysiologically and with antioxidant enzyme
activity. In some literature, it has been reported that epileptiform
activity may be mediated by behavioral scores (racine scoring) and
the potential to activate AMPK and inhibit mTOR at the molecular
level, reduced apoptotic neuronal cell death, downregulation of
o/-synuclein, BDNF, and TrkB (19,25).

It was shown electrophysiologically in the present study that
metformin in different doses (CMet_100, CMet_200, AMet_100,
AMet_200) in both acute and chronic groups delayed the onset
of seizures and decreased the frequency and amplitude of spike
waves. The spike wave frequency in the CMet_200 group was
significantly less than in the penicillin group until the end of the
6" period. The spike wave frequency in the AMet_100 group was
significantly less than in the penicillin group up to the 10* period.
The spike wave frequency in the AMet_200 group was significantly
less than in the penicillin group until the 9" period. Epileptiform
activity was significantly less in the CMet_200 and AMet_200 dose
groups than the penicillin group, up to the 8" period, with spike
wave amplitude. Spike wave amplitude in AMet_100 group wass
significantly less than penicillin group until the end of the 10
period.

It is known that the risk of epilepsy is higher in diabetic patients
(26). Therefore, metformin may be a potential pharmacological
agent, especially for patients with diabetes and epilepsy. Seizures
cause cognitive impairment in patients with epilepsy in the
long term. In experimental epilepsy studies, metformin therapy
improved epilepsy-related behavioral disorders (19). All these
data demonstrate the potential role of metformin in preventing
symptoms associated with epilepsy. Metformin is known to
prevent cellular changes that cause epilepsy, such as neuronal cell
loss, gliosis, and apoptosis (27,28). Metformin is also thought to
inhibit oxidative stress, which plays a major role in the initiation
and progression of epilepsy (29).

The role of oxidative stress in the initiation and progression of
epileptic seizures has been widely recognized. Oxidative damage
caused by neuronal hyper-excitability and excessive free radical
production trigger the onset and progression of epilepsy (30).
Metformin is known to exhibit antioxidant activity by reducing
free radicals, including lipid peroxidation and enhanced glycation
end products (18,23). Substantial evidence shows that metformin
exerts antioxidant effects. Some of these can be attributed to the
inhibition of mitochondrial complex |, which reduces production
of ROS by the oxidative phosphorylation system respiratory

Kilig et al.
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chain (31). In addition, metformin has other functions related to
the activation of the AMPK pathway: (1) reduction of ROS levels
by upregulating the expression of antioxidant enzymes, such as
thioredoxin, through the AMPK-FOXO3 pathway; (2) modulation
of the expression of sirtuin 3 deacetylase, of which activity
promotes antioxidant effects in the cell; (3) downregulation of
NADPH oxidase, one of the main producers of cellular ROS; and
(4) enhancement of mitochondrial biogenesis by enhancing the
function of PGC1 alpha transcription factor (32). In addition, it
has an antioxidant effect by increasing the levels of SOD, CAT
and (GSH) glutathione, which are antioxidant enzymes (18,23).
It is estimated that the anti-epileptic effect of metformin is
partially due to its antioxidant properties (18). In a study, postnatal
metformin administration to rats exposed to valproic acid in the
uterus increased CAT activity by 1.87-fold in prefrontal cortex
(PFC), by 1.55-fold SOD activity in the hippocampus, by 2.08-fold
GSH in the hippocampus, by 1.68-fold in the hippocampus, and by
2.63-fold in PFC (33). Another study demonstrated that metformin
inhibited apoptosis by decreasing caspase 3 and 9 expression in
epileptic mice (34).

In the present study, blood serum samples were studied to
determine antioxidant activity. Serum CAT value in COMet_200
group was statistically and significantly higher than penicillin,
AMet_100, AMet_200, AOMet_200, CMet_100, CMet_200 groups.
Serum GPx value in the AOMet_200 group was statistically and
significantly higher than the CMet_100, CMet_200, COMet_200
and penicillin groups. Serum SOD level in the AMet_200 group
was statistically and significantly higher than CMet_200 and
COMet_200 group. Although serum SOD level in the AMet_200
group was higher than the penicillin group, it was not statistically
significant. When we evaluate our blood serum antioxidant
enzyme values and tissue antioxidant enzyme levels shown in the
literature, we can say that metformin increases the antioxidant
enzyme activities and partially delays the development of epilepsy.

4.1. Study Limitations

Molecular parameters were not evaluated due to budget
constraints.

5. CONCLUSION

In our study, it was concluded that metformin prolonged the
onset of seizure latency, decreased spike wave frequency and
amplitude, and increased the level of antioxidant enzymes in the
epilepsy model induced by penicillin. The good safety profile of
metformin suggests that the drug can be used in the treatment
of epilepsy, alleviating epileptic seizures, decreasing the level of
free radicals, and strengthening the antioxidant system. However,
more experimental, preclinical, and clinical studies are needed
to determine the long-term efficacy and safety of metformin in

epilepsy.
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ABSTRACT

Objective: Maturity-onset diabetes of the youth (MODY) is a genetically and clinically heterogeneous group of diseases which is often misdiagnosed
as type 1 diabetes or type 2 diabetes. The aim of this study is to identify the occurence of mutations in subjects classified clinically as having MODY,
and to determine phenotypic features and their long-term monitering consequences.

Methods: Eighteen probands were selected based on the clinical criteria of MODY. Firstly, in patients with mild stable fasting hyperglycemia
who did not progress, Sanger sequencing of GCK gene was performed as GCK-MODY was the most common cause of persistent and incidental
hyperglycemia in the pediatric population. Patients without a GCK gene mutation or without mild fasting hyperglycemia were analysed by using
targeted next-generation sequence for seven known monogenic genes of diabetes (ABCC8, GCK, HNF1A, HNF1B, HNF4A, INS, KCNJ11) to identify
the molecular pathology.

Results: We identified 11 GCK, 2 HNF1A, 2 KCNJ11 mutations in 18 probands. Eleven of them (73%) were previously reported and 4 of them (27%)
were assessed as novel mutations. In two patients who were treated with insulin before the molecular analysis, insulin was switched to sulfonylurea
and glibenclamide, after determination of pathogenic variants in HNF1A and KCNJ11, respectively. Retinopathy or nephropathy was not detected
among the patients.

Conclusion: The MODY has a large spectrum of clinical presentations. We detected 4 novel mutations among our cohort. Although GCK-MODY was
the most frequent type of our study population, identification of rare MODY types and follow-up of these patients would help us better understand
monogenic diabetes.

Keywords: Diabetes, MODY, next-generation sequencing

0z
Amag: Genglerin eriskin tipi diyabeti (Maturity onset diabetes of young - MODY), genellikle tip 1 diyabet veya tip 2 diyabet olarak yanlis teshis

edilebilen, genetik ve klinik olarak heterojen bir hastalik grubudur. Bu calismanin amaci, klinik olarak MODY olarak siniflandirlan olgularda
mutasyonlarini, fenotipik dzelliklerini tespit etmek ve bunlarin uzun vadeli izlem sonuclarini géstermektir.

Yéntemler: MODY klinik kriterlerine gére 18 olgu secildi. ilk olarak, pediatrik popiilasyonda kalici, tesadiifi hipergliseminin en yaygin nedeni
GCKMODY oldugundan, ilerleyici olmayan, hafif stabil aclik hiperglisemisi olan hastalarda, GCK geninin Sanger dizilemesi yapildi. GCK gen
mutasyonu olmayan veya hafif aclik hiperglisemisi olmayan hastalar, molekdler patolojiyi belirlemek icin bilinen yedi monogenik diyabet geni (ABCC8,
GCK, HNF1A, HNF1B, HNF4A, INS, KCNJ11) icin hedeflenen yeni nesil diziyle analiz edildi.

Bulgular: On sekiz probandda 11 GCK, 2 HNF1A, 2 KNCJ11 mutasyonu belirledik. Bunlarin 11 (%73) daha dnce tespit edilmis ve 4'G (%27) yeni
mutasyonlar olarak degerlendirilmistir. Molekiler analizden énce insilin ile tedavi edilen iki hastada, sirasiyla HNF1A ve KCNJ11'de patojenik
varyantlarin belirlenmesinden sonra tedaviler sulfoniltre ve glibenklamid olarak degistirildi. Hastalar arasinda retinopati veya nefropati saptanmadi.

ORCID IDs of the authors: E.S. 0000-0001-7121-1575; A.O. 0000-0002-5730-3198; H.N.P.K. 0000-0001-7398-765X; M.Y. 0000-0002-7117-8119;
O.A.D. 0000-0002-8310-4053.

Corresponding Author/Sorumlu Yazar: Elif Sagsak, Received Date/Gelis Tarihi: 13.01.2022 Accepted Date/Kabul Tarihi: 27.07.2022

E-mail: caliskanozturk@yahoo.com ©Copyright 2022 by University of Health Sciences Turkey, Gaziosmanpasa
Training and Research Hospital. Available on-line at www.jarem.org

OTelif Hakki 2022 Saglik Bilimleri Universitesi, Gaziosmanpasa Egitim ve Arastirma
Hastanesi. Makale metnine www.jarem.org web sayfasindan ulagilabilir.



https://orcid.org/0000-0001-7121-1575
https://orcid.org/0000-0002-5730-3198
https://orcid.org/0000-0001-7398-765X
https://orcid.org/0000-0002-7117-8119
https://orcid.org/0000-0002-8310-4053

Sagsak et al.
Evaluation of Patients with MODY

J Acad Res Med 2022;12(2):99-107

Sonug: MODY, genis bir klinik sunum yelpazesine sahiptir. Kohortumuzda 4 yeni mutasyon tespit ettik. GCK-MODY ¢alisma popllasyonumuzda en sik
gorilen tip olmasina ragmen, nadir MODY tiplerinin belirlenmesi ve bu hastalarin takibi monogenik diyabeti daha iyi anlamamiza yardimci olacaktir.

Anahtar kelimeler: Diyabet, MODY, yeni nesil dizileme

INTRODUCTION

Maturity onset diabetes of the youth (MODY), which is estimated to
account for 1-2% of all patients with diabetes, is a monogenic form
of diabetes that is inherited in an autosomal dominant manner. It
encompasses a genetically and clinically heterogeneous group
of diseases affecting pancreatic f-cells and resulting in impaired
insulin secretion (1,2). At least 14 MODY subtypes with distinct
genetic etiologies have been identified to date (GCK, HNF1A,
HNF4A, HNF1B, PDX1, NEUROD1, KLF11, CEL, PAX4, INS, BLK,
KCNJ11, ABCC8, APPL1) (3).

The MODY may be misdiagnosed as type 1 diabetes (T1DM)
or type 2 diabetes (T2DM) and there can be a significant
overlap in clinical features (4). The importance of diagnosing
MODY includes the application of optimal treatment. It will be
possible to switch to sulfonylurea therapy in patients with some
MODY types such as GCK-MODY previously misdiagnosed
as T1DM and in whom insulin therapy has been started. The
diagnosis of MODY can also positively affect glycemic control,
prognosis and quality of life. Moreover, it would be possible to
determine the family members under risk because the disease
is inherited in an autosomal dominant manner (5). Targeted
next-generation sequencing (tNGS) is reported to be utilized
in diagnosis of monogenic diabetes with up to 100% sensitivity
(6).

The aim of this study is to identify the occurence of both reported
and novel mutations in subjects classified clinically as having
MODY by using tNGS, and to determine phenotypic variability,
clinical and metabolic features and their long-term monitering
consequences.

METHODS

Patients who fulfilled at least two criteria mentioned below were
included in the study: 1-a family history of diabetes in one parent,
2-negative antibodies for glutamic acid decarboxylase or islet
cells, 3-low (<0.5 1U/kg/day) insulin requirements 3 years after the
diagnosis and with C-peptide level 20.6 ng/mL, 4-persistent but
nonprogressive fasting hyperglycemia, and 5-clinical presentation
resembling T2DM with normal fasting C-peptide levels but without
obesity, acanthosis nigricans, or insulin resistance. Eighteen
children with a clinical diagnosis of MODY aged between 1
and 18 years, who were followed up at three different pediatric
endocrinology clinics between January 2015 and December 2019
were included. Sanger sequencing of GCK was performed in 16
patients with a fasting glucose level between 99 and 145 mg/dL,
and with HbA1c level <7.5%. Other patients who did not have mild
fasting hyperglicemia or without GCK mutation were analysed by
using tNGS for seven known monogenic diabetes genes. The
genetic testing stratergy is illustrated in Figure 1.

Data about presenting complaints, age at diagnosis, duration of
diabetes, medical history of the proband andfamily, diagnosisifany
before MODY diagnosis, treatment plans, duration of follow-up,
baseline anthropometric measurements, and physical examination
findings were obtained from the hospital records. Laboratory
results including fasting blood glucose (FBG), urine glucose-
ketone, venous blood gases, serum insulin, C-peptide and/or
insulin, HbA1c levels in admission and diabetes autoantibodies
were recorded. Standard deviation (SD) scores of weight, height
and body mass index (BMI) of patients were calculated by using
reference values for Turkish children (7). According to age and

Diagnosed as MODY by clinical criteria (n=18)

!

l

GCK gene mutation
determined
(n=15) genes

(n=1)

Genetic screening of GCK gene Genetic screening of 14 MODY genes
HbA1c<7.5 (n=2)
Fasting blood glucose 99-145 mg/dL
(n=16)
y No GCK gene mutation

Genetic screening of other MODY

Figure 1. Genetic testing algorithm
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gender, patients with BMI between the 85" and 95" percentiles
was considered as overweight, and patients with BMI >95%
percentile was considered as obese. Diabetic ketoacidosis was
biochemically defined as venous pH <7.3 or serum bicarbonate
concentration <15 mmol/L, and serum glucose concentration
>200 mg/dL together with ketonemia, glucosuria, and ketonuria
(8). All patients were evaluated by the ophthalmologist with direct
ophthalmoscopy for diabetic retinopathy 2 years after diagnosis.
Urinary albumin/creatinine ratio (ACR) was analyzed. According
to the 2018 International Society for Pediatric and Adolescent
Diabetes guidelines, patients with ACR value above 30 mg/g
(spot urine) were evaluated for diabetic nephropathy (9).

Genetic Analysis

After obtaining written informed consent, blood samples were
obtained from the patients and available parents. Automatic DNA
isolation was performed in accordance with the standard protocols
of the QIAAmp DNA Mini (Qiagen) kit from EDTA-anticoagulated
peripheral blood samples.

Sanger sequencing: Sanger sequencing of all coding exons of
GCK was performed using BigDye terminator chemistry 3.1 on the
3130 Genetic Analyzer (Applied Biosystems). Primer sequences
and PCR conditions are available on request.

Targeted NGS: Within the scope of the test, the sequencing
was done on Miseq (lllumina) Next Generation Sequencing
platform using SOPHIA Clinical Exome Solution using lllumina
V2 chemicals. The targeted gene panel consisted of 7 (ABCCS,
GCK, HNF1A, HNF1B, HNF4A, INS, KCNJ11) genes associated
with MODY. Sequence analysis covered coding regions of each
gene, including all coding exons, +/- 10 base pairs of adjacent
intronic sequences and each nucleotide was read at a depth
of at least 50X. Any variants that fall outside these regions and
exonic variants with a minor allele frequency of less than 10% were
considered as false positives and not analyzed. With this analysis,
copy number variations were not examined. The DNA sequences
were aligned to the NCBI Build36 (hg18) version of the human
genome. Variant calling and data analysis were performed by
Sophia-DDM-V5.2 bioinformatics analysis program.

Interpretation of Mutations

The interpretation of the variants were performed according
to the 2015 ACMG standards and guidelines (10). Since there
were not enough genome and exome databases for the Turkish
population, 1000 genome projects, dbSNP, EXAC, GnomAD data
were used as control population. The effects of the variants on
protein function were investigated by using prediction programs
such as SIFT, Polyphen, and MutationTaster. Human Gene
Mutation Database (HGMD) and ClinVar databases were used
to investigate mutations which were previously associated with
MODY.

Statistical Analysis

Statistical analyses in our study were performed using the SPSS
(Version 22.0, SPSS Inc., Chicago, IL, USA) package program. The

Sagsak et al.
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normality distribution of the retrospective data was evaluated with
the Kolmogorov-Smimov test. Descriptive statistics for continuous
variables were presented as mean = SD in normally distributed
data, median (minimum-maximum) in non-normally distributed
data, and categorical data as numbers and percentages (%).

The study was approved by Taksim Training and Research Hospital
Clinical Research Ethics Committee (decision no: 83, date:
12.06.2019) and was performed in accordance with the Helsinki
Declaration.

RESULTS

Clinical Features of the Patients

A total of 18 patients, 12 females (66.6%), 6 males (33.3%),
diagnosed as having MODY by using clinical criteria were
included in the study. The mean age of the patients at diagnosis
was 13.9+5.4 years (range 5-17). The mean BMI was 18.2+1.9 kg/
m? (range 15.5-26.5), and all patients had normal weight, except
for patient 8 (GCK-MODY) who was overweight (26.5 kg/m?).

The presenting complaints of two patients (11%) were polydipsia,
polyuria, whereas the remaining 16 (89%) patients had incidental
hyperglycemia. Mean duration of follow-up was 40.1+10.6 months
(range 9-156 months). None of the patients were diagnosed
as having ketoacidosis at the initial evaluation or during the
follow-up. Mean FBG, HbAlc, C-peptide and insulin levels at
presentation were 138.7+15.9 mg/dL, 6.7+0.4%, 1.5£0.8 ng/mL,
and 7.3£1.2 IU/mL, respectively. Glucosuria was detected in P17
(HNF1A-MODY) and P18 (KCNJ11-MODY). Treatment consisting
of medical nutrition therapy alone was given to 15 (83.3%)
patients, whereas insulin was used in 1 (5.5%) patient, sulfonylurea
in 2 (11.1%) patients. None of the patients had retinopathy or
nephropathy during follow-up. Clinical characteristics of the
patients are summarized in Table 1.

Moleculer Genetic Test Results

We identified 15 patients with GCK variants (5 pathogenic and 10
likely pathogenic), 2 patients with HNF1A variants (1 pathogenic,
1 variant), and 1 patient with 2 differerent KCNJ11 mutations
(variant/pathogenic). Two patients who had GCK and HNF1A
mutations also had novel ABCC8 mutations classified as variant
of uncertain significiance (VUS) (Table 2). The frequency of GCK-
MODY, HNF1A-MODY and KCNJ11-MODY was 83.3% (15/18),
11.1% (2/18) and 5.5% (1/18), respectively in our cohort. All variants
were heterozygous. There were 4 novel GCK gene mutations
(c.74T>C, ¢.106_108delAGAInsTGG, c¢.534delG, c.583G>A).
Genetic characteristics are summarized in Table 2. Segregation
analysis could be performed only in P15 and P17.

Characteristics of Patients with GCK Mutation

In patients with a GCK mutation (10 females and 5 males), mean
age was 11+4.4 years (range 4.8-17 years) and mean duration of
follow-up was 3.8 years (1-13 years). Mean FBG, HbA1c, C-peptide
and insulin levels were 120.3+13 mg/dL, 6.5+0.2%, 1.4+0.7 ng/mL,
and 7.5£1.2 IU/mL, respectively. Patients 12 and 13 were siblings.
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All six patients (P2, P3, P4, P10, P12, P13) had been diagnosed
before puberty. While P7 and P14 had been diagnosed due to
polyuria and polydipsia, others had been diagnosed due to
incidental hyperglicemia. None of the patients had ketonemia,
ketoacidosis at the time of diagnosis or during follow-up.
Hyperglycemia was not detected in the parents of P1, P3, P11 and
P14, however they had affected relatives. Mothers of two siblings
(P12-P13), P9 and P10 had gestational diabetes. All of the patients
were consuming low carbohydrate diet. P9 needed low dose of
insulin (0.1 U/kg). Before the moleculer diagnosis of MODY, P15
was followed up for 9 months diagnosed as having T1DM, and
P12 and P13 (two siblings) were diagnosed as having T2DM for 5
years. After the genetic diagnosis, insulin and antidiabetic drug
were discontinued.

Eleven different heterozygous mutations were identified in 15
patients. P3 and P10, P8 and P9, P12 and 13, P11 and P14 had
same variants. There were 9 (82%) missense mutations, 1 (9%)
frameshift mutation and 1 (9%) indel variants. Seven of the variants
had already been reported (c.506A>G, c.676G>A, c.506A>G,
c.661G>A, c1178T>C, c.898G>A, c.544G>A). The remaining
four variants (c.74T>C, c.106_108delAGAInsTGG, c.534delG,
c.583G>A) were not listed in HGMD, ClinVar or PUBMED and were
classified as novel mutations. In P15, a heterozygous missense
ABCCB8(c.2888A>G) VUS variant was also identified along with the
likely pathogenic variant in GCK. Mother of P15 was heterozygous
for the variant in ABCC8 and the father was heterozygous for the
variant in GCK.

Characteristics of Patients with HNF1A Mutation

The mean age at diagnosis was 12.2+3.6 years (8.6-17 years). All
patients were diagnosed during adolescence. None of them was
obese. The mean HbAc level at diagnosis was 8.5+2.5% (6-11%).
They had been diagnosed due to incidental hyperglycemia. One
of patients had positive family history of diabetes and one of the
mothers was diagnosed during pregnancy. None of the patients
had ketosis at the time of diagnosis or during follow-up. Before
the diagnosis of MODY, P17 was followed up for 1 year with a
diagnosis of TIDM. After the genetic diagnosis, insulin therapy
was switched to sulfonylurea treatment. P16 was monitored
without any treatment. Two different mutations in HNF1A
gene were identifed in 2 patients. In P16, a previously reported
missense VUS variant (c.716C>T) was detected. P17 had a known
a frameshift variant in HNF1A (c.872dupC) and a synonymous
variant in ABCC8 (c.1996C>T) classified as pathogenic and VUS,
respectively. Father of P17 was also heterozygous for HNFTA
(c.872dupC) variant.

Characteristics of Patient with KCNJ11 Gene

A KCNJ11
hyperglycemia was detected at the age of 14. Before the diagnosis

mutation was detected in a boy. Incidental

of MODY, he was followed up for 3 years with the diagnosis of
T1DM. A two-generation positive family history was noted. The
FBG, HbA1lc, C-peptide and insulin levels were 178 mg/dL,
9.2%, 3.22 ng/mL, and 7.8 IU/mL, respectively at diagnosis. Urine
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glucose was positive. He did not have ketosis or ketoacidosis. Two
known missense mutations were detected in the KCNJT11 gene
(c.1054G>C and c.965A>C) classified as VUS and pathogenic,
respectively. After the genetic diagnosis, insulin treatment was
switched to glibenclamide. He has been followed up for 4 years,
so far, he has no retinopathy or nephropathy.

DISCUSSION

In this study, 18 patients were selected with the clinical criteria
of MODY. We assessed mutation distribution, novel mutations,
clinical characteristics, and prognosis. Today, tNGS is routinely
performed in all newly diagnosed patients. Early diagnosis
and correct diagnostic approach are essenstial for appropriate
treatment and for patients who have a milder phenotype. GCK
mutations were the most frequent in our cohort. We detected
GCK mutations in 15 of the 18 patients with MODY (83.3%). The
frequency of GCK-MODY varies according to different healthcare
systems. In countries which perform routine blood glucose
screening such as Italy, France, and Spain, GCK mutations are the
most common cause of MODY. However, in the United Kingdom,
where the studies mainly included symptomatic patients, HNF1A
mutations were more common than GCK mutations (11). Similar
to our study, variants were most frequently found in the GCK gene
in several studies in Turkey (12-15). Heterozygous loss-of-function
mutations in the GCK gene cause GCK-MODY. Mutations in
GCK usually presents with mild hyperglycemia. Almost 15% of
all patients with incidental hyperglycemia may be caused by
GCK mutations (16). In our study, except 2 patients, all the other
patients with a GCK mutation were diagnosed due to incidental
hyperglycemia. In the remained 2 patients (P7 and P14), polyuria
and polydipsia were the presenting symptoms. These osmotic
symptoms are rarely observed in patients with GCK-MODY (17).
Patients with GCK-MODY usually have a lower HbATc level and
good metabolic control. In support of this view, among patients
with GCK-MODY in our cohort, HbA1c levels were between 6.1-
6.9%. Normal levels of blood glucose were achieved with only
medical nutrition therapy in 14 of 15 patients. The remained one
patient needed low dose insulin (0.1 U/kg) therapy because of
non-compliance to diet and HbAc level rising up to 7.1%. We
discontinued oral antidiabetic drugs in 2 siblings (P12 and P13)
who were misdiagnosed as having T2DM before the molecular
diagnosis. Therapy was continued with only medical nutrition
therapy in such patients. The similar incidence of microvascular
complications compared with controls without diabetes was
reported in patients with GCK-MODY (18). Based on this, none of
our patients with GCK-MODY in our cohort had any microvascular
complications. In one patient (P15), a VUS variant in the ABCC8
gene was detected in addition to the GCK variant. However, we
did not consider that the ABCC8 variant to have a modifying
effect, since this patient’s clinical status was not different from
patients with GCK mutations.

In HNF1A-MODY, response of insulin secretion to blood glucose
levels is severely reduced. However, our patients (P16 and P17)
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with HNF1A mutations had been diagnosed with incidental
hyperglicemia. This situation may be related to the pathogenicity
of mutations. We detected 2 different HNF1A mutations in 2
patients. Variant in P16 was classified as VUS and this patient
had mild hyperglycemia, and so far, did not need treatment. P17
was misdiagnosed as having T1IDM and blood glucose levels
were high even with the insulin treatment before the molecular
diagnosis. In addition to the pathogenic variant in HNF1A, there
was an additional synonym VUS variant in ABCC8 in this patient
and we considered that this variant had no contribution to the
phenotype.

Heterozygous mutations in KCNJ11 which encode the 2 subunits
(Kir6.2 and SURT, respectively) of the pancreatic p-cell ATP
sensitive potassium (K ATP) channels have been shown to cause
a wide spectrum of phenotypes, ranging from neonatal diabetes
to MODY (19). Moreover, heterozygous KCNJ11 mutations were
identified in a Chinese family with early onset T2DM (20). In our
study, two KCNJ11 variants were detected only in P18. Among
heterozygous KCNJ11 mutations, c.965A>C (p.Glu322Ala) variant
was classified as pathogenic and ¢.1054G>C (p.Asp352His) variant
was classified as VUS. In previous studies, ¢.965A>C (p.Glu322Ala)
variant was identified in two patients with transient neonatal
diabetes and it was reported that sulfanylurea was effective in
the treatment of these patients (21,22). P18 was misdiagnosed
as T1DM and treatment was switched to glibenclamide after
the molecular diagnosis. Sulfanylurea was also effective in our
patient. He was using glibenclamide for four years and HbA1c
level decreased after the treatment change.

Study Limitations

There are some limitations in this study. Segregation analysis
could not be performed in all parents of the patients. So, we could
not detect if the mutation was de novo or not. We also could not
perform functional anayses of the new mutations.

CONCLUSION

Since a wide spectrum of phenotypes of MODY has been shown,
identification of new mutations and experiences of the clinics are
very important. This study provides molecular-clinical features of
MODY in three different centers.
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