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YAZARLARA BILGiI

Ankara Universitesi Tip Fakiiltesi Mecmuasi, Ankara Universitesi Tip Fakiiltesi
tarafindan (¢ ayda bir (Mart, Haziran, Eyliil, Aralik) yayinlanir. Temel, Dahili, ve
Cerrahi Tip Bilimleri konusunda arastirma, davetli derleme ve olgu sunumlar
yayinlamayi amaclar.

Ankara Universitesi Tip Fakiiltesi Mecmuasi bagimsiz, ényargisiz ve cift-kor
hakemlik ilkeleri cercevesinde yayin yapan siireli bir yayin organidir. Makale bas
editore ulasinca bilimsel kalitesi degerlendirilir ve 6n degerlendirmeyi gecen yazilar
yardimei editdre gonderilir. Bolim editorli makaleyi 2 hakeme gdonderir. Hakemler
21 giin icinde kararlarini belirtmelidirler. Yardimei editor hakem kararlarina kendi
degerlendirme ve onerisini ekleyerek bas editére gonderir ve son karari bas editor
verir. Hakemlerin kararlari catisiyorsa dergi editorli yeni hakem atayabilir.

Derginin editoryal ve yayin siirecleri ile etik kurallari the International Committee
of Medical Journal Editors (ICMJE), World Association of Medical Editors (WAME),
Council of Science Editors (CSE), Committee on Publication Ethics (COPE),
European Association of Science Editors (EASE), ve National Information Standards
Organization (NISO) gibi uluslararasi kuruluslarin kurallarina uygun olarak
sekillenmektedir. Dergimiz, seffaf olma ilkeleri ve "akademik yaymncilikta en iyi
uygulamalar ilkeleri” ile uyum icindedir.

Dergiye yayinlanmak amaciyla gonderilen ve etik kurul onayi alinmasi zorunlulugu
olan deneysel, klinik ve ila¢ arastirmalari icin uluslararasi anlagsmalara ve
Helsinki Bildirisine uygun etik kurul onay raporu gereklidir. Etik kurul onayr ve
"bilgilendirilmis gonillli onam formu" alindi§i arastirmanin "Hasta ve Yontem"
bélimiinde belirtilmelidir. Deneysel hayvan calismalarinda ise yazarlar Guide for the
Care and Use of Laboratory Animals dogrultusunda hayvan haklarini koruduklarini
belirtmeli ve kurumlarindan etik kurul onay raporu almahdir.

Makale tiirlerinin gdnderimi, arastirma raporlama kilavuzlarina uygun olarak
tasarlanmalidir:

insan arastirmalan: Helsinki Declaration as revised in 2013

Sistematik incelemeler ve meta-analizler: PRISMA guidelines

Vaka raporlari: Cthe CARE case report guidelines

Klinik denemeler: CONSORT

Hayvan calismalari: ARRIVE ve Guide for the Care and Use of Laboratory Animals

Arastirmalara yapilan her tiirlii yardim ve diger desteklerin alindigi kisi ve kuruluslar
beyan edilmeli ve ¢ikar catismasiyla ilgili durumlari aciklamak amaciyla Cikar
Catismalari Bildirim Formu doldurulmalidir.

Yayin, direkt ya da indirekt ticari baglanti iceriyorsa veya calismaya materyal destegi
veren bir kurulus varsa, yazarlar kullanilan ticari triin, ilag, firma vs. ile ticari hicbir
iliskisinin olmadigini ya da var ise nasil bir iliskisinin oldugunu (konsiiltan, diger
anlasmalar), edit6re sunum sayfasinda belirtmek zorundadir.

incelemeye sunulan arastirmada olasi bir bilimsel hata, etik ihlal siiphesi veya
iddiasiyla karsilasilirsa, bu dergi verilen yaziyi destek kuruluslarin veya diger
yetkililerin sorusturmasina sunma hakkini sakl tutar. Bu dergi sorunun diizgiin
bicimde takip edilmesi sorumlulugunu kabul eder ancak gercek sorusturmayi veya
hatalar hakkinda karar verme yetkisini tistlenmez.

Genel Kurallar

Yazilar sadece ¢evrim-ici olarak kabul edilmektedir. Yazarlarin makale gonderebilmesi
icin Journal Agent web sayfasina kayit olup, sifre almalar gerekmektedir.

Turkce yazilarda Tiirk Dil Kurumu'nun Tiirkce Sozlugli ve Yazim Kilavuzu temel
alinmalidir.

Sayfa diizeni: Makaleler, A4 sayfasininin iki yaninda 2.5 cm bosluk birakacak
sekilde, Arial yazi stilinde, 12 font buyikligiinde, 1.5 satir araligiyla, Microsoft
Word programinda yazilmahdir.

Kisaltmalar: Kelimenin ilk gectigi yerde parantez icinde ve tlim metin boyunca
kullanilir. Uluslararasi  kullanilan kisaltmalar icin  "Bilimsel Yazim Kurallar”
kaynagina basvurulabilir.

Editore sunum sayfasi: Gonderilen makalenin kategorisi, daha 6nce baska bir
dergiye gonderilmemis oldugu, var ise calismayr maddi olarak destekleyen kisi
ve kuruluslar ve bu kuruluslarin yazarlarla iliskileri, makale ingilizce ise; ingilizce
yoniinden kontrolliniin ve arastirma makalesi ise biyoistatistiksel kontrolliniin
yapildigr belirtilmelidir.

Yazi Cesitleri
Sisteme ylklenen tiim makaleler asagidaki kurallara uygun olmalidir:

Baslik sayfasi: Makalenin basligi, kisa baslik, yazar isimleri ve yazar bilgilerini
kapsayan sayfadir. Sirastyla su tanimlar yapilmalidir:

1. Makalenin baghgi (Tiirkge ve ingilizce) miimkiin oldugunca kisa ve
aciklayici olmali, kisaltma icermemeli ve 12 kelimeyi asmamalidir.

2. Kisa baslik (Tiirkce ve ingilizce) en fazla 60 karakterden olusmalidir.

3.Yazar isimleri (yazarlarin isimleri tam olarak kisaltiimadan yazilmahdir,
yazarin akademik gdrevi yazilmamalidir) ve bagli bulundugu kurumlar.

4. iletisim kurulacak yazarin ismi, adresi, telefon ve faks numarasi ile e-posta
bilgileri.

5.Bilimsel toplantilarda sunulan ve 0Ozeti kongre kitabinda yer almis
eserlerin toplanti yeri ve tarihi.

(Ozet: Makalenin 6zeti Tiirkce ve ingilizce yazilmalidir. Ozet 250 kelimeyi asmamalidir.
Kaynaklara atif yapilmamalidir. Mimkiin oldugunca kisaltmalar kullanilmamalidir;
kullanildigr halde ana metinden bagimsiz olarak ele alinmalidir.

Arastirma makalelerinde, 6zet asagidaki basliklardan olusmalidir:
Amac: Calismanin amaci acikca belirtilmelidir.

Gerec ve Yontem: Calisma tanimlanmali, standart kriterleri, randomize olup olmadigi,
retrospektif veya prospektif oldugu ve varsa istatistiksel yontem belirtilmelidir.

Bulgular: Calismanin detayli sonucu verilmeli, istatistik anlamlilik derecesi
belirtilmelidir.

Sonug: Cahismanin sonuglarini yansitmal, klinik uygulanabilirligi tanimlamali,
olumlu ve olumsuz yonleri gosterilmelidir.

Anahtar Kelimeler: En az 3, en ¢ok 5 anahtar kelime 6zetin sonunda yer almalidir.
ingilizce anahtar kelimeler "Medical Subject Headings'e (MESH)" uygun olarak
verilmelidir. Tiirkce anahtar kelimeler ise MESH terimlerinin aynen cevirisi olmalidir.

Ozgiin Arastirmalar

Klinik arastirma, klinik gdzlem, yeni teknikler, deneysel ve laboratuvar calismalarini
kapsar. Ozgiin arastirmalar; baslik, 6z, yazinin ana konusu ile ilgili anahtar kelimeler,
giris, hasta/gerec ve yontem, bulgular, tartisma, kaynaklar, tablolar/sekiller ve
tesekkiir béliimlerini icermelidir. Bagslik, 6z ve anahtar kelimeler hem Tiirkce hem
ingilizce yazilmalidir. Yazi yukaridaki kurallara uygun olarak diizenlenmeli ve 3000
kelimeyi asmamahdir.

Giris: Konu hakkinda kisa ve 6z bilgi verilmeli, calismanin amaci belirtilmeli, bunlar
literatiir bilgisi ile desteklenmelidir.
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YAZARLARA BILGiI

Gerec ve Yontem: Calisma plani verilmeli, randomize olup olmadig, retrospektif
veya prospektif oldugu, denek sayisi, 6zellikleri, calismaya dahil edilme ve dislanma
kriterleri, kullanilan istatistiksel yontem belirtilmelidir.

Bulgular: Elde edilen sonuclar belirtilmeli, tablolar ve sekiller numara sirasiyla
verilmeli, sonuclar uygulanan istatistiki analiz yontemine gore degerlendirilmelidir.

Tartisma: Elde edilen degerler olumlu ve olumsuz yonleriyle tartisilmal, literatiir ile
karsilastirilmali, calismadan elde edilen sonug¢ vurgulanmalidir.

Tesekkiir: Her tirlti cikar catismasi, finansal destek, bagis ve diger editdryal
(istatistik analiz, ingilizce/Tiirkce degerlendirme) ve/veya teknik yardim var ise
metnin sonunda sunulmalidir.

Kaynaklar: Kaynak sayisi 401 asmamalidir. Kaynaklarin gercekliginden yazarlar
sorumludur. Kaynaklarin yazim kurallari hakkinda gerekli bilgi “Kaynaklar"
béliimiinde bulunmaktadir.

Olgu Sunumlar

Nadir goriilen, tani ve tedavide farkhhk gosteren, mevcut bilgilerimize yenilerini
ekleyip, katki saglayan olgulari icermelidir. Tiirkce ve ingilizce baslk, 250 kelimeyi
asmayan, yapilandirilmamis 6z ve anahtar kelimeler ilk sayfada yer almalidir. Ana
metin 1500 kelimeyi asmamal ve giris, olgu sunumu, tartisma ve 20'yi asmayan
kaynaklardan olusmalidir.

Derleme

Dergi sadece davetli derleme yayinlar. Bir bilgi ya da konunun klinikte kullaniimasi
icin vardigi son diizeyi anlatan, tartisan, degerlendiren ve gelecekte yapilacak
olan calismalara yon veren bir formatta hazirlanmalidir ve giincel bir konuyu,
bagimsiz, hicbir farkh goriisii 6ne cikarmadan derinlemesine incelemelidir. Yazinin
ilk sayfasinda Tiirkge ve Ingilizce baslk, yapilandinimamis 6z, anahtar kelimeler
bulunmalidir. Konuda gecen her alintinin kaynagr mutlak gosterilmeli ve 100U
ge¢cmemelidir. Ana metin 5000 kelimeyi asmamaldir.

Kaynaklar

Yazarlar kaynaklarin gercekliginden ve metin icindeki dogru kullanimindan
sorumludur. Tlim kaynaklar asagidaki kurallara gore diizenlenmelidir:

Metin icinde: Kullanilan kaynaklar, ilgili climlenin sonunda noktadan 6nce
parantez icinde belirtilmelidir. Eger, kullanilan kaynagin yazar/yazarlari ciimle
basinda belirtiliyorsa, kaynak isimden hemen sonra gelecek sekilde parantez icinde
yazilmahdir. Tirkce kaynak var ise, belirtilmesine 6zen gosterilmelidir.

Kaynaklar ~ bdéliimiinde: Kaynaklar metin icerisinde gecis sirasina gore
numaralandinimalidir. Ucten fazla yazar ismi oldugu durumlarda, i¢ yazardan
sonra Tiirkce yayinlarda "ve ark.", yabanci dildeki yayinlarda “et al." kullaniimalidir.
Dergilerin isimleri Index Medicus'ta kullanilan stillere gére kisaltiimalidir.

Kaynak yazimi igin ornekler

Dergi: Vargiin R, Ozkan-Ulu H. Nérolojik problemli cocuklarda beslenme problemleri
ve tedavisi. J Ankara Univ Fac Med. 2004;4:181-185.

Kitap: Cakmak M. Ortopedik muayene. 2nd ed. Istanbul: Nobel Tip Kitapevleri; 1991.

Editorlii kitap: Kurt N, editor. Yetiskinlerde ve Cocuklarda Ameliyat Oncesi
Degerlendirme. Istanbul: Nobel Tip Kitapevleri; 2002.

Kitap icinden bir béliim: Rowe JS. Liver. In: Skandalakis JE, Gray SW, Rowe JS,
editorler. Anatomical Complications in General Surgery. 1st ed. New York: McGraw-
Hill Book Co.; 1986. s. 103-124.
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Bilimsel toplantida yapilan sunumlar: Seyhan F. Kalca ekleminde ylzey degistirme
artroplastisinin (Wagner protezi) gec sonuclari. In: Ege R, editor. X. Milli Ttirk
Ortopedi ve Travmatoloji Kongre Kitabi; 17-20 Mayis, 1987; Mersin, Tlrkiye. Ankara:
Emel; 1989. s. 494-6 (Yayinlanmamis toplanti sunumlarinin kaynak gosterilmemesi
gerekir)

Bilgisayar programlari: StatView SE+Graphics [computer program]. Version 1.03.
Berkeley: Abacus Concepts Inc.; 1988.

Sekil ve Tablolar

Tiim gorsel materyaller (resim, grafik ve c¢izilmis sekiller) “Sekil” olarak
adlandirilmalidir. Kullanilan tiim sekillere metnin icinde atif yapiimahdir. Tim
sekillerin altyazilari ayn bir sayfada metne eklenmeliler. Her sekil ayri bir dosya
olarak ve “jpeg" formatinda yuiklenmelidir. Tiim sekiller miimkiin olan en yiiksek
kalitede ve ¢oziiniirliikleri en az 300 dpi olmalidir. Tim sekiller orijinal olmalidir.
Daha &nce baska kaynaklarda yayinlanan sekiller, sahibinin yazili izni ile birlikte
ylklenmelidir. Gerekli izinler makale basvuru isleminden &nce yazarlar tarafindan
alinmalidir. Hastanin kimliginin anlasilabilecegi resimlerde, hastanin ya da kanuni
temsilcisinin imzah onayi gdnderilen yaziya eklenmeli; aksi halde séz konusu kisi
ya da kisilerin isimleri ya da gozleri bantla kapatilmalidir. Mikroskobik resimlerde
biyiitme orani ve kullanilan boyama teknigi belirtilmelidir.

Tablolar yazinin sonuna eklenebilir veya bitiinleyici dosya olarak gonderilebilir. Ana
metne eklenen tablolarin herbiri ayri sayfaya yerlestirmeli ve aciklayici basliklari
tablonun (stiinde bulunmalidir. Tablolar her biri ayri dosya olarak yiiklendiyse,
basliklari ana metinde ayri bir sayfada belirtilmelidir.

Bilgilendirerek Onay Alma ve Etik Kurallar

insanlar Gizerinde yapilan deneysel calismalarin sonuclarini bildiren yazilarda, bu
calismanin yapildigi goniillii ya da hastalara uygulanacak prosediir(lerin) ozelligi
timiiyle anlatildiktan sonra, kendilerinin bilgilendirilip onaylarinin alindigini
gosterir bir climle bulunmalidir. Yazarlar, bu tiir bir calisma s6zkonusu oldugunda,
uluslararasi alanda kabul edilen kilavuzlara ve T.C. Saglik Bakanhg: tarafindan
getirilen ve 29 Ocak 1993 tarih ve 21480 sayili Resmi Gazete'de yayinlanan “ilac
Arastirmalari Hakkinda Yonetmelik” ve daha sonra yayinlanan diger yonetmelik ve
yazilarda belirtilen hiikiimlere uyuldugunu belirtmeli ve kurumdan aldiklari Etik
Komitesi onayini géndermelidir. Ayni sekilde, hayvanlar lizerinde yapilan calismalar
icin de gereken izin alinmali; yazida deneklere agri, aci ve rahatsizlik verilmemesi
icin neler yapildigr acik bir sekilde belirtilmelidir.
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Diyabetik Kardiyomiyopatide Kronik Iliml Egzersizin Iskemi -
Reperfiizyon Hasarina Etkisi

Effect of Chronic Moderate Intensity Exercise on Ischemia - Reperfusion Injury in Diabetic
Cardiomyopathy

@ Firat Akatl, ® Goktug Omercioglul, ® Hakan Figicilarl, ® Hasan Calisgkan2, ® Metin Bastugl

1Ankara Universitesi Tip Fakiiltesi, Fizyoloji Anabilim Dali, Ankara, Tiirkiye
2Balikesir Universitesi Tip Fakiiltesi, Fizyoloji Anabilim Dali, Balikesir, Tiirkiye

Amac: Diyabet hiperglisemi ile karakterize yaygin metabolik bir rahatsizliktir. Diyabetiklerde kalp, iskemi/reperfiizyon (I/R) hasarina karsi daha
hassas hale gelmektedir. Kalpte meydana gelen bu bozulmanin nedeninin diyabete bagli oksidatif stres artisi oldugu diistinilmektedir. Uygun siddet
ve siklikta uygulanan egzersiz oksidatif stresi azaltmakta ve I/R hasarina karsi koruyucu etki gostermektedir. Calismamizda kronik ihmli egzersizin
diyabette I/R hasari ve oksidatif stres Gzerindeki etikleri arastirilmistir.

Gereg ve Yontem: Calismada 10 haftalik erkek Wistar albino siganlar kullanilmistir (n=36). Hayvanlar rastgele dort gruba ayrilmistir: Kontrol (K),
Egzersiz (EX), Diyabet (DM), Diyabet+Egzersiz (DM+EX). Tip 1 diyabet streptozotosin (50 mg/kg) enjeksiyonu ile olusturulmustur. Hayvanlara artimh
yiik testi uygulanarak maksimum egzersiz kapasiteleri (MEK) belirlenmistir. Hayvanlar MEK degerlerinin %70'ine denk gelecek sekilde giinde 45
dakika haftada 5 giin olacak sekilde 12 hafta boyunca egzersiz yapmislardir. Hayvanlarin kalpleri Langendorff dlizenegine alinmis 30 dakika global
iskemi/120 dakika reperflizyon uygulanmistir. Sol ventrikiil gelisimsel basinci, kalp hizi, hiz-basing carpimi parametreleri 6l¢tilmistir. Alinan plazma
ve sol ventrikiil 6rneklerinde total oksidan ve antioksidan status, tiyol disiilfit dlizeyi 6lctimleri yapiimistir.

Bulgular: Kalp agirhigi/Viicut agirhgr verileri incelendiginde diyabetik hayvanlarda diyabete bagli hipertrofi gelistigini, egzersizin hipertrofiyi
engelleyemedigi anlasiimistir. DM grubunda kontrole gdre iskemi sonrasi toparlanma cevabinda bozulma goriilmustir. EX grubunda iskemiye
tolerans K grubuna gore artarken, DM+EX grubunda K ve DM grubuna gdre anlamli derecede daha kotlu toparlanma cevabi gozlenmistir. Hem
plazma hem de sol ventrikiil dokusunda 6l¢iilen oksidatif stres verilerinde herhangi bir anlamli dedisime rastlanmamistir.

Sonug: Kullanilan egzersiz protokoliiniin diyabetin yol actigi /R hassasiyetini daha da ilerlettigi anlasiimaktadir. Non-diyabetik hayvanlarda
uygulanan egzersizin kardiyoprotektif etkinligi gozlenirken, diyabetik hayvanlara uygun bir protokol olmadigi anlasiimistir. Oksidatif streste anlamh
degisiklikler gézlenmemistir. ilerleyen calismalarda &rneklem genisliginin biiyiitiilmesi ve daha diisiik egzersiz siddeti ile calisiimasi ile degerli
sonuclar elde edilebilir.

Anahtar Kelimeler: Diyabet, Egzersiz, Oksidatif Stres, iskemi/ReperfUzyon

Abstract

Objectives: Diabetes is a common metabolic disorder characterized by hyperglycemia. In diabetics, the heart becomes more susceptible to
ischemiafreperfusion (I/R) injury. The reason for this deterioration in the heart is oxidative stress increase due to diabetes. Exercise applied at
appropriate intensity and frequency reduces oxidative stress and has a protective effect against I/R damage. In our study, the effects of chronic
moderate exercise on I/R damage and oxidative stress in diabetes were investigated.

Materials and Methods: Ten-week-old male Wistar albino rats were used in the study (n=36). Animals were randomly divided into four groups:
Control (K), Exercise (EX), Diabetes (DM), Diabetes+Exercise (DM+EX). Type | diabetes was induced by injection of streptozotocin (50 mg/kg). The
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Abstract

exercise capacity (MEC) was determined by applying the incremental load test. Animals exercised 45 minutes/day, 5 days/week, for 12 weeks,
corresponding to 70% of their MEC. Hearts were removed and placed in the Langendorff apparatus and 30 minutes of global ischemia/120 minutes
of reperfusion was applied. Left ventricular developmental pressure, heart rate, rate-pressure product parameters were measured. Total oxidant and
antioxidant status, thiol disulfide levels were measured in the plasma and left ventricular samples.

Results: According to heart weight/body weight data, diabetes-induced hypertrophy developed in diabetic animals, and exercise could not prevent
hypertrophy. The recovery after ischemia was impaired in the DM group, while it was increasing in the EX group compared to the K. A significantly
worse recovery response was observed in the DM+EX group compared to the K and DM. No significant changes were found in the oxidative stress
data both in the plasma and left ventricle samples.

Conclusion: Current exercise protocol increased diabetes-induced I/R sensitivity. While there was a cardioprotective effect in EX, the protocol was
not a suitable protocol for diabetics. No significant change in oxidative stress was observed. In future studies, valuable results can be obtained by

enlarging the sample size and prefering lower exercise intensity.

Key Words: Diabetes, Exercise, Oxidative Stress, Ischemia/Reperfusion

Diabetes mellitus glikoz metabolizmasindaki bozukluklar,
instilin etkinligi ve/veya salgisinda meydana gelen degisimler
nedeniyle kronik hiperglisemi ile kendini gosteren, sik rastlanan,
metabolik bir hastaliktir (1). GUnimizde hareketsiz yasam
tarzi ve kot beslenme aliskanliklari nedeniyle diyabet hastaligi
oldukc¢a blyiik bir toplum saghgi problemi haline gelmistir.
2030 yili itibariyle diinya ¢apinda 366 milyon insanin diyabetik
olacagi 6ngoriilmektedir (2).

Diyabette kardiyovaskiiler komplikasyonlar en &nemli
morbidite ve mortalite nedenleri arasindadir (3). Diyabetik
bireylerde kalp, iskemifreperflizyon (I/R) hasarina karsi
daha hassas hale gelmekte ve iskemi sonrasi toparlanma
cevabinda azalmalar gorilmektedir (4-7). Literatlirde, I/R
uygulamasi sonrasi, diyabetik hayvanlarin infarkt alanlarinin
kontrol hayvanlarina gore daha biyiik oldugu go6zlenmistir
(8). Streptozotosin (STZ) enjeksiyonu ile diyabet yapilan
kemirgenlerde oksidatif stres artisina paralel I/R hasari artisi
saptanmis, antioksidan etkinligi bilinen maddelerin uygulanmasi
I/R hasarinda azalmaya neden olmustur (7,9,10). Diyabetiklerde
gorilen I/R hasarindaki artisin en 6nemli nedeni artmis kronik,
bazal oksidatif strestir (11).

Oksidatif stres artisi, reaktif oksijen tiirevleri (ROS) adi verilen,
hiicrelerde oksidatif metabolizma sonucunda ortaya ¢ikan serbest
radikallerin artmasi veya bu radikalleri tamponlama gorevi goren
antioksidan enzim sistemlerinde meydana gelen bozulmalar
nedeniyle gerceklesir. Artmis oksidatif stres hiicrenin yasamsal
faaliyetleri icin kritik dnemde olan proteinler, ntkleik asitler gibi
molekiillerin hasar gérmesine neden olur (12). Diyabetik insan
ve hayvan calismalarinda oksidatif stresin hem doku diizeyinde
hem de plazmada artis g6sterdigi bildirilmektedir (6,13-16).

Diizenli yapilan egzersizin insan sagligi lizerindeki yararli
etkileri bilinmektedir. Aerobik egzersiz, gorece disiik siddette
stirdurllen ve enerji ihtiyacinin temelde oksidatif siireclerden
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karsilandigi, anaerobik egzersiz ise maksimale yakin efor
gerektiren, genellikle glikolitik metabolizmanin baskin oldugu
egzersiz tipidir (17). Literatiirde egzersizin I/R hasarini iyilestirici
etkisi hem insan calismalarinda hem de deney hayvani
modellerinde defalarca gosterilmistir (18-22). Her ne kadar
egzersizin I/R hasari tizerindeki yararh etkileri bilinse de saglikli
veya kronik hastaligi olan (diyabetik, dislipidemik, hipertansif,
vb.) gruplarda dogru egzersiz protokoliiniin belirlenmesi hala
Uzerinde arastirma yapilan bir alandir. Her ne kadar anaerobik
egzersiz onkosullama etkisi ile kardiyak ve metabolik siireclerde
potent bir etkiye sahip olsa da, kronik hastaligi olan gruplarda
olumsuz etkilere neden olabilmektedir (23). Bu nedenle
calismamizda orta siddette egzersize karsilik gelen bir egzersiz
protokolii secilmistir.

Calismamizin amaci STZ enjeksiyonu ile diyabet olusturulmus
sicanlarda egzersizin kardiyak I/R hasari Gzerindeki etkilerini
arastirmaktir. Calismamizda, 12 haftalik kronik, orta siddette
yapilan ve hayvanlarin maksimal egzersiz kapasitesine (MEK)
gore planlanan kosu egzersizinin diyabetin yaratacagi kardiyak
I/R hassasiyetini engelleyecegdini hipotezlenmektedir.

Egzersizin (egzersiz siddeti, tipi ve yogunluguna bagh
olarak) genellikle antioksidan savunma sistemlerini giiclendirip,
ROS'lerin  Uretimini  azaltarak oksidatif stresi azalttig
bilinmektedir (24-26). Secilen egzersiz protokoliiniin sicanlarda
oksidatif stresi azaltacagini ve bu azalmanin da I/R hasarinda
koruyucu bir etki gosterecedi 6ngorilmektedir.

Gerec ve Yontem

Deney Hayvanlan ve Etik Kurul izni

Calismada erkek, yetiskin (10 haftalik), Wistar albino (Rattus
norvegicus) cinsi sicanlar kullanilmistir (n=36). Hayvanlar,
Ankara Universitesi Deney Hayvanlari Uretim ve Arastirma
Laboratuvari'ndan temin edilmis, sabit sicaklik (22-24 °C), ve
nemin (%50-55), korundugu hayvan laboratuvarimizda 12
saat aydinlik/12 saat karanhk dongisiinde barindinimistir.
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Hayvanlarin standart sican yemine ve musluk suyuna sinirsiz
(ad libitum) erisimleri saglanmistir. Hayvan kullanim izni ve
deney protokollerinin etik ilkelere uygunlugu Ankara Universitesi
Hayvan Deneyleri Yerel Etik Kurulu tarafindan onaylanmistir
(karar no: 2017-4-25, tarih: 19/02/2016). Hayvanlara yapilan
tiim islemler ve verilerin sunumu ARRIVE Guidelines (Guide for
the Care and Use of Laboratory Animals, 8™ edition) bildirgesine
uygun olarak yapilmistir (27).

Laboratuvara gelen hayvanlar bir haftalik adaptasyonun
ardindan hayvanlar rastgele dort gruba ayrilmislardir. Gruplar:

1. Kontrol (K) (n=9).

2. Egzersiz (EX) (n=9).

3. Diyabet (DM) (n=9).

4. Diyabet + Egzersiz (DM+EX) (n=9).

Deneysel Tip 1 Diyabetin Olusturulmasi

STZ (Sigma-Aldrich, Missouri, ABD, S0130-1G) 0,1 M sitrat
tamponu (pH 4,5) icerisinde ¢ozlldiikten sonra tip 1 diyabet
yapilacak hayvanlara 50 mg/kg dozunda intraperitoneal (i.p.
olarak enjekte edilmistir (28). Enjeksiyonu takip eden 1, 3 ve 7.
glinlerde kuyruk ucundan ufak bir kesi yapilarak glikometre (On
Call Plus Glucometer, Acon Labs Inc. ABD) ile kan glikozu &l¢timi
yapilmis, her (¢ 6l¢iimi de 250 mg/dL ve Ustii olan hayvanlar
diyabet olarak kabul edilerek calismaya dahil edilmistir. Bu dlizeyi
saglayamayan hayvanlar calisma disi birakilmislardir. Hayvanlar
diyabet tanisini aldiktan bir hafta sonra (enjeksiyondan sonraki
7. glin) egzersiz programina alinmislardir. Hayvanlarin kan sekeri
ve viicut agirliklart diizenli olarak takip edilmistir.

Artimh Yiik Testi ve Antrenman Programi

Antrenman programinin baslangicinda egzersiz yapacak
hayvanlarin MEK degerlerini belirlemek icin artimh yuk testi
uygulanmistir (29). Artimli yik testine hayvanlar distk is
yiikiinde baslatiimis (5 m/dak ve 0° egim), her li¢c dakikada bir
hiz 3 m/dakika veya egim 2° artirilarak is ylk artisi saglanmistir.
Hayvanin elektriksel ve mekanik uyariya ragmen devam
etmeyi reddettigi is yiiki ilgili hayvanin MEK degeri olarak
kabul edilmistir. Antrenman programindaki egzersiz siddeti
her hayvan icin kendi MEK degerinin %70'ine karsilik gelecek
sekilde belirlenmistir. Artimli ylk testi antrenman programinin
3, 6 ve 9. haftalarinda tekrarlanmis ve egzersiz siddetleri yeni
degerlere gore tekrar ayarlanmistir. Antrenman programi
stiresince kosu bandinin e§imi hep sabit tutulmus (10°), egzersiz
siddetini degistirmek icin hayvanlarin kosu hizlari artirilip veya
azaltilmistir. Antrenman programi glinde 45 dakika, haftada 5
giin olacak sekilde 12 hafta boyunca siirduriilmustir. Glnluk
antrenmanin basinda egim ve hizin yavas yavas artirildigi 7,5
dakikalik bir 1sinma periyodu, antrenmanin sonunda ise aksine
yavas yavas azaltildigi 7,5 dakikalik bir soguma periyodu
uygulanmistir.

Hayvanlarin Sakrifikasyonu

Son egzersiz seansindan 24 saat sonra, agirlik ve kan sekeri
olciilen hayvanlar sodyum tiopental (i.p; 50 mg/kg) ile anestezi
altina alinmis. Parmak kistirma vyanitlarinin kaybolmasi ile
anestezi derinliginin saglandigi anlasiimis, ardindan, hayvanlarin
g06gus kafesleri hizlica agilarak kalpleri izole kalp fonksiyonu ve
/R calismasinda kullanilmak tizere cikartilmistir. Gogus kafesine
dolan kan toplanarak kirmizi kapakh tiipe alinmis, 5000 g, +4
°C'de 10 dakika boyunca santrifiij edilmistir. Elde edilen serum
ileri analizler icin -80 °C'de saklanmis, izole kalp fonksiyonu
calismasinda kullanilan kalp dokulari, ¢alisma sonrasinda sivi
azot ile dondurularak -80 °C'de saklanmistir.

izole Kalp Fonksiyonu ve I/R

Langendorff diizeneginde yapilan deneyler literatiirdeki
veriler isiginda tasarlanmistir (30). Kisaca 6zetlemek gerekirse,
hizlica cikartilan kalpler 6nceden karbojen ile gazlandiriimis
(%095 0, ve %5 CO,), buz iizerinde bekleyen, soguk Krebs-
Henseleit (mM: 119 NaCl, 4,8 KCI, 1,6 CaCIz, 1,2 MgSO4, 1,2
KH2P04, 20 NaHCO3, ve 10 glukoz, ve pH 7,4) ¢ozeltisi icerisine
alinmis, bdylece sogugun vyarattigi kardiyoplejik etkiden
yararlanilarak kalplerin Langendorff dilizenegine baglanana
kadar gecen siirede gordligu zarar en aza indirilmistir. Kalp
agirhgi, diizenege baglanmadan &nce sollisyon icerisinde
tartilmistir. Ardindan kalpler Langendorff diizenegindeki ilgili
kaniile aorttan baglanmistir. Langendorff sistemi icerisinde
bulunan Krebs-Henseleit sollisyonu deney siiresince karbojen
(%95 O, ve %5 CO,) ile gazlandirlmis ve sicakligi sabit sicaklikta
(37 °C) tutulmustur. Kalpler deney boyunca belirli bir hizda
aorttan baglanan kanil ile ters yonli perflize edilmislerdir
(retroperfiizyon).

Perflizyon hizi kalbin vyiizey alanina gore ilgili formil
kullanilarak hesaplanmistir  (perfiizyon hizi=7,43 x kalp
agirhgi®®e). Sol atrium dokusu kesilerek uzaklastirilmis ve acilan
yariktan sol ventrikiliin icerisine ici su dolu, ince bir tiipe bagh
elastik bir balon yerlestirilmistir. Balon sol ventrikilln icerisinde
belirli bir basing degerine kadar (=diastolik basing ~8-10 mmHg)
sisirilerek, ventrikil duvarini sarmasi saglanmistir. Balona bagh
ici su dolu ince tip ile elektronik bir basingdlcere (transducer)
iletilen basing degisimleri Biopac MP35 (Biopac Syst. CA, USA)
sistemi ile dijital ortamda kayit altina alinmistir. Deneylere
baslamadan dnce kalp dokusunun stabilize olmasi icin 20 dakika
beklenmistir.

Bazal (iskemi oncesi) kalp fonksiyonu kayitlarinin elde
edilmesinin ardindan kalbin perflizyonu 30 dakika boyunca
durdurularak global iskemi uygulamasi yapilmistir. Global
iskeminin ardindan 120 dakika boyunca reperflizyon uygulamasi
yapilarak deney tamamlanmistir. Elde edilen basin¢ degisimi
grafiklerinde hem iskemi 6ncesi hem de iskemi sonrasi cesitli
zaman noktalarinda (15, 30", 45', 90" ve 120" veri analizler
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yapilmistir. Oncelikle grafiklerden sol ventrikiil gelisimsel
basinci (LVDP) degerleri hesaplanmis, ardindan bu deger o
anki kalp hiziyla (HR) carpilarak hiz-basing carpimi (RPP)
degeri elde edilmistir. Bu islemler hem iskemi oncesi hem de
iskemi sonrasindaki (reperfiizyondaki) zaman noktalari igin
tekrarlanmistir.

Oksidatif Stres Analizleri

Serum

Elde edilen serumlardan toplam antioksidan durumu (TAS),
toplam oksidan durumu (TOS) ve Tiyol disilfit parametreleri
analiz edilmistir.

Oksidatif stresindeksi (OSI) degerleri %0SI = [(TOS, pmol H,0,
equivalent/L)/(TAS, umol Trolox equivalent/L)] x 100 formiil ile
hesaplanmistir. Analizler kolorimetrik prensiplere gore calisan
kitler ile yapilmis, analizlerde ureticinin talimatnamesi takip
edilmistir (Rel Assay Diagnostics Gaziantep, Turkiye).

Kalp dokusu

Kalp dokusu ornekleri sol ventrikiiliin lateral duvarinin orta
1/3'lik kismindan alinmistir. Donuk olarak saklanan dokulardan
alinan yaklasik 100 mg'lik, bir parca icerisi azot dolu havanin
icerisine konulmus. c¢ozilmesine izin verilmeden tokmak ile
ezilerek kiiclik parcalara ayrilmistir. Ardindan doku pargalari
Ozel bir tiipiin icerisine alinarak Uzerlerine 1:5 oraninda
homojenizasyon tamponu (0,1 M Phosphate-Buffered Saline)
eklenmistir. Karisim teflon uclu 6zel bir homojenizator (Glas-
Col LLC, Homogenizer; IN, USA) yardimiyla homojenize edilmis,
ardindan 5000 g, +4 °C'de 5 dakika boyunca santrifiij edilmistir.
Stipernatant alinarak saklanmis pellet atilmistir. Ayrilan
homojenizatlar hiicre zarlarinin ileri diizeyde parcalanabilmesi
icin son bir asama olarak sonikator (Fisher Scientific Sonic
Dismembrator 550 New Hampshire, USA) yardimiyla buz
Uzerinde degrade edilmistir. Son drlnlerde TAS ve TOS

parametreleri yukarida belirtilen yontemlerle incelenmis ve OSI
degerleri hesaplanmistir.

istatistiksel Analiz

istatistiksel analiz icin GraphPad Prism (GraphPad Prism
for Windows v5 2007) yazihmi kullaniimistir. Oncelikle tiim
parametreler icin veri setlerine Shapiro-Wilk testi uygulanarak
verilerin normal dagilim gosterip gostermedigi tespit edilmis,
elde edilen sonuclar 1siginda parametrik test varsayimlarinin
saglandi§r kanaati olustugu icin coklu karsilastirmalarda One
Way ANOVA testi tercih edilmistir. Farkin tespiti halinde post-
hoc analizler icin Tukey testi kullaniimistir. Reperflizyon boyunca
elde edilen RPP degerleri iki yonlii varyans analizi (Repeated
Measures ANOVA) ile karsilastirlmistir. Veriler ortalama (x) +
standart sapma (SS) olarak sunulmus, p<0.05 diizeyi istatistiksel
olarak anlamli kabul edilmistir.

Bulgular

Deney Hayvani Takip Verileri

Hayvanlarin sakrifikasyon oncesi viicut agirligi ve kan
glikozu degerleri Sekil 1 ve Tablo 1'de verilmistir.

Viicut agirhg gruplar arasinda fark gdstermektedir
[/:(3’24]=23,20; p<0,0001]. EX, DM ve DM+EX grubundaki
hayvanlarin viicut agirliklari kontrol grubuna goére anlamli
derecede disiik bulunmustur (p<0,05). DM ile DM+EX grubu
arasinda istatistiksel olarak anlaml bir fark gdzlenmemistir

(p>0,05).

Kan glikozu degerleri gruplar arasinda anlamh fark
gostermektedir [F, =164,7; p<0,0001]. Diyabetik gruplardaki
(DM ve DM+EX) kan glikozu degerleri kontrole gére anlamli
derecede yiiksek bulunmustur (p<0,05). DM ve DM+EX gruplari

arasinda anlamli fark gézlenmemistir (p>0,05).
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Sekil 1: Hayvan takip parametreleri. Sakrifikasyonun hemen dncesinde yapilan, A) viicut agirhgr dlciimii (n: K=7; EX=9; DM=6; DM+EX=6), B) Kan
glikozu 6l¢imii (n: K=5; EX=6; DM=5; DM+EX=5) degerleri (*: p<0,05 vs. kontrol) (x + SS)

K: Kontrol, EX: Egzersiz, DM: Diabetes mellitus, DM+EX: Diyabet + Egzersiz, SS: Standart sapma
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Kardiyak Hipertrofi (KA/VA)

Hayvanlarin 1slak kalp agirliklari ve kardiyak hipertrofiyi
gosteren kalp adirhgifviicut agirhgr x 10° (KA/VA) degerleri
Sekil 2'de verilmistir. Kalp agirligi ve KA/VA degerleri gruplar
arasinda fark gostermektedir [sirasiyla F =6.365; p=0,0043 ve

3,17,
F.,=7.768; p=0,0018]. Diyabetik grupI(ar()JIaki (DM ve DM+EX)
hayvanlarin kalp agirliklar kontrole gére diistik bulunurken, KA/
VA degerleri kontrol grubuna gore istatistiksel olarak anlamh
derecede yiiksektir (p<0,05). Her iki parametre icin de hem DM
ve DM+EX gruplar arasinda hem de K ve EX gruplari arasinda

anlamli fark bulunmamistir (p>0,05).

izole Kalp Fonksiyonu ve iskemi-Reperfiizyon

Hayvanlarin bazal fonksiyon (iskemi oncesi) parametreleri
incelenmis Tablo 2'de sunulmustur. LVDP, HR ve RPP degerleri

gruplararasinda anlamli fark g6stermemistir [sirasiyla, F.._=0,95;

' (3,16)

Deney boyunca kaydedilen hiz-basing ¢arpimi (RPP) degerleri
Sekil 3'te verilmistir.

RPP degerleri gruplar arasinda iki yonlii varyans analizi
ile karsilastinlmistir. Analiz sonucuna gore gruplar arasinda
F,.s=13:25; p=0,0001]. EX grubu
ortalamalari K grubuna gore ylksek seyretmekle birlikte, bu
fark sadece 15. dakikada anlamhlik gdstermistir (p<0,05). DM
grubu kontrol grubu ortalamalarina yakin seyretmis ancak 120.
dakikada kontrol grubuna gore anlaml derecede diisik RPP
degerleri kaydedilmistir (p<0,05). DM+EX grubu RPP degeri
acisindan tlim zaman noktalarinda en koti grup olmustur. 30,

anlamli fark tespit edilmistir [

45, 90 ve 120. dakikalarda kontrole gore anlamli derecede disiik
fonksiyon degerlerine sahiptir (p<0,05). Ayrica, reperfiizyonun
ilk yarisinda (10, 15 ve 30. dakikalarda) DM+EX grubu DM
grubundan da istatistiksel olarak anlamli derecede diisik RPP
degerleri gostermistir (p<0,05).

p=0,4399 :‘:(3’,6]=2,84 p=0,0712; F{3’,5)=1.147 p=0,3624].
Tablo 1: Deney hayvani takip verilerini iceren tablo (x + SS)
K EX DM DM+EX
Vicut Adirhigi (g) 372,10+52,98 299,60+48,36 204,70+48,36 226,80+17,29
Kalp Agirhgi (g) 1,43+0,27 1,16+0,19 0,99+0,01 1,01+0,09
Kalp/Vicut Agirhigr* 3,74+0,13 4,15+0,36 4,89+0,66 4,50+0,21
Kan glikozu (mg/dL) 101,8048,23 114,30+£26,59 329,60+29,36 372,40+29,59

*Kalp/Viicut Agirligi=KA/VA x 10°

K: Kontrol, EX: Egzersiz, DM: Diabetes mellitus, DM+EX: Diyabet + Egzersiz, SS: Standart sapma
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Sekil 2: Kardiyak hipertrofiyi takip etmek icin yapilan lctimler. A) Kalp agirhigr (islak), B) Hayvanlarinin islak kalp agirliklarinin terminal viicut agirhgina
boltinmesi ile elde edilen (KA/VA) degerleri (*: p<0,05 vs. Kontrol) (n: K=5, EX=6, DM=5, DM+EX=5) (X + SS)

KA/VA: Kalp agirhigi/viicut agirhgi, K: Kontrol, EX: Egzersiz, DM: Diabetes mellitus, DM+EX: Diyabet + Egzersiz, SS: Standart sapma

Tablo 2: Hayvanlarin bazal (iskemi oncesi) kalp fonksiyonu parametreleri (x + SS)

K EX
LVDP (mmHg) 70,05+16,65 75,74+15,76
HR (mmHg) 223,20+30,39 197,20+28,62
RPP x 103 (mmHg/sn) 15,41+2,66 15,23+2,89

DM DM+EX
62,35+12,87 64,56+8,64
244,80+36,66 197,3+24,27
15,10+2,89 12,60+0,86

LVDP: Sol ventrikiil gelisimsel basinci, HR: Kalp hizi, RPP: Hiz-basing carpimi, K: Kontrol, EX: Egzersiz, DM: Diabetes mellitus, DM+EX: Diyabet + Egzersiz, SS: Standart sapma
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Oksidatif Stres Analizleri Plazma verileri incelendiginde TAS, TOS, 0S| ve tiyol
distlfit parametreleri agisindan gruplar arasinda herhangi bir
fark gozlemlenmemistir [sirasiyla F(324]=O,8429; p=0,4838;

de@erleri §eki| 4't€, sol ventrikiilde doku orneklerindeki TAS, TOS F =1.357; p=0,2846; F =0,8077; p;0'5044 ve F =1.150;

Hayvanlarin plazma TAS, TOS, OSI ve plazma tiyol disiilfit

(3,20) (3,20 (3.21)
ve OSI degerleri Sekil 5'te verilmistir. p=0,3520].
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Sekil 3: Tim deney boyunca kaydedilen RPP verileri (p<0,05 *: K vs. EX; ¥: K vs. DM; 6: K vs. DM+EX; t: DM vs. DM+EX) (n: K=5; EX=5; DM=5; DM+EX=4)
K: Kontrol, EX: Egzersiz, DM: Diabetes mellitus, DM+EX: Diyabet + Egzersiz
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Sekil 4: Plazmada Glciilen oksidatif stres parametreleri. A) Toplam antioksidan durumu (n: K=7, EX=9, DM=6, DM+EX=6), B) toplam oksidan durumu
(n: K=7, EX=7, DM=5, DM+EX=5), C) Oksidatif stres indeksi (n: K=7, EX=7, DM=>5, DM+EX=5), D) Tiyol disiilfit (n: K=7, EX=8, DM=5, DM+EX=5) (X + SS)

K: Kontrol, EX: Egzersiz, DM: Diabetes mellitus, DM+EX: Diyabet + Egzersiz, SS: Standart sapma
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Sol ventrikiil doku 6rneklerinde TAS, TOS ve OSI parametreleri
acisindan gruplar arasinda herhangi bir fark gézlemlenmemistir

[sirasiyla F,,,=3.091; p=0,0549; F, =1.438; p=02687 ve
F,, ,=2.995; p=0,0641].

Calismamizda, diyabetik hayvanlara 12 hafta boyunca
uygulanan, orta siddette, kronik egzersizin diyabetik kalpte
gelisen I/R hassasiyetini azaltmadi§i, aksine iskemi sonrasi
toparlanma cevabinda istatistiksel olarak anlamli derecede
bozulmaya neden oldugu gosterilmistir. Egzersiz diyabetik
olmayan hayvanlarda I/R'ye karsi direnc artisina neden olurken
diyabetiklerde tam tersi yonde bir etki yapmistir. Elde edilen
sonuclar, uygulanan egzersiz protokoliiniin diyabetli popilasyon
icin uygun olmadigini diisiindiirmektedir.

Fonksiyonel degisimlerin altinda yatan mekanizmalari
acitklamak adina hayvanlara ait kalp dokusu ve plazmalarda,
diyabetteki I/R hasari artisinin ve ayni zamanda egzersizin
sagladigi kardiyoproteksiyonun en 6nemli modilatoérii olan
oksidatif stres parametreleri incelenmis gruplar arasinda
herhangi anlamli bir degisime rastlanmamistir.

Uyguladigimiz antrenman programi saglkli hayvanlarda
viicut agirhginda azalmaya neden olmustur. Egzersizin enerji

tlketimini artiracagl distinildiginde elde edilen sonuclarin
genel bilgi ile uyumlu oldugu disiiniilmektedir. Onceki
calismalarda elde edilen veriler 1siginda, tip 1 diyabet modelinde
hayvanlarin hizli bir sekilde kilo kaybetmeleri beklenir (31).
Diyabetik gruplarda (DM ve DM+EX) kontrole gére anlamh bir
kilo kaybi gozlenmektedir. Kan glikozu verileri incelendiginde
diyabetik hayvanlarin (DM ve DM+EX) kan glikozu diizeylerinin
diyabetik olmayanlara gore anlamh diizeyde yilksek oldugu
gorilmektedir. Kan glikozu ve viicut agirligi verileri birlikte
degerlendirildiginde tip 1 diyabet modelinin sorunsuz sekilde
gerceklestirildigi anlasiimaktadir. Egzersiz uygulamasi diyabetik
hayvanlarda herhangi bir agirlik degisimine neden olmamistir
ayrica hem saglikli hem de diyabetik hayvanlarda kan glikozu
diizeylerine 6nemli bir etki yapmamistir. Sectigimiz diyabet
modelinde STZ uygulamasinin pankreasta kalici hasara neden
oldugu bilinmektedir (32). Bu nedenle hasar olustuktan sonra
uygulanan egzersiz protokolii kan sekeri veya viicut agirhg
diizeylerini etkilememistir.

Devereux ve ark!nin (33) 2000 yilinda ¢ok sayida katiimei
ile gerceklestirdikleri Strong Heart Study isimli epidemiyolojik
calisma, diyabetik bireylerde sol ventrikiil kitlesinin ve duvar
kalinligiin saghkl kontrollere gore anlaml derece fazla oldugu
gostermistir. Cok sayinda katilimer ile gerceklestirilen bir diger
calisma Framingham Heart Study isimli epidemiyolojik calisma

Total Antioksidan Status (TAS)
10° mmol Trolox Equiv/mg protein

1504

100

Oksidatif Stres Indeksi (OSI)

pmol H,0, Equiv/immol Trolox Equiv

=]

159

Total Oksidan Status (TOS)
(10° pmol H,0, Equiv/img protein)

Sekil 5: Sol ventrikiil doku 6rneklerinde Glgtilen oksidatif stres parametreleri. A) Toplam antioksidan durumu (n: K=6, EX=6, DM=5, DM+EX=4), B)
toplam oksidan durumu (n: K=6, EX=5, DM=5, DM+EX=4), C) Oksidatif stres indeksi (n: K=5, EX=5, DM=4, DM+EX=4) (X + SS)

K: Kontrol, EX: Egzersiz, DM: Diabetes mellitus, DM+EX: Diyabet + Egzersiz, SS: Standart sapma
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da ayni sonuclara ulasmis, bozulmanin diyabetin derecesi ile
iliskili oldugunu bildirmistir (34). Benzer sekilde STZ uygulamasi
ile diyabet yapilan sicanlarda da kardiyak hipertrofinin gelisimi
cesitli yayinlarda, cesitli tekniklerle gosterilmistir (35-37).
Calismamizda diyabet gruplarinda gorilen KA/VA oranindaki
anlaml artis diyabetik hayvanlarda kardiyak hipertrofinin
gelisimine isaret etmektedir, bu bulgu literatir ile uyumludur.
Onciil hipotezimizin aksine, egzersiz uygulamasi diyabetiklerde
hipertrofiyi engelleyici bir etkide bulunmamistir.

Diyabetin kalpte I/R hasarina karsi hassasiyeti artirdigi
bilinmektedir (4,5). Ek olarak, deneysel calismalarda da benzer
veriler elde edilmistir. Qiu ve ark. (8) STZ enjeksiyonu ile
diyabet olusturduklari sicanlarda koroner arter ligasyonu ile I/R
uygulamasi yapmislar ve diyabetik hayvanlarda infarkt alanin
kontrollere gore daha biiyiik oldugunu gostermislerdir. Sunulan
sonuglar benzer tasarimla gerceklestirilen hayvan calismalari ile
desteklenmektedir (6,7).

Cahsmamizda diyabet ile kontrol arasindaki fark
reperflizyonun sonunda anlamlilik kazanmistir. Uyguladigimiz
iskemi siiresi 1limli iskemi olarak kabul edilen bir uzunluktadir.
DM ve K arasinda toparlanma cevabinin tiim zaman noktalarinda
belirgin bir sekilde ayrismamasi iskeminin diizeyi ile aciklanabilir.
Literatiirde tersi yonde sonuclara da rastlamak miimkiinddr.
Gurel ve ark. (38) 1 aylik tip 1 diyabet uygulamasini takiben
uyguladiklari global I/R protokoliinde diyabetin kardiyoprotektif
bir fenotip ortaya cikardigini one siirmiislerdir. ilerleyen
calismalarda iskemi siiresinin artirilmasi veya global iskemi
yerine koroner arter ligasyonu protokollerinin uygulanmasi iki
grup arasindaki farki belirginlestirebilir. Ancak yine de sectigimiz
diyabet modelinin miyokart diizeyinde yol actigi I/R hassasiyet
artisinin - reperfiizyonunun ilerleyen ddnemlerine yansidigi
anlasiimaktadir.

Uygulanan egzersiz protokolii diyabetik olmayan hayvanlarda
I/R hasarina karsi direnci artirmistir. Bu sonuglar uyguladigimiz
protokoliin  kardiyoprotektif karakterine isaret etmektedir.
Literatiirde de cesitli siddet ve siirelerde uygulanan egzersizin
I/R hasarina karsi koruyucu etkileri gdsterilmistir (39-41).
Bununla birlikte, secilen egzersiz protokoliiniin kisisel 6zelliklere
uygun olmasi egzersizin olumlu etkilerinin gozlenmesi icin
olmazsa olmaz bir sarttir. Yanhs planlanan egzersiz protokolii
istenen yararl etkileri gostermekten ziyade zarar verici olabilir.
Komatsu ve ark. (42) diyabetik bireylerin saglikli insanlara gore
daha duslik egzersiz kapasitesine sahip oldugunu bildirmislerdir.
Bu nedenle, calismamizda tiim hayvanlara ayni egzersiz
protokoliinii uygulamak vyerine, hayvanlarin MEK degerleri
olciilerek egzersiz programi bu degerlere gore diizenlenmistir.
Ancak MEK degerleri acisindan diyabetik ve diyabetik olmayan
hayvanlar arasinda anlamli bir farka rastlanmamstir (veriler
sunulmamistir). Calismamizda MEK degerinin %70'ine denk
gelecek tlimh bir egzersiz protokolii secilmistir. Ancak diyabetik

8

hayvanlarda bu uygulamanin iskemi sonrasi toparlanma

cevabini daha da kotii hale getirdigi anlasiimaktadir. Segilen
protokoliiniin -~ saghkh
yarar saglarken, ayni protokollin diyabetli hayvanlara zarar

egzersiz hayvanlara uygulanmasi
verdigi ortaya cikmaktadir. ilerleyen calismalarda diyabetli
hayvanlara daha dislk siddetli bir egzersiz protokoliiniin
uygulanmasinin daha dogru olacagini diisinmekteyiz. Ek olarak,
calismamizda kullanilan egzersiz kapasitesi 6l¢lim yontemi
dolayh (indirekt) bir yontemdir. Teknik yetersizliklerden dolay:
egzersiz kapasitesi Olctimlerinde hayvanlarin solunum gazlari
ve kalp hizlarini takip etmeye olanak saglayan metabolik kosu
bantlar kullanilamamistir. Bu kosu bantlarinin kullanimi ile
olclilen maksimum oksijen tiiketim kapasitesi (Vo, ) degeri
egzersiz siddetinin belirlenmesinde kullanilan altin standarttir.

2max

ilerleyen calismalarda bu tarz cihazlarin kullanimi ile diyabetik
ve diyabetik olmayan hayvanlarin arasinda kapasite farklarina
rastlanabilir ve daha dogru egzersiz protokolleri planlanabilir.

Oksidatif stres ile ilgili dlciilen parametreler incelendiginde
istatistiksel acidan gruplar arasinda anlamh bir fark goriilmedigi
anlasiimaktadir. Her ne kadar kalp dokusundaki OSI degerleri
ve plazmadaki tiyol disiilfit parametrelerinde diyabet grubunda
bir artis trendi goriilse de grup ici varyasyonun yiksekligi
nedeniyle bu farklar anlamlilik kazanmamustir. ROS oldukca hizh
bozunmaya ugrayan molekiller oldugundan drnekler arasindaki
ihmal edilebilecek diizeyde kiiciik farkliliklar sonuclara genis
varyasyonlar ilerleyen
diyabet siiresinin degistirilmesi ve baska oksidatif stres
parametrelerinin eklenmesi yerinde olacaktir. Bu nedenle ROS

olarak yansimaktadir. calismalarda

ile yapilan olciimlerde drnek sayisinin fazlaligr diger dlclimlere
gore daha kritik hale gelmektedir. Ancak calismamizda bu
dlciimlerdeki 6rnek sayisi gérece az sayida kalmaktadir. Ornek
sayisinin azligi calismamizin en 6nemli kisithliklarindan birisini
teskil etmektedir. ilerleyen calismalarda ayni testlerin daha
bliyik orneklemlerde calisiilmasinin daha glcli veriler ortaya
cikaracagini diisiinmekteyiz.

Calismanin Kisithliklar

Elbette diyabet ve egzersiz organizmanin tamamina
yayilan etkileri ile bircok molekiiler yolagi ayni anda, oksidatif
stresten bagimsiz olarak etkilemektedir. Diyabetin yol actigi
proenflamatuvar etkilenin I/R hasarini artirdidi gesitli calismalar
ile gosterilmistir (8). Diyabette kalp dokusunda hiicre ici kalsiyum
homeostazisi
de I/R hassasiyetinin artisinda 6nemli yere sahiptir (43). Son

olarak, egzersizin kalp dokusunda damarlanmayi artirdigr ve bu

parametrelerinde meydana gelen degisimler

adaptasyonun I/R hasarinda koruyucu etki yaptigi bilinmektedir
(39). Calismamizda bu parametrelerin incelenmemis olmasi
calismamizin kisithiliklari arasindadir.
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Saglikli ~ ve hasta popllasyonlar icin  planlanan
antrenmanlarin siddet, stire ve sikhginin belirlenmesi calismalari
toplum saghgr acisindan olduk¢a ©nemli bir arastirma
alanidir. Ayni zamanda ortaya cikan vyararli veya zararli
etkilerin altinda yatan molekiler mekanizmalarin belirlenmesi
egzersiz fizyolojisi bilgimize degerli katkilar yapmaya adaydir.
Gelecekteki c¢alismalarda Vo, = degerlerinin 6l¢limi ile daha
kapsamli calismalarin yapilmasi bu alanin gelisimi icin 6nem
arz etmektedir.
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Baicalein Has Protective Effect in H,0,-induced L929 Cell Damage
Baicalein, H,0, Kaynakli L929 Hiicre Hasarinda Koruyucu Etkiye Sahiptir
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Kafkas University Faculty of Medicine, Department of Histology and Embryology, Kars, Turkey

Abstract

Objectives: In this study, it was aimed to investigate the possible protective effects of baicalein in H,0,-induced 1929 fibroblast cell model by
determining the parameters of oxidative stress (SOD) and inflammation process (TNF-alpha, TGF-beta, IL-10).

Materials and Methods: Baicalein was applied at different doses (200, 100 and 80, uM) to L929 fibroblast cells. After 23 hours of incubation, 1 mM
HZO2 was added and cell viability was test by CVDK8. Then, fluorescent diacetate (FDA)-propidium iodide (PI) staining was performed to determine
the ratio of live and dead cells. The levels of TNF-alpha, IL10, TGF-beta and the activity of SOD were determined by ELISA.

Results: After 1 h incubation with 1 mM H,0,, the viability decreased by approximately 77%. It was observed that cell viability increased the most
in the B100 group, with/without H,0,. The cell viability increased after 24 h of baicalein and H,0, co-incubation. The 100 pM baicalein application
reduced the damage of H,0, up to 63%. When the levels of TNF-alpha were examined, a significant increase was observed in the H,0,-damage group
compared to control group. Additionally, the levels of IL-10 and TGF-beta increased in H,0, damage group compared to control group; however, the

levels of those cytokines were decreased in baicalein application groups.

Conclusion: Pretreatment with baicalein (especially 200 uM and 100 uM) results in significant findings including the suppression of inflammatory
cytokines, TNF-alpha, TGF-beta, IL-10 and increase of SOD parameter, SOD, in L929 cells. Taking everything into account, baicalein which is a natural
product may be an alternative therapeutic option for prevention of cellular SOD and inflammatory processes. To better understand the potential
beneficial effects of baicalein, molecular mechanisms and cellular targets should be investigated.

Key Words: Baicalein, Hydrogen Peroxide, Inflammation, Oxidative Stress, L929

Amag: Mevcut calismada, Baicalein'in H,0, ile indiiklenmis L929 fibroblast hiicre hasari modelinde oksidatif stres (SOD) ve enflamasyon siireci (TNF-
alfa, TGF-beta, IL-10) parametreleri lizerine olan koruyucu etkilerinin arastirimasi amaclanmistir.

Gereg ve Yontem: L929 fibroblast hiicrelerine farkli dozlarda (200, 100 ve 80 pM) Baicalein uyguland. Yirmi ti¢ saatlik inkiibasyonun ardindan 1
mM H,0, eklendi ve hiicre canliligi CVDK8 ile test edildi. Daha sonra canli ve 6lii hiicrelerin oranini belirlemek icin floresan diasetat (FDA)-propidyum
iyodir (PI) boyamasi yapildi. TNF-alfa, IL10, TGF-beta seviyeleri ve SOD aktivitesi ELISA ile belirlendi.

Bulgular: 1 mM H,0, ile 1 saatlik inkiibasyondan sonra hiicre canliligi yaklasik %77 oraninda azaldi. Hasarsiz ya da H,0, hasarl gruplarda, hiicre
canliiginda artisin en fazla B100 grubunda oldugu goriildi. Baicalein ve H,0,'nin birlikte inkiibasyonundan 24 saat sonra hiicre canlihginin arttigi
tespit edildi. 100 uM Baicalein uygulamasi, H,0,'nin hiicreleri 6ldiirme oranini %63'e kadar azaltti. TNF-alfa diizeyleri incelendiginde H,0,-hasarli
grupta kontrol grubuna gore anlamli artis gozlendi. Ek olarak, IL-10 ve TGF-beta seviyeleri H,0,-hasarli grupta kontrol grubuna gore artti; ancak bu
sitokinlerin seviyeleri Baicalein uygulama gruplarinda azald.

Sonug: Baicalein (6zellikle 200 uM ve 100uM) uygulamasi sonucunda L929 hiicrelerinde enflamatuvar sitokinler olan TNF-alfa, TGF-beta, IL-
10'un baskilanmasi ve SOD parametresi olan SOD'nin artmasi gibi dnemli bulgular elde edilmistir. Tim veriler 1si§inda, dogal bir etken madde olan
baicalein, hiicresel SOD ve enflamatuvar siireclerin 6nlenmesi icin alternatif bir tedavi secenegi potansiyeline sahiptir. Baicalein'in potansiyel yararh
etkilerini daha iyi anlamak icin molekiler mekanizmalar ve hiicresel hedeflerin arastiriimasina yonelik yeni calismalara ihtiyac vardir.
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Introduction

Wound may be the result of an accident; however, it can
also occur intentionally for reasons such as surgery. Wound
healing following trauma is described as the normalization of
cellular, biochemical and systemic processes with the formation
of new tissue. It is also an important physiological process that
preserves the integrity of the tissue (1). Wound healing consists
of three phases; (i) the hemostasis/inflammation phase, (ii) the
proliferation phase, and (iii) the remodeling phase (2). Chronic
and difficult to heal wounds causes a significant economic
burden because of reducing the patient's quality of life (3).

There are many factors that affect wound healing such
as infection, oxygenation defects, stress, aging, and smoking.
At low concentrations, reactive oxygen species (ROS) are
involved in the wound healing process, defense against
invading microorganisms, and signals necessary for cell survival.
Production of high concentrations of ROS or impaired ROS
detoxification is the main cause of chronic non-healing wounds
(4). One of the causes of cellular oxidative stress (SOD) is the
overproduction of hydrogen peroxide, a kind of ROS. Reducing
oxidative balance is very important for the functioning of
fibroblasts (5). On the other hand, the inflammatory response
that begins after tissue injury accompany with the growth
factor, cytokine, and chemokine expressions and those are
necessary for wound healing. In the early phase of wound
healing, cytokines and chemokines such as interleukine-1-alpha
(IL-1a), IL-1-B, transforming growth factor-B (TGF-B), vascular
endothelial growth factor, tumor necrosis factor alpha (TNF-a)
and IL-8 are substantial and play important roles (6).

Scutellaria baicalensis Georgi. (Lamiaceae), contains baicalein
as a major component, is a flowering plant species and its dried
roots are used in traditional Chinese medicine for the treatment
of cold, diarrhea, dysentery, hypertension, bleeding, insomnia,
inflammation and respiratory tract infections (7). Baicalein
has lots of beneficial effects including anti-oxidant, anti-
inflammatory, anti-cancer, cardioprotective, neuroprotective,
and hepatoprotective properties (8-10).

Fibroblasts are one of the key factors in wound healing and
remain at the wound site until epithelialization occurs. First,
they migrate to the wound site, then proliferate there, after
that promote normal wound healing to form new extracellular
matrix, and finally induces collagen structures to support other
cells associated with effective wound healing (11).

In this study, it was aimed to investigate the possible
protective effects of baicalein in H,0,-induced 1929 fibroblast
cell model by determining the parameters of SOD and
inflammation process (TNF-alpha, TGF-beta, IL-10).
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Materials and Methods

Cell Culture and Viability Test

The mouse fibroblast cell line L929 was purchased from
American Type Culture Collection (ATCC, USA). It was cultured
in Dulbecco's modified Eagle's medium (DMEM, Gibco, Thermo
Fisher Scientific) containing 10% fetal bovine serum (FBS,
Gibco, Thermo Fisher Scientific), 1% antibiotic (Penicillin,
Streptomycin, Amphotericin, Gibco, Thermo Fisher Scientific),
under 95% humidity and 5% COZ, and 37 °C temperature.
Baicalein (MedChemExpress, Cat.No: HY-N0196), dissolved in
10% DMSO.

Baicalein Administration

For determine the baicalein doses, L929 cells incubated with
varying doses (800 puM, 400 uM, 200 uM, 100 uM, 80 uM and
40 pM, 20 pM) for 24 hours. It was observed that the 800 pM
dose reduced the viability by 26% and the 400 uM dose by 17%
and 20 pM dose by 13%. The 40 uM dose increased the viability
by only 5%. Therefore, these doses were not included in the
experiment. 200 uM (B200), 100 uM (B100), 80 uM (B80) doses
were used in the experiment.

H,0, Administration

L929 cells were incubated for 24 hours with varying doses
of H,0, (1 mM, 0.5 mM, 0.4 mM, 0.3 mM, 0.2 mM, 0.1 mM)
while determining H,0, damage. It was observed that cell
viability decreased by 77% at 1 mM, 78% at 0.5 mM, 78% at 0.4
mM, 839% at 0.2 mM and 88% at 0.1 mM. So, 1 mM dose was
chosen for the experiment. The groups with H,0, were named as
H+B200, H+B100 and H+B80.

CVDK-8 Cell Viability Test

Cell viability test was performed to see the effect of baicalein
on cell proliferation. Cells were first seeded into 96-well plates,
2 pl of baicalein was applied at the specified doses (200 uM,
100 pM and 80 pM) after 70% confluence was detected. Then,
1 mM hydrogen peroxide (H,0,) was applied to related wells 23
hours after baicalein application. After 1 hour, 10 uL of CVDK-8
was added to each well. It was incubated at 37 °C for 4 hours
for the formation of formazan crystals and the optical density
(OD) value was detected with a spectrophotometer (Thermo,
MultiSkan GO) at a wavelength of 450 nm.

Semi-Quantitative ELISA Technic

Cells (2x10%) were seeded 48-well plates in 200 pL medium
for each well plate. The medium was collected 24 hours after
the H,0, damage and the addition of the specified doses of
baicalein. In this study, we aimed to measure the levels of
following parameters; TGF-beta ELISA Kit (BT Laboratory,
Shanghai, China), TNF-alpha ELISA Kit (BT Laboratory, Shanghai,
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China), IL-10 ELISA Kit (BT Laboratory, Shanghai, China), SOD
ELISA Kit (BT Laboratory, Shanghai, China). The ELISA technic
was applied according to the manufacturer's protocol. At the
end of the experiments, the microplate was read at a wavelength
of 450 nm with ELISA reader (Thermo, MultiSkan GO). The OD
values were noted and the calculations were performed.

Immunofluorescence Assay

Cells were seeded 24-well plates in 400 pL medium for
each well plate. After the H,0, and baicalein co-incubation, the
medium was removed and washed twice with PBS. For fixation,
400 mL of 4% formaldehyde was added to per well and after
4 minutes formaldehyde was removed and cells were washed
with PBS. For permeabilization of cells, they were incubated
with 99.9% methanol for 20 minutes at room temperature and
then washed with PBS. Five ml each of fluorescent diacetate
(FDA, ThermoFisher, Cat.No: F1303) and propidium iodide
(PI, ThermoFisher, Cat.No: P1304MP) were added to per well,
visualized with an inverted microscope (Invitrogen Evos FL) with
fluorescence attachment after 10 minutes of incubation.

Statistical Analysis

The results were expressed as means+SEM. Statistical
significance was evaluated by One-Way ANOVA followed by
Tukey post-test. All data were analyzed using GraphPad Prism,
version 5.0 for Windows (Graph Pad Software, San Diego,
California, USA). The probability level of p<0.05 was considered
statistically significant.

Baicalein Increased Cell Viability with/without H,0,-Induced

To test whether baicalein has a cytotoxic effect on healthy
L929 fibroblast cells, a viability test was performed. It was
observed that high doses of baicalein (200 pM, 100 uM, 80 uM)

Cell Viability

140
120

100

Cnt B200 B100 B8O H202 H+B200 H+B100 H+B80

Figure 1: The cell viability assay of experimental groups. The viability
of the control group was accepted as 100% and the averages of the
experimental groups were calculated

Cnt: Control

did not decrease cell viability, on the contrary, it induced cell
proliferation (18%, 21%, 13%, respectively). The highest cell
proliferation was observed at the dose of 100 uM.

After 1 h incubation with 1 mM H,0,, the viability decreased
by approximately 77%. The cell viability increased after 24 hours
of baicalein H,0, co-incubation in all doses especially 100 pM.
The 100 pM baicalein application reduced the damage of H,0,

up to 63% (Figure 1).

Baicalein Had Anti-Apoptotic Effect on H,0, Damaged
Cells

One hundred and ninety-six immunofluorescence assay
(IFA) findings to show the anti-proliferative and anti-apoptotic
effects of baicalein on L929 cells were similar with the cell
viability assay findings. Baicalein given to healthy cells did not
seem to decrease cell viability (Figure 2). It was observed that
the number of apoptotic cells increased in H,0, damaged group.
The number of apoptotic cells decreased due to the increasing
dose of baicalein, and the groups with the highest number of
viable cells were 200 pM and 100 pM doses (Figure 3). Baicalein
has been shown to have an anti-apoptotic effect with/without
H,0,in a dose-dependent manner.

Baicalein Effects the Levels of Inflammatory Cytokine

When the levels of TNF-alpha, a pro-inflammatory cytokine,
were examined, a significant increase was observed in the
H,0, damage group compared to control group. Application
of baicalein reduced H,0, damage (Figure 4). Additionally, the

FD

B80

Figure 2: FDA and PI immunofluorescence labeling in L929 cells with
baicalein. Red cells (Pl positive) indicate dead cell, green cells (FDA
positive) indicate live cells

FDA: Fluorescent diacetate, Pl: Propidium iodide, CNT: Control
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levels of IL-10 and TGF-beta increased in H,0, damage group
compared to control group; however, the levels of those
anti-inflammatory cytokines were decreased in the baicalein
application groups (Figure 5). The activity of SOD enzyme
showed a significant decrease in H,0, damage group compared
to control. An increase in the activity of SOD enzyme was
observed in H,0,+baicalein application groups. In B200, B100,

FDA Pl _MERGE

Figure 3: FDA and Pl immunofluorescence labeling in 1929 cells with
H,0, and baicalein. Red cells (PI positive) indicate dead cell, green cells
(FDA positive) indicate live cells

PI: Propidium iodide, FDA: Fluorescent diacetate

TNFa
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Figure 4: The level of pro-inflammatory cytokine

*Control versus all experimental groups; + H,0, versus all experimental
groups; +,*=p<0.05, ++,=p<0.01, +++,*=p<0.001

TNFa: Tumor necrosis factor alpha, Cnt: Control
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and B80 groups, the activity of SOD enzyme increased when
compared to H,0, group (Figure 6).

To our knowledge, it was shown for the first time that
baicalein has a protective effect on H,0,-induced 1929 cell

damage by effecting two important cellular process: SOD
and inflammation. In current literature, it is well-known that
the anti-inflammatory, antioxidant, anti-angiogenesis, and
immunomodulatory effects of baicalein have been proven
(12). A study reported that baicalein decreased cell viability
in human lung fibroblast MRC-5 cell line (13). In this study,
baicalein increased cell viability in [929 fibroblast cells, while
it was shown that cell viability decreased in H,0, damage group
(5,14,15).

TGFp

& QQS“ 6&“
Figure 5: The levels of anti-inflammatory cytokines

*Control versus all experimental groups; + H,0, versus all experimental
groups; +,*=p<0.05, ++,"= p<0.01, +++,*= p<0.001

IL-10: Interleukin 10, TGFB: The transforming growth factor beta, Cnt: Control
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Figure 6: The activity of SOD enzyme

*Control versus all experimental groups; + H,0, versus all experimental
groups; +,*=p<0.05, ++,*=p<0.01, +++, **=p<0.001

SOD: Superoxide dismutase, Cnt: Control
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IFA findings were compatible with the cell viability assay
findings. The ratios of FDA, which gives green fluorescent color
to living cells, and Pl to DNA helix of dead cells, have shown that
baicalein has no toxic effects on healthy cells. A study reported
similar findings with our study that baicalein did not cause death
in Chinese hamster lung fibroblast cells (V79-4) (16). After H,0,
penetrates the cells, it produces a highly reactive hydroxyl radical
that attacks cellular components including lipids, proteins and
DNA (17,18). Membrane lipid peroxidation induced by H,0, is
one of the most important damages responsible for the loss of
cell viability. It was detected that there were less death cells in
H,0, + baicalein treatment groups when compared to control.
Consistent with the literature, it can be said that baicalein has a
protective effect on H,0, damaged cells (17,19).

SOD is one of the important factors inducing organ damage
and associated with over-released of reactive oxygen species
such as hydrogen peroxide (20). On the other hand, SOD is an
important reactive oxygen species (ROS) scavenger, which can
transform superoxide radicals into H,0, and prevent ROS attack
to important organs (21). It is known that SOD has therapeutic
effects in physiological and pathological cellular conditions
including inflammatory diseases, cancer, and neurodegenerative
diseases (22). In our study, it was observed that high-dose
baicalein application increased the SOD level, and low-dose
baicalein slightly decreased the activity of SOD enzyme in
related experiment groups. Tan et al. (23) performed a study and
reported that pretreatment of baicalein increased the activity
of SOD. Additionally, Ye et al. (24) also reported similar findings
that baicalein activated apoptosis through induced intracellular
ROS generation, and SOD apparently inhibited intracellular ROS
production. These information shows us that baicalein has a
potential to be effective on cellular SOD parameters.

On the other hand, all kinds of cellular damage including
H,0, can cause an inflammation in tissue and cytokine release.
In our study, H,0, caused an increase in the levels of TNF-
alpha, TGF-beta, and IL-10; while different doses of baicalein
application decreased the levels of mentioned cytokines.
In current literature, it can be seen that baicalein has anti-
inflammatory effects of some experimental models. Lin et
al. (25) reported that TNF-alpha and IL-6 were suppressed by
baicalein pretreatment; however, IL-10 level was significantly
elevated by baicalein in contrast to our study. Generally, studies
in literature support the current data about the inflammatory
cytokine levels (26-28).

Study Limitations

The study have some limitations. First, | should have used
more than one cell culture to compare the exact effects
of baicalein on hydrogen-peroxidase damage. Second, |
should have tried to determine more inflammatory and
oxidative stress parameters. For example, to better explain

the anti-inflammatory and anti-oxidant effects, additional
parameters including catalase (CAT), lipid peroxidase (LPO),
Malondialdehyde  (MDA), Interleukin-1-beta  (IL-1-B),
Interleukin-6 (IL-6), Interleukin-17 (IL-17), and Interleukin-22
(IL-22) should have been determined. Third, seconder cellular
signaling pathways related with the inflammation and
oxidative stress processes should have been checked.

As a conclusion, pretreatment with baicalein results in
significant findings including the suppression of inflammatory
cytokines, TNF-alpha, TGF-beta, IL-10 and increase of SOD
parameter, SOD, in L929 cells. Taking everything into account,
baicalein which is a natural product may be an alternative
therapeutic option for prevention of cellular SOD and
inflammatory processes. To better understand the potential
beneficial effects of baicalein, molecular mechanisms and
cellular targets should be investigated.

Ethics

Ethics Committee Approval: This study is a cell culture study
and therefore ethics committee approval was not obtained.

Informed Consent: Cell culture study.
Peer-reviewed: Externally peer-reviewed.

Financial Disclosure: The author declared that she did not
receive any financial support during this article.

References

1. Baktir G. Wound Repair and Experimental Wound Models. Experimed.
2019;9:130-137.

2. Wang PH, Huang BS, Horng HC, et al. Wound healing. J Chin Med Assoc.
2018;81:94-101.

3. Wilkins RG, Unverdorben M. Wound cleaning and wound healing: a concise
review. Adv Skin Wound Care. 2013;26:160-163.

4. Cano Sanchez M, Lancel S, Boulanger E, et al. Targeting Oxidative Stress and
Mitochondrial Dysfunction in the Treatment of Impaired Wound Healing: A
Systematic Review. Antioxidants (Basel). 2018;7:98.

5. Sung TJ, Wang YY, Liu KL, et al. Pholiota nameko Polysaccharides Promotes
Cell Proliferation and Migration and Reduces ROS Content in H202-Induced
1929 Cells. Antioxidants (Basel). 2020;9:65.

6. Gouin JP, Kiecolt-Glaser JK. The impact of psychological stress on wound
healing: methods and mechanisms. Immunol Allergy Clin North Am.
2011;31:81-93.

7. Wang L, Feng T, Su Z, et al. Latest research progress on anticancer effect of
baicalin and its aglycone baicalein. Arch Pharm Res. 2022;45:535-557.

8. Dinda B, Dinda S, DasSharma S, et al. Therapeutic potentials of baicalin and
its aglycone, baicalein against inflammatory disorders. Eur J Med Chem.
2017;131:68-80.

9. Gasiorowski K, Lamer-Zarawska E, Leszek J, et al. Flavones from root of
Scutellaria baicalensis Georgi: drugs of the future in neurodegeneration?
CNS Neurol Disord Drug Targets. 2011;10:184-191.

10. Hu Z, Guan Y, Hu W, et al. An overview of pharmacological activities of
baicalin and its aglycone baicalein: New insights into molecular mechanisms
and signaling pathways. Iran J Basic Med Sci. 2022;25:14-26.

15



Pinar Bayram. The Protective Effects of Baicalein on L929

Ankara Universitesi Tip Fakiiltesi Mecmuasi 2023;76(1):11-16

20.

16

. Bainbridge P. Wound healing and the role of fibroblasts. J Wound Care.

2013;22:407-408.

. Yang JY, Li M, Zhang CL, et al. Pharmacological properties of baicalin on

liver diseases: a narrative review. Pharmacol Rep. 2021;73:1230-1239.

. Cui X, Sun X, Lu F, et al. Baicalein represses TGF-B1-induced fibroblast

differentiation through the inhibition of miR-21. Toxicol Appl Pharmacol.
2018;358:35-42.

. Cinar I. Evaluation of Protective Effects of Gossypin against Hydrogen

Peroxide Damage in L929 Fibroblast Cells. Kafkas Journal of Medical
Sciences. 2020;10:15-23.

. Jussofie A, Kirsch M, de Groot H. Ca2+-dependent cytotoxicity of H202

in 1929 cells: the role of H202-induced Na+-influx. Free Radic Biol Med.
1998;25:712-719.

. Kang KA, Zhang R, Piao MJ, et al. Baicalein inhibits oxidative stress-induced

cellular damage via antioxidant effects. Toxicol Ind Health. 2012;28:412-
421.

. Kang KA, Piao MJ, Kim KC, et al. Fisetin attenuates hydrogen peroxide-

induced cell damage by scavenging reactive oxygen species and activating
protective functions of cellular glutathione system. In Vitro Cell Dev Biol
Anim. 2014;50:66-74.

. Mary VS, Theumer MG, Arias SL, et al. Reactive oxygen species sources and

biomolecular oxidative damage induced by aflatoxin B1 and fumonisin B1
in rat spleen mononuclear cells. Toxicology. 2012;302:299-307.

. Liu B, Jian Z, Li Q, et al. Baicalein protects human melanocytes from

H,0,-induced apoptosis via inhibiting mitochondria-dependent caspase
activation and the p38 MAPK pathway. Free Radic Biol Med. 2012;53:183-
193.

Ransy C, Vaz C, Lombeés A, et al. Use of H202 to Cause Oxidative Stress, the
Catalase Issue. Int J Mol Sci. 2020;21:9149.

22.

23.

24.

25.

26.

27.

28.

. Karamese M, Erol HS, Albayrak M, et al. Anti-oxidant and anti-inflammatory

effects of apigenin in a rat model of sepsis: an immunological, biochemical,
and histopathological  study. Immunopharmacol  Immunotoxicol.
2016;38:228-237.

Younus H. Therapeutic potentials of superoxide dismutase. Int J Health Sci
(Qassim). 2018;12:88-93.

Tan S, Zhou S, Luo Y. Baicalein pretreatment confers cardioprotection
against acute myocardial infarction by activating the endothelial nitric
oxide synthase signaling pathway and inhibiting oxidative stress. Mol Med
Rep. 2014;9:2429-2434.

Ye F, Wang H, Zhang L, et alJ. Baicalein induces human osteosarcoma cell
line MG-63 apoptosis via ROS-induced BNIP3 expression. Tumour Biol.
2015;36:4731-4740.

Lin L, Wu XD, Davey AK, et al. The anti-inflammatory effect of baicalin
on hypoxia/reoxygenation and TNF-alpha induced injury in cultural rat
cardiomyocytes. Phytother Res. 2010;24:429-437.

Cheng PY, Lee YM, Wu YS, et al. Protective effect of baicalein against
endotoxic shock in rats in vivo and in vitro. Biochem Pharmacol.
2007;73:793-804.

Meng H, Fu G, Shen J, et al. Ameliorative Effect of Daidzein on Cisplatin-
Induced Nephrotoxicity in Mice via Modulation of Inflammation, Oxidative
Stress, and Cell Death. Oxid Med Cell Longev. 2017;2017:3140680.

Orzechowska B, Chaber R, Wisniewska A, et al. Baicalin from the
extract of Scutellaria baicalensis affects the innate immunity and
apoptosis in leukocytes of children with acute lymphocytic leukemia. Int
Immunopharmacol. 2014;23:558-567.



RESEARCH ARTICLE / ARASTIRMA MAKALES| soiars Dnivrstes o o e ST e o

BASIC MEDICAL SCIENCES / TEMEL TIP BILIMLERI

Immunoreactivity of NOS2 and NF-«B in Kidney Tissue in

Experimental Alcohol Consumption Model
Deneysel Alkol Tiiketimi Modelinde Bobrekteki NOS2 ve NF-kB’nin Immuinreaktivitesi

@ Asli Okan1, ® Abdulhadi Cihangir Uguz2, ® Osman Oztiirk3, ® Ece Eroglu4, ® Seher Yilmaz5, ® Ziileyha Doganyigit!

IYozgat Bozok University Faculty of Medicine, Department of Histology and Embryology, Yozgat, Turkey
2Karamanoglu Mehmetbey University Faculty of Medicine, Department of Biophysics, Karaman, Turkey
3Yozgat Bozok University Faculty of Medicine, Department of Pediatrics, Yozgat, Turkey

4Yozgat Bozok University Faculty of Medicine, 4" Grade Student, Yozgat, Turkey

>Yozgat Bozok University Faculty of Medicine, Department of Anatomy, Yozgat, Turkey

Abstract

Objectives: The negative effects of alcohol on health have attracted attention in recent years. The most devastating complications of alcoholism,
such as kidney damage, can be seen due to the continuous consumption of alcohol. Possible mechanisms by which alcohol may increase renal
dysfunction have been expressed in the literature. Among these mechanisms, oxidative stress is thought to be a potential mechanism that affects
kidney function. Nitric oxide synthase (NOS) and nuclear factor kappa B (NF-kB) levels, which have roles in oxidative stress and inflammation, may
be at abnormal levels in the kidney in alcohol use disorder. This study aimed to evaluate the role of NOS and NF-kB molecules in the mechanism
of kidney damage caused by alcohol use.

Materials and Methods: The immunoreactivity of NOS2 and NF-kB in kidney tissue was evaluated in an experimental model of acute and
chronic alcohol intake in male and female rats (n=56). Groups, control female, control male, sham female, sham male, acute male model, acute
female model, chronic female model and chronic male model. The acute and chronic model groups were given ethanol to induce alcohol intake.
Immunohistochemical analyzes were performed for NOS2 and NF-kB expressions along with histopathological analysis in kidney tissues.

Results: It was observed that glomerulation degeneration, bleeding, vacuolization, and inflammation were increased in kidney tissues in all groups
compared to control groups. In addition, NF-kB and NOS2 expressions were found to be significantly higher in the acute and chronic model groups
compared to the control groups.

Conclusion: The presented findings reveal that the expression of NOS2, which is involved in oxidative stress, and NF-kB, which is involved in
inflammation, increases kidney damage in acute and chronic alcohol intake. Therefore, NFkB and NOS2 proteins, which play a role in tissue damage,
inflammation, and oxidative stress response, may be associated with alcohol-induced renal damage.

Key Words: Alcohol Consumption Model, NF-«kB, NOS2, Kidney, Oxidative Stress

Amac: Alkoliin saglik tizerindeki olumsuz etkileri son yillarda dikkatleri lizerine cekmektedir. Kronik alkol tiiketimi nedeniyle bobrek hasari gibi yikici
komplikasyonlar goriilebilir. Alkoliin bobrek fonksiyon bozuklugunu artirabilecegi olasi mekanizmalar literatiirde ifade edilmistir. Bu mekanizmalar
arasinda oksidatif stresin bobrek fonksiyonlarini etkileyen potansiyel bir mekanizma oldugu disiiniilmektedir. Oksidatif stres ve enflamasyonda
rolii olan nitrik oksit sentaz (NOS) ve niikleer faktor kappa B (NF-kB) seviyeleri, alkol kullanim bozuklugunda bobrekte anormal diizeylerde
gorilebilmektedir. Bu ¢alismada alkol kullanimina bagli bébrek hasarinin mekanizmasinda NOS ve NF-kB molekiillerinin rolliniin degerlendirilmesi
amaclanmistir.
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Okan et al. NF-kB, NOS2 in Alcohol Consumption Model

Gereg ve Yontem: Bobrek dokusunda NOS2 ve NF-kB'nin immiinoreaktivitesi, erkek ve disi sicanlarda (n=56) deneysel bir akut ve kronik alkol alimi
modelinde degerlendirildi. Gruplar, kontrol disi, kontrol erkek, sham disi, sham erkek, akut erkek model, akut disi model, kronik disi model ve kronik
erkek model olarak ayrilmistir. Akut ve kronik model gruplarina alkol alimini tesvik etmek icin etanol verildi. Bébrek dokularinda histopatolojik analiz
ile birlikte NOS2 ve NF-kB ekspresyonlari icin immiinohistokimyasal analizler yapildi.

Ankara Universitesi Tip Fakiiltesi Mecmuasi 2023;76(1):17-23

Bulgular: Kontrol grubuna gore tiim gruplarda bébrek dokularinda glomeriilasyon dejenerasyonu, kanama, vakuolizasyon ve enflamasyonun arttigi
gorildi. Ayrica NF-kB ve NOS2 ekspresyonlari akut ve kronik model gruplarinda kontrol gruplarina gére anlamli olarak yiiksek bulunmustur.

Sonugc: Sunulan bulgular, akut ve kronik alkol aliminda oksidatif streste yer alan NOS2 ve enflamasyonda rol oynayan NF-kB ekspresyonunun bobrek
hasarini artirdigini ortaya koymaktadir. Bu nedenle, doku hasari, enflamasyon ve oksidatif stres yanitinda rol oynayan NF-kB ve NOS2 proteinleri,

alkoliin neden oldugu bobrek hasari ile iliskili olabilir.

Anahtar Kelimeler: Alkol Tiiketim Modeli, NF-kB, NOS2, Bobrek, Oksidatif Stres

Introduction

Alcohol consumption is one of the leading causes of
preventable deaths worldwide, with 3 million deaths per year
attributable to alcohol. Alcohol-related morbidity and mortality
are largely due to the high rates of alcohol use disorder in
the population (1). Chronic alcohol consumption can often
be associated with clinical diseases such as breast and colon
cancer, pancreatic disease, liver cirrhosis, diabetes, osteoporosis,
arthritis, kidney disease, immune system dysfunction, and
hypertension (2). In addition, a relationship between kidney
diseases due to alcohol use disorder has been shown in the
literature (3).

Studies in the literature report that the incidence of kidney
disease is lower in heavy alcohol drinkers (more than 210 g/week
alcohol consumption) compared to moderate alcohol drinkers
(70-210 g/week alcohol consumption) (4,5). The possible
relationship between alcohol consumption and kidney damage
has not yet been fully elucidated. In the literature, it has
been suggested that oxidative stress resulting from increased
production of reactive oxygen species (ROS) may play a role in
pathogenesis. Increased ROS can trigger excessive amounts of
free radicals, triggering tissue damage in the kidney. In addition,
the effect on other major organs (liver, heart, intestines and
skeletal muscle) in alcohol use disorder can trigger adverse
pathological processes that damage the kidneys (3).

Aclinical study conducted in 2018 showed itsassociation with
alcohol use disorder due to the development of chronic kidney
disease. An approximately two-fold increase in the incidence of
newly diagnosed chronic kidney disease has been reported in
alcohol use disorder (6). Alcohol addiction may be a risk factor
for the development of chronic kidney disease, especially in
the younger population. A study in 2022 also investigated the
mortality rate, disease progression, and disease burden of acute
kidney injury in the alcohol use disorder population. It was stated
that the subpopulation of patients with alcohol use disorder
had a higher number of patients with acute kidney injury and
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a higher mortality rate than the subpopulation without alcohol
use disorder (7). Therefore, determining the pathogenesis of
kidney damage in individuals with alcohol use disorder may be
important in preventing alcohol-related mortality.

Nitric oxide synthase (NOS), a molecule associated with
oxidative stress, may be involved in alcohol dependence (8).
Nitric oxide (NO), the smallest known signaling molecule,
is produced by three isoforms of NOS. All use I-arginine and
molecular oxygen as substrates (9). The NO pathway is involved
in the regulation of glomerular hemodynamics. The net effect
in the kidney is to support natriuresis and diuresis, to adapt
to changes in dietary salt intake, and to contribute to the
maintenance of normal blood pressure (10). In a study, the
effect of the NOS cofactor tetrahydrobiopterin during chronic
alcohol consumption was investigated. Sprague-Dawley rats
fed alcoholic or non-alcoholic liquid diets for 2-3 months
have demonstrated impaired NOS-induced vasodilation during
alcohol consumption (11). In this context, NOS in chronic alcohol
consumption may affect kidney damage about oxidative stress.

NF-kB, which is involved in tissue damage and inflammatory
processes, are inducible transcription factors (12). NF-kB
stimulates two major signaling pathways, canonical and non-
canonical (or alternative) that are responsible for regulating
immune and inflammatory responses (13). The most important
function of NF-kB is the regulation of inflammatory responses.
NF-kB, mediates the induction of various proinflammatory
genes in innate immune cells (14). Activation of the NF-kB
signaling pathway is associated with the expression of NOS and
cyclooxygenase-2 enzymatic proteins (15,16). In this context,
NF-kB may act by triggering ROS and oxidative stress in alcohol
dependence. In a study conducted in 2020, an agent trial was
conducted that affects the NF-kB signaling pathway in chronic
alcoholic liver disease. It has been shown that andrographolide
can reduce alcohol-induced liver pathological damage and
oxidative stress by reducing the expression of NF-kB and TNF-a
in mice exposed to ethanol (17). Thus, the NOS-mediated NF-«kB
signaling pathway may be activated in the liver and kidney in
alcohol-induced tissue injury.
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In this study, the immunoreactivity of NOS and NF-«B
molecules was investigated for the mechanism of kidney
damage in alcohol dependence. NOS and NF-«kB expressions
were determined by immunohistochemistry in rats with alcohol
dependence through ethanol. In addition, the pathology of
kidney damage in alcohol dependence was evaluated by H&E
staining.

Materials and Methods

Experimental Groups

This study was carried out with ethical approval from
Erciyes University Animal Experiments Local Ethics Committee
(HAYDEK) (approval no: 21/059, date: 07.04.2021). Experimental
groups were designed as follows.

Control Group (n=7): Animals in this group were not treated.

Sham Group (n=7): Animals in this group were given only
the volume (2 mL) of distilled water given to the animals in the
acute model and chronic model by oral gavage.

Acute Model Group (n=7): Animals in this group were given
18% v/v ethanol (prepared in distilled water) in a total volume
(2 mL) and a total dose of 1 g/kg body weight by oral gavage
(18). It is planned to have at least two days between two gavage
applications. In other words, it is aimed to create a model of
alcohol exposure for a period of approximately two weeks in
total. Thus, it was intended to represent a consumption habit
reported in the majority of rats, typically referred to as acute,
low-moderate alcohol intake (19,20).

Chronic Model Group (n=7): Animals in this group were
administered 20% v/v ethanol (prepared in distilled water) in a
total volume (2 mL) by oral gavage at a total dose of 4.5 g/kg
body weight (21).

Gavage was applied to the rats every day between 9.00-
10.00 in the morning (daylight). Body weights were measured
every week and it was observed whether they gained weight
or lost weight. No restrictions were applied on feed and water
consumption. After the experimental protocol was completed,
the experimental animals were decapitated and the kidney
tissue was taken.

Histological Analysis

After 10% formaldehyde fixation, kidney tissue samples
were cleared in xylene and embedded in paraffin after passing
through increasing alcohol series (70%, 80%, 96%, and 1000%%).
Sections were taken as 5 pm for hematoxylin and eosin (H&E)
staining and immunohistochemical staining (22). It was
examined under a light microscope at different magnifications.
Lesions in glomerular degeneration and tubulointerstitial
injury (such as vacuolization, bleeding, and infiltration of
inflammatory cells) were evaluated separately for each animal

and were graded from 0-3: 0 absent, 1 mild, 2 moderate, and
3 severe in each category. Quantification was performed on 30
glomeruli randomly selected by two investigators and randomly
selected cortical areas per 20 sections, and statistical analysis
was performed on mean values from each animal group, n=7
rats per group (23).

Immunohistochemical Analysis

Immunoreactivities of NF-kB (BT-MCA1291, Bioassay
Technology Laboratory) and NOS2 (E-AB-70051, Elabscince)
proteins were determined by immunohistochemical analysis in
sections taken from kidney tissues of experimental groups using
the Avidin-Biotin peroxidase method (22). In summary, after
deparaffinization of 5um thick sections, citrate buffer was used
to open epitopes (pH: 6.0; Thermo Fischer Scientific, UK, AP-
9003-500). Then slides were placed in a 3% hydrogen peroxide
solution in methanol to inhibit endogenous peroxidase activity.
Ultra V block solution (Thermo Fischer Scientific, UK, TA-125-
UB) was applied to prevent non-specific staining. Then, it was
incubated with primary antibodies (NF-kB was used at dilution
ratios of 1:50 and NOS2 at 1:300 dilution ratios) overnight at 4
°C. After, it was incubated with biotinylated goat anti-polyvalent
secondary antibody (Thermo Fisher Scientific, UK, TP-125-BN)
for 40 minutes in a 37 °C oven. After washing several times
with PBS, it was incubated with streptavidin peroxidase (Thermo
Fisher Scientific, UK, TS-125-HR) for 30 minutes in a 37 °C
oven. The antibody complex was visualized by incubation with
diaminobenzidine (DAB) chromogen (Thermo Fisher Scientific,
UK, TA-125-HD). Sections were then counterstained with Gill Ill
Hematoxylin (Merck, Germany, 1.05174.1000). It was dehydrated
by passing through a series of increasing alcohol and covered
with a sealant called entellan. Sections were examined with an
Olympus BX53 light microscope. Evaluation of immunoreactivity
levels was done with ImageJ Version 1.46 (National Institutes of
Health, Bethesda, Maryland).

Statistical Analysis

GraphPad Prism 8.0 software program was used for all
statistical analysis and graph drawing. Two-way ANOVA analysis
of variance and Tukey's multiple comparison tests were applied
to analyze the numerical data obtained from the observed
damage rates in the kidney. P<0.05 was considered statistically
significant.

Histological Results

It was observed that glomerulation degeneration, bleeding,
vacuolization, and inflammation were increased in kidney
tissues in acute and chronic models of both sexes compared to
control groups (Figure 1, Table 1). Especially in the acute male
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group, glomerular degeneration, bleeding, and vacuolization
were found to be significantly increased compared to the
acute female group (*p<0.001, *p<0.05; Table 1). While there
was a significant decrease in vacuolization in the chronic male
group compared to the chronic female group, an increase in
inflammation was observed (**p<0.0001; Table 1).

Immunohistochemical Results

NF-kB and NOS2 expressions were significantly higher in the
acute and chronic model groups compared to the control groups
(Figure 2). While NF-kB expression increased 3.6 times in the
acute female group and 4.9 times in the chronic female group
compared to the control female group, it was observed that it
increased 4.2 times in the acute male group and 4.4 times in the
chronic male group compared to the control male group. While
the NF-kB expression observed in the chronic female group was
found to be significantly higher than in the acute female group,
no difference was observed between the acute male and chronic
male groups.

While NOS2 expression increased 3.08-fold in the acute
female group and 3.1-fold in the chronic female group
compared to the control female group, it was observed that it
increased 3.6-fold in the acute male group and 4.3-fold in the

Control
RIS

chronic male group compared to the control male group. It was
determined that there was no difference between the acute and
chronic model groups.

When the female and male acute models were compared
within themselves, no difference was observed in terms of
NF-kB and NOS2 expression. While NOS2 expression increased
significantly in the chronic male group compared to the chronic
female group, there was no difference in NF-kB expression.

In recent years, the negative effects of alcohol on health
have reached remarkable dimensions. Mortality and morbidity
rates resulting from alcohol consumption are increasing every
year. Complications such as kidney damage and liver failure can
often be seen due to the continuous consumption of alcohol.
Chronic alcohol consumption can seriously affect kidney
damage. In our study, we found that the immunoreactivity of
NF-kB and NOS2 in the kidney was increased in both acute and
chronic alcohol intake models compared to control groups.
While the NF-«kB expression observed in the chronic female
group was significantly higher than in the acute female group,
no difference was observed between the acute male and chronic

Figure 1: H&E staining images of kidney tissues of the experimental groups. The black arrow indicates hemorrhage, the yellow arrow indicates
glomerular degeneration, the light blue arrow vacuolization, and the dark blue arrow inflammation. Magnification 20X, scale bar= 50 pm

Table 1: Kidney damage rates by groups

Tubulointerstitial lesions

Glomerular

Groups degeneration Hemorrhage
Control female 0.38+0.05 0.34+0.05
Sham female 0.36+0.04 0.31+0.05
Acute female 1.21+0.12% 1.40+0.322
Chronic female 1.98+0.18%%¢ 2.01+0.26%*
Control male 0.40+0.07 0.35+0.14
Sham male 0.41+0.06 0.23+0.08
Acute male 1.62+0.16%" 1.84+0.319"
Chronic male 2.20+0.134%f 2.06+0.19%

Vacuolization Inflammation

0.44+0.06 0.20+0.05
0.50+0.08 0.25+0.03
1.06+0.18%° 0.73+0.04%
2.09+0.39%¢ 0.80+0.07%°
1.10+0.22 0.33+0.08
0.40+0.04 0.37+0.18
1.42+0.29% 1.08+0.30%
1.55+0.40%™ 1.49+0.30%™

Two-way analysis of variance and Tukey's multiple comparison tests were applied. Data shown in the table are expressed as mean + standard deviation. ®: p<0.05 compared to the
control female group; °: p<0.05 to the sham female group; ¢: p<0.05 compared to the acute female group; ¢: p<0.05 compared to the control male group; ¢: p<0.05 compared to the
sham male group; " p<0.05 shows that there is a statistical difference compared to the acute male group, *p<0.05, *p<0.001, **p<0.0001
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Figure 2. NF-kB and NOS2 immunostaining images in the kidney tissues of the experimental groups. A) NF-kB immunostaining images. B) NOS2
immunostaining images. Magnification 20X, scale bar=50 pm. C) Bar graphs showing immunostaining intensities. Data shown in bar graphs are
expressed as mean + standard deviation. Two-way analysis of variance and Tukey's multiple comparison tests were applied. a: means p<0.05 from the
control female group, b: p<0.05 from the sham female group, c: p<0.05 from the acute female group, d: p<0.05 from the control male group, e: from

the p<0.05 sham male group, and f: p<0.05 from the acute male group

male groups. When the female and male acute models were
compared within themselves, no difference was observed in
terms of NF-kB and NOS2 expression. While NOS2 expression
increased significantly in the chronic male group compared
to the chronic female group, there was no difference in NF-
kB expression. Therefore, NF-kB and NOS2 proteins, which
play a role in tissue damage, inflammation, and oxidative
stress response, may be associated with alcohol-induced renal
damage.

Chronic alcohol consumption can affect kidney damage
to a certain extent. A 2017 study showed that acute
alcohol poisoning exacerbated acute renal failure due to
rhabdomyolysis in rats. The renal tissue injury parameters NF-
kB and inducible NOS (iNOS) were evaluated by giving rats
intravenous injections of 5 g/kg ethanol for 3 hours (24). In
this context, acute alcohol intoxication may exacerbate renal
failure through pro-oxidant and inflammatory effects such

as iNOS and NF-kB. In correlation with our results, NF-kB and
NOS2 expression increases due to damage to the mechanism
of alcoholic nephropathy. In addition, new studies on kidney
damage due to acute and chronic alcohol intake are needed in
the literature.

iNOS mediates ethanol-induced redox imbalance and
upregulation of inflammatory cytokines in the kidney. Renal
damage was investigated by administering ethanol (20% v/v)
to C57BL/6 wild-type and iNOS gene-deficient (iNOS-/-) mice
for 10 weeks (25). iINOS may play a role in ethanol-induced
oxidative stress and proinflammatory cytokine production in
the kidney. In another study, it was determined that inhibition
of NF-kB reduced glycerol-induced kidney damage. Wistar rats
were given 8 ml/kg of 50% glycerol intramuscularly and their
renal parameters were evaluated (26). In the context of these
data, decreased NF-kB expression may reduce alcohol-induced
kidney damage.
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In the literature, the role of CYP2E1 in the regulation
of NOS and NF-kB is emphasized. Therefore, a 2015 study
observed that CYP2E1 was induced in the renal tubules
of mice on a chronic alcohol diet (27). Therefore, it can be
stated that kidney damage due to chronic ethanol intake
can be induced by CYP2E1 in the liver. In addition, induction
of CYP2E1 can lead to the generation of ROS and oxidative
stress (28). NOS, a molecule involved in the oxidative stress
mechanism and shown to be induced by CYP2E1 (29), has
been reported to stimulate the production of proinflammatory
cytokines through the activation of redox-sensitive NF-kB by
exerting the pathological effects of CYP2E1 in alcohol damage
by increasing nitroxidative stress and lipid peroxidation (30).
Therefore, enzymes such as CYP2E1 may have a role in the
mechanism that triggers the activation of NOS2 and NF-«B
in acute and chronic alcohol consumption-induced kidney
damage. Determination of molecules that trigger oxidative
stress and inflammatory processes in renal damage due to
alcohol dependence is considered important in pathogenesis.

Study Limitations

Our data show increased expression of NOS2 and NF-
kB in acute and chronic alcohol consumption-induced
kidney damage. However,
immunohistochemical changes can be considered as the

limitation of the study. In future studies, a comprehensive

only the demonstration of

characterization can be revealed by investigating the protein
and mRNA expressions of NOS2, NF-kB and other inflammatory
mediators in the same tissues.

Our data show increased expression of NOS2 and NF-«xB
in the kidney in the acute and chronic alcohol intake model
induced in rats. On the other hand, only the demonstration of
immunohistochemical changes can be considered a limitation
of our study. In future studies, a comprehensive characterization
can be revealed by examining the protein and mRNA expressions
of NOS2, NF-«B, and other inflammation and oxidative stress
parameters in similar tissues.
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Kazanilmis Faktor VIiI ve IX Inhibitorii Olan Hastalarda
Immiinosiipresif Tedavi Etkinlik ve Giivenilirliginin
Degerlendirilmesi

Evaluation of the Efficacy and Safety Immunosuppressive Therapy in Patients with Acquired
Factor VIl and IX Inhibitor
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Amac: Mortalitesi yiiksek kanamalara yol acabilen ve nadir gozlemlenen kazanilmig faktor inhibitorii olan hastalarda, immiinostipresif tedavi
etkinlik ve glvenilirlik sonuclarinin degerlendirilmesidir.

Gerec ve Yontem: Kasim 2018-Mart 2022 tarihleri arasinda merkezimizde kazanilmis faktor inhibitorii ile takip ve tedavi edilmis hastalar ¢calismaya
dahil edildi.

Bulgular: Calismaya ortanca yasi 65 (aralik, 43-76) dérdii erkek toplam yedi hasta dahil edildi. Faktor inhibit6r gelisim nedenleri; postpartum dénem
(n=1), lupus antikoagdilan (n=1), ileri yas (n=2) ve malignite (n=3) olup, tiim hastalarda ortanca takip siiresi 9 ay (aralik, 2-46 ay) idi. Dért hastada
tanida yiiksek titreli inhibitdr vardi [ortanca: 7,06 BU/mL (aralik, 5,76-100)] ve tiimii immiinosiipresif tedavi (metilprednizolon ve siklofosfamid
kombinasyonu, rituximab) almisti. Hastalarin tamami immiinostpresif tedaviye yanit verirken (toplam yanit orani %100; tam yanit %50, kismi
yanit %350), postpartum dénemde faktor inhibitéri gelismis bir hastada rituximab tedavisine yanit alinmistir. Hastalarin ikisinde kanama sirasinda
rekombinant aktive-faktér VII (rFVIla) ve aktive protrombin kompleks konsantreleri (aPCC) hemostazi saglamistir. DUsiik titrede faktor inhibitori
saptanan (¢ hasta ise kanama olmadigindan imminosiipresif tedavi almamis, hastalarda ihibitér gelisiminden sorumlu neden ortadan kalktiginda
koagiilasyon testleri diizelmistir.

Sonuc: Kazanilmis yiiksek titreli faktor inhibitorii olan hastalarda bilinen tedavi seceneklerinin birbirine tstlinligii kanitlanmamustir. Direncli faktor
inhibitdr tedavisinde rituximab alternatif bir secenek olabilir ve hastalarda hemostazi saglamada rFVlla ve aPCC kullanimi etkindir. Disiik titrede
faktor inhibitorl olan hastalarin tedavisinde ise klinik durum ve altta yatan hastalik g6z 6niinde bulundurularak tedavi plani yapiimalidir.

Anahtar Kelimeler: Faktor inhibitor, immiinostipresif Tedavi, Hemostaz

Abstract

Objectives: Acquired factor inhibitor is a rare disorder and can cause life-threatening bleeding. Consequently, we report the efficacy and safety of
our patients with acquired factor inhibitor treated with immunosuppressive drugs.

Materials and Methods: We retrospectively investigated acquired factor inhibitor patients who were followed and treated in our center between
November 2018 and March 2022.

Results: A total of seven patients, four of whom were male, with a median age of 65 (43-76) were included. Acquired factor inhibitor was
associated with malignancy (n=3), advanced age (n=2), postpartum period (n=1) and lupus anticoagulant (n=1). Median follow-up time was 9
months (range, 2-46). High inhibitor titres were detected in four patients [median: 7.06 BU/mL (range, 5.76-100)] and all of them were treated
with immunosuppressive drugs (metilprednisone in combination with cyclophosphamide, rituximab). The overall response rate was 100% (n=4) with
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Abstract

50% complete response and 50% partial response and one patient who developed the inhibitor in the postpartum period responded to single agent
rituximab. To achieve the hemostatic target, recombinant activated clotting factor VII (rFVIla) and activated prothrombin complex concentrate
(aPCC) were used in two out of four patients with active bleeding. Hemostasis was achieved successfully. Three patients developed a low-titre factor
inhibitor and immunosuppressive drugs were not started for inhibitor elimination. Coagulation assays disappeared when the underlying condition

was self-limited.

Conclusion: Clinical presentation of factor inhibitors is highly variable and optimal treatment is not clearly established. Rituximab might be a
promising treatment for therapy-resistant factor inhibitor and bleeding control was achieved with rFVIla and aPCC. Treatment plan of patients with
low-titre factor inhibitor should be provided considering the clinical situation and underlying disease.

Key Words: Factor Inhibitor, Immunosuppressive Theraphy, Hemostasis

Edinsel faktor inhibitdr otoantikorlari oldukca nadir olup,
hayati tehdit eden kanamalara yol acabilir. Kanamalarin yaklasik
%80'den fazlasi deride genis hematom veya ekimoz alanlarini
icermekle birlikte, ayrica intramiskiler alan, yumusak doku,
eklem ve mukozalarda da (epistaksis, gastrointestinal kanama,
hematiiri) goriilebilir (1). Edinsel faktér inhibitér meydana gelme
nedeni cogunlukla idyopatik olup, otoimmiin hastalik, malignite
(en sik sirasiyla prostat adenokarsinom, akciger kanseri, kolon
kanseri; hematolojik malignite en sik sirasiyla lenfoma, kronik
lenfositer |6semi, plazma hiicreli diskrazi), enfeksiyon, ilag iliskili
ve postpartum dénemde gelisebilir (2-4).

Kazanilmis inhibitorler genellikle faktor Viil'e (FVIII)
karsi gelismekte olup, digerleri ¢ok daha nadirdir (2). Kanser
nedenli kazanilmis FVIII inhibitdri olan hastalar, idyopatik
olanlara karsilastirildiginda tekrarlayan kanamalarin daha sik
gorildiigi ve inhibitdr eradikasyon tedavisine tam yanitin
daha az oranda oldugu g6zlemlenmistir (5,6). Bununla birlikte,
kanamalarin faktor seviyesi ve inhibitor titresiyle iliskili olmadigi
bilinmektedir (7). Faktor inhibitori gelisen hastalarda en uygun
tedavi secenegi heniiz bilinmemekle birlikte, tedavide uzun siireli
immunosiuipresyon ve maliyetli faktér replasmani uygulanir.
Tedavide amac, kanamayi engellemek veya kontrol altina almak,
inhibitor eradikasyonu, sekonder gelisimli faktor inhibitoriinde
altta yatan hastaligi kontrol altina almaktir. Tedavi genellikle
merkezin klinik deneyimine gore verilmekte olup, bilinen tedavi
seceneklerinin birbirine Gstiinliigu kanittanmamistir (8,9). Biz
bu calismada kendi merkezimizde kazaniimis faktor inhibitorii
nedeniyle imminosipresif tedavi alan hasta sonugclarini
paylastik.

Gereg ve Yontem

Kasim 2018-Mart 2022 tarihleri arasinda merkezimizde
kazanilmis FVIII inhibitorii ile tedavi edilmis hastalar calismaya
dahil edildi. Hasta dosyalar geriye doniik olarak degerlendirildi.
Calismada inhibitor tanisi ile takip edilen hastalarin tani ve/veya
takip siirecinde kanamasi olup olmadigi, kanamasi olan hastalarda

kanama bolgesi, hastalarin koagllasyon testlerinde uzama, faktor
inhibitor gelisim nedeni, faktor inhibitor titre diizeyi, koagtilasyon
testlerinde uzamaya ve direncli faktor inhibitor olusumun eslik
edebilecek lupus antikoagllan tespiti amaci ile antiniikleer
antikor (ANA), anti-DsDNA, antikardiyolipin antikorlari ve lupus
antikoagiilan immiin belirtec varligi degerlendirildi. inhibitor
titresi modifiye Bethesda testi ile saptandi. Bethesda testi ile >0,6
BU/mL olan titreler pozitif olarak kabul edildi. izlem sirasinda
titre 5 BU/mLyi asmiyorsa “diisiik titreli inhibitor" adi verildi
(10). immiinosiipresif tedavi uygulanan bu hastalarda faktor
inhibitor eradikasyon yaniti, yanit devamlilik stiresi, tedavi iliskili
toksisite, kanama kontrolii (kanama durumunda) degerlendirildi.
Tam yanit (TY) normal sinirlarda faktér aktivitesi (%70-140) ve
faktor inhibitdr titresinin saptanmamasi, kismi yanit (KY) faktor
aktivitesinin %30'a kadar gorilmesi, faktor inhibitor titresinin
<5 BU/mL olmasi olarak tanimlandi (11). Calismaya katilan tiim
hastalara hastanin vyasi, altta yatan hastaligi, dnceki kanama
alani-siddeti ve inhibitor diizeylerine gore bireysellestirilmis
tedavi uygulandi.

Calismamiz, Ankara Universitesi Tip Fakiiltesi, Insan
Arastirmalari Etik Kurulu tarafindan onayland (tarih: 10.12.2021,
karar no: 111-696-21) ve Helsinki Deklarasyonu'nda belirtilen etik
standartlara uygun olarak yuratilda.

Cahsmanin birincil amaci, ilgili dénemlerde merkezimizde
kazanilmig faktor inhibitori tanisi ile takip edilen hastalarimizda,
immiinosupresif tedavi etkinlik ve glivenilirlik sonuglarinin
degerlendirilmesidir (faktor inhibitor eradikasyon yaniti, yanit
devamlilik stiresi, tedavi iliskili toksisite, kanama kontrold). Cok
nadir gozlemlenen kazanilmis faktor inhibitor tani farkindaligini
artirmak ve etkin olarak kullanilabilecek alternatif tedavi
seceneklerinin literatiire kazandirilmasi ise c¢alismanin ikincil
amaclaridir.

istatistiksel Analiz

Cok nadir goriilen bir hastalik olmasi nedeni ile calisma
sonuglar olgu bazinda dederlendirilerek sunuldu. Normal
dagilmayan siirekli degiskenler icin ortanca, minimum ve
maksimum degerler verildi. Sagkalim hesaplamalari icin Kaplan-
Meier yontemi kullanildi. istatistiksel analizler, “Statistical

25



Koyun ve ark. Kazanilmis inhibitorii Olan Hastalarda immiinosiipresif Tedavi

Ankara Universitesi Tip Fakiiltesi Mecmuasi 2023;76(1):24-29

Package for Social Sciences (SPSS) for Windows 21.0 (SPSS Inc,
Chicago, IL)" yazilimi kullanilarak yapildi.

Bulgular

Calismaya ortanca yasi 65 (aralik, 43-76; 3 kadin, 4 erkek)
olan toplam yedi hasta dahil edildi. Hastalarin 6zellikleri Tablo
1'de verilmistir. Faktor inhibitor gelisim nedenleri; postpartum
donem (n=1), lupus antikoagiilan (n=1), ileri yas (n=2) ve
malignite (n=3) idi. Hastalarin dérdii (%57) nedeni bilinmeyen
kanama, eslik eden anemi 6ykusii ve aktive parsiyel tromboplastin
zamani (aPTT) uzamasi ile basvurmustu. Bu hastalarda (n=4)
tanida ANA, antikardiyolipin antikorlari ve lupus antikoagiilan
immin belirtecleri negatif olup, tanida faktor inhibitor titresi
>5 BU/mLnin iizerindeydi [ortanca: 7,06 BU/mL (aralik, 5,76-
100)] ve tiimii immiinosiipresif tedavi almisti. iki hastada
kanama sirasinda hemostaz kontrolii icin bypass edici ilaglar
(rFVlla, aPCC) kullanilmisti. Faktér inhibitor titresi <5 BU/mL
(hesaplanamayacak kadar diistik miktarda) olan 3 (%43) hastada
ise aktif kanama olmayip, operasyon Oncesi yapilan rutin
tetkiklerinde saptanan izole aPTT yuksekligi nedeniyle faktor
inhibitori saptanmisti. Bu hastalarin birine birlikte eslik eden
lupus antikoagiilani nedeniyle immiinostipresif tedavi verilmisti.

Tablo 1: Hasta ozellikleri

Hasta Tam _ Altta yatan P
no yast Cinsiyet neden Kanama bdlgesi  Hb (g/dL)
Dis eti
1 43 K Postpartum  Kanamasl, 11,8
tedavi sirasi
hemartroz
ileri yas Alt
2 70 E &komorbid ekstremitede 10
hastaliklar hematom
Alt ekstremite
3 76 E Akciger Ca ve kollarda 13,7
hematom
Alt ekstremite,
4 65 E Mide Ca toraks on duvar, 4,8
kraniyal
Lupus
5 55 K antikoagiilan Yok 8,4
(LA)
6 67 K Rektum Ca Yok 8
ileri yas &
7 76 E komorbid Yok 14,5
hastaliklar

Bir no'lu hastada (43 yasinda kadin) dogum sonrasi 5.
ayda gelismis hem FVIIl hem de FIX; FXI, FXIl ye karsi edinsel
inhibitor vardi ve aktif kanama ile hastanemize basvurmustu.
Tedavide Bonn Malmd (immiinadsorbsiyon, metilprednizolon,
siklofosfamid, IVIG, FVIII) rejimi verilmisti. Bonn Malmé bitimi
sonrasl FVII1 %1,7 olurken, aPTT 67,3 sn, FVIIl inhibitor titresi 33,3
BU/mL'ye gerilemisti. Siklofosfamid idame tedavisi altindayken
sag el bilek hemartrozu ve kompartman sendromu gelisen
hastada, rFVlla ve aPCC ardisik olarak kullanimi ile hemostaz
saglandi. Takipte 8 kiir rituximab ile FIX inhibitord icin TY, FVIII
inhibitord icin KY yanit elde edildi. Klinik olarak ise kanamalari
tamamen dizeldi ve tekrarlamadi. Giinimiizde duslik de olsa
halen FVIII inhibitori devam etmektedir (Sekil 1).

Diger ¢ hasta (70, 76 ve 65 yasinda erkek) 1 mg/kg/giin
metilprednizolon ve siklofosfamid (50-100 mg oral doz) ile tedavi
edildi. ki no'lu hastada faktor inhibitérii ileri yasta (70 yasinda)
gelismisti. Tedavi ile 2. ayda tamamen duzeldi ve hastaligi
tekrarlamadi. Ugiincii hastada altta akciger malignitesi vardi.
Tedavi ile inhibitdr 1. ayda dlzelmis, ancak hasta malignitesi
nedeni ile 4 ay icinde 6lmistir. Dordiincl hastada iliopsoas kas,
toraks duvari hematomu ve kraniyal kanama nedeni ile basvuruda
hemostaz kontrollinde ardisik olarak rFVlla ve aPCC kullaniimisti.

aPTT  Faktor Karisim 5 hibitor titresi  Takip siiresi &
(sn) diizeyi (%) Ese:}' (BU/mL) Sonlanim
31 ay/
VI 0,1 FVII 100
94,8 ' 61,3 VI KY
FIX 50 FIX 13,2 e
90,6  FVIII 05 40,9 VIl 7,36 16 ay/TY
62,2  FVIII 62 38,6 FVII 6,76 4 ay[TY
1524 RV 05 38,4 FVIII 5,76 2,5 ay/KY
VI 248 -
763  FXI127.8 53,8 Hesaolanamad: 13 @VI-
LA 1,64 P
E}Q'zgf FVIIL, FIX, FXI,
61 44,4 FXII 13 ay/-
FXI 115 Hesaplanamadi
FXII 46,1 P
FV 24,9
FVII 29,4
FVIII 83,6 VI
623 X452 403 Hesaplanamadi 2 ayf~
FXI 13,8
FXII 30,5

Normal aralik: aPTT sn (25,1-36,5), karisim testi aPTT sn (25,1-36,5), LA (0-1,2), %FV (62-169), %FVII (50-129), %FVIII (50-150), %FIX (65-150), %FX (77-131), %FXI (65-150), %FXII

Hb: Hemoglobin, aPTT: Aktive parsiyel tromboplastin zamani
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Takipte immiinosiipresif tedavi ile 1. ayda KY alinmis (FVIIl 13,4,
faktor inhibitor 3,04), ancak hasta sepsis nedenli 2. ayda 6Imdstdir.

Bes no'lu hastada (55 yasinda kadin) sol femur boyun kirig
nedeniyle sol total kalca protez ameliyati planlanmaktaydi.
Hastanin operasyon oOncesi tetkiklerinde saptanan izole aPTT
yiikseklik nedeni arastirilirken, lupus antikoagtilan 1,64; aralik (0-
1,2), faktor XII eksikligi (%27,8) ve diistik titrede FVIII inhibit6r
(FVII %248) saptandi. ANA+++ ve CENP-B+++ olan hastada
romatoloji 6n planda skleroderma diistindii. Hastaya 1 mg/kg/
glin metilprednizolon verildi ve 3 ardisik glin immiinadsorbsiyon
uygulandi. Ameliyat sonrasi aPTT 47,4 sn'ye geriledi. Gliinimiizde
hastanin romatoloji bilim dalinda takip ve tedavisine devam
edilmektedir.

Alti no'lu hastanin (67 yasinda kadin) rektum kanseri
nedeniyle ameliyati planlanmaktaydi ve operasyon oncesi
tetkiklerinde izole aPTT yiiksekligi saptandi. Hastanin ANA,
antikardiyolipin antikorlari ve lupus antikoagilan immiin
belirtecleri negatif olup, tetkiklerinde hesaplanamayacak kadar
dusik titrede hem FVIII hem de FIX; FXI, FXIl'ye karsi edinsel
inhibitérii saptandi. immiinosiipresif tedavi planlanmayan
hastada, ameliyat sonrasi aPTT 36,5 sn'ye geriledi.

Yedi no'lu hastanin (76 yasinda erkek) hasta genel klinik
durum bozuklugu ile bacakta sislik, kizariklik (nekrotizan
fasiit?) ve hemotokezya nedeni ile acil servise basvurmustu.
Tetkiklerinde anemi [hemoglobin (Hb): 11,4 gr/dL] ve aPTT
yliksekligi saptananan hastaya yapilan kolonoskopide rektal
tlserden kanama gozlemlenmisti. Hastanin ANA, antikardiyolipin
antikorlari ve lupus antikoagilan immiin belirtecleri negatif
olup, tetkiklerinde faktor V (%24,9), VII (%29,4), IX (%29,6), X
(%45,2), XI (%13,8), XII eksikligi (%30,5) ve hesaplanamayacak
kadar dusiik titrede FVII inhibitér (FVIII %83,6) saptand.
Immiinosiipresif tedavi planlanmayan hasta sepsis nedenli 2.
ayda olda.

Tim hastalarda ortanca takip siiresi 9 ay (aralik, 2-46 ay)
ve ortalama genel sagkalim 27,5 ay (%95 giiven araligi 11,8-43
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Sekil 1: Bir no'lu hasta

ay) (ortanca degere ulasilamadi) idi (Sekil 2). immiinosiipresif
tedavi verilen hastalarda (n=4) toplam yanit orani %100 (2
TY, 2 KY) idi ve tedavi iliskili herhangi bir yan etki gézlenmedi.
immUnosUpresif tedavi sonrasi (Bonn Malma, metilprednizolon
ve siklofosfamid kombinasyonu) sadece 1 no'lu hastada faktor
inhibitor titre artisi saptandi. Kanamasi olan 2 hastada rFVlla
ve aPCC kullaniminin hemostazi saglamada etkin oldugu
gozlemlendi. Diisiik titrede faktdr inhibitdrii saptanan hastalarda
kanama olmadigindan immiinosuipresif tedavi verilmemis,
inhibitdre gelisimine yol acan neden ortadan kalktiginda
koaglilasyon testlerinde diizelme oldugu gdzlemlenmistir.

Faktor inhibitor gelisen hasta sonuglarinin degerlendirildigi
calismalarin hemen hepsi geriye doniik verilere dayanmaktadir.
Malign tiimorlerle kazanilmis faktor inhibitor gelisimi  ve
klinik seyri arasindaki iliski ile ilgili literatlirde sinirh bilgi
bulunmaktadir. Kanser iliskili kazanilmis faktor inhibitor gelisen
41 hastanin incelendigi bir calismada (n=25 solid tiimor, n=16
hematolojik malignite) 63 hemorajik olay gézlemlenmis olup,
bu hastalarda tani sirasinda ortanca faktor inhibitor titresinin
14 BU/mL (aralik, 1-435 BU) oldugu saptanmistir (4). Calismada
hastalarda TY orani %70 ve TY'li hastalarin cogunlugunda
tlimor evresinin erken evrede oldugu, ayrica inhibitor titresinin
yanitsiz hastalara gore anlamh olarak daha disiik oldugu
gbzlemlenmistir. Sallah ve Wan. (4) malignitesi olan hastalarda
kemoterapi veya cerrahi tedavi ile faktor inhibitériiniin eradike
edilebilecegini diisinmektedir. Biz calismamizda rektum, akciger
ve mide kanseri tanili faktdr inhibitdr gelismis 3 hastamizin
2'sinde immiinosiipresif tedavi ile 1 TY, 1 KY gozlemledik. Dort
no'lu hastada KY alinmasi genel klinik durum bozuklugu kaynakli
siklofosfamidi diizenli kullanmamis olmasi ve takip siiresi kisaligi
nedenli olabilir. Dustik titreli inhibitor gelismis bir diger
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hastamizda ise Sallah ve Wan'in (4) hipoteziyle uyumlu olarak
post-operatif donemde inhibitdr kisa siirede eradike oldu.

FVIII  inhibitéri  gelisen  yaklasik %30 hastada
spontan  rezollisyon gorilebilir  (6zellikle  postpartum
dénemde olusanlar). Spontan rezollisyon ortanca 21 ayda
gerceklestiginden, rezolisyonu hizlandirmak icin cogu
hastada imm{unosiipresif tedavi kullanilir. Prednizon tek basina
kullanilinca yanit orani yaklasik %30 olsa da niiksi 6nlemek
icin uzun stireliidame tedavisi verilmelidir (12,13). Prednizon ve
siklofosfamid kombinasyonu ise %30-70 oraninda etkin olup,
inhibitor eradikasyon siiresi 3-37 hafta arasinda degismektedir
(14,15). Ancak, hastalarin 1/3'U bu tedaviye yanitsiz ve
kronik steroid kullaniminin ciddi yan etkileri oldugundan,
rituximab tedavide alternatif seceneklerden biridir. Altmis
bes kazanilmis FVIII inhibitori olan hastanin degerlendirildigi
olgu-kontrol ¢alismasinda, rituximab ile tedavi yanit oraninin
%90'dan fazla oldugu gozlemlenmistir (16). Sperr ve ark.
(17) ise ayni hasta grubunda rituximab ile tedavi edilen 42
hasta ile, steroid ve siklofosfamid tedavisi alan 44 hastada
tedavi yanit oranlarinin benzer oldugunu go6zlemlemistir
(sirasiyla 9%78,6 vs %84,1). EACH2 calismasinda ise rituximab
diger imminosipresif tedaviler kombine edildiginde de yanit
oraninin steroid ve siklofosfamid tedavisinden istatiksel olarak
anlamli farki olmadigi tespit edilmistir (sirasiyla %64 vs %70)
(18). Yiiksek titreli inhibitorii olan hastalarda inhibitorii yok
etmek icin uygulanabilecek immun tolerans tedavilerinden
biri Bonn Malmg protokoldiir (immiinadsorbsiyon, prednizon,
siklofosfamid, IVIG, yiiksek doz faktor). Zeitler ve ark/nin (19)
yiksek titreli inhibitorii olan ve en az bir kez kanama (Hb<8
gr/dL) gecirmis 60 hastanin dahil edildigi calismalarinda,
Bonn Malmd protokolii ile %90 TY, %10 KY elde edilmistir.
Hastalar ortanca 62 ay (aralik, 12-126 ay) takip edilmis, takip
siiresi sonunda 55 hastada yeniden inhibitér olusmamistir.
FVIII titresi 3 hastada st solunum yolu enfeksiyonu sirasinda
%10-50 azalmis, ancak hastalarda kanama goriilmemistir.
Calismamizda, tanida FVIII diizeyi %0,8, FVIII inhibitor titresi
100 BU/mL, FIX inhibitor titresi 13,2 BU/mL hastamiza Bonn
Malmé protokolii uygulanmis, ancak Zeitler ve ark/nin (19)
sonuclarindan farkh olarak inhibitor titresi tamamen yok
olmamistir. Hastamizda prednizon ve siklofosfamid idame
tedavisi altinda (5. ayda) kanama gorilmis, bypass edici
tedaviler ve rituximab sonrasi 3 yil cok diistik titreli inhibitor ile
takip edilmistir. Bu sonug, literatlirde cogu ¢alismada belirtilen
rituximab etkinliginin steroid ve siklofosfamid kombinasyonu
ile benzer olmasi ile celismektedir. Bunun nedeni, hastamizda
literatlirde cok nadir bulunan vyiiksek titreli FVIII ve FIX
edinsel inhibitor ile distik titreli FXI, FXIl'ye karsi inhibitori
olmasindan kaynaklanabilir.

Calismamizda dstik titreli inhibitdr olan hastalarda aktif
kanama gozlemlenmedi. Literatlrde bu hasta grubunda faktor
replasmani yapilabilecedi bildirilmistir. Lupus antikoagiilan
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varligi on planda tromboz egilimisaglamakla birlikte, dolasimda
bulunan antikorlarin FXlIlI'ye de baglanarak FXII eksikligine
neden oldugu bilinmektedir (20). Bes no'lu hastamizda
disuk titreli faktor inhibitérid bulunmasina ragmen, lupus
antikoagiilan ve FXII eksikligi hastada 6n planda tromboz
gelisimini artirmistir. Bu nedenle hastaya immiinadsorbsiyon
ve metilprednizolon tedavisi uygulanmistir.

Calismanin Kisithliklan

Calismaya alinan hasta sayisinin az olmasi, hastalarin faktor
inhibitor olusum nedeni ve faktor titre diizeylerinin birbirinden
farkli olmasi ile retrospektif tasarimli olmasi calismanin
kisitlihgr olarak kabul edilebilir.

Bu calismada, kisitlihklar  nedeniyle  sonuclarin
yorumlanmasi glic olmakla birlikte, diger calismalardan elde
edilen o6nemli bazi bulgulari destekledigi gorilmektedir.
Calismamizda direncgli  faktor inhibitérii olan hastalarda
rituximab'in alternatif bir tedavi secenegi olabilecegini ve
hemostazi saglamada rFVlla ve aPCC kullaniminin etkinligini
gosterdik. Kanama ve koagiilasyon parametre uzamasi ile
gelen hastalarda faktor inhibitorii olabilecegi distintilmesi
bu nadir gorulen hastalik tanisini kolaylastirabilir. Daha
genis hasta poplilasyonunda uzun dénem takip sonuclarinin
degerlendirildigi calismalara ihtiyac vardir.
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Abstract

Objectives: Interleukin-33 (IL-33) is a pleiotropic cytokine from the IL-1 family. It is known to cause plasticity in the Th2 direction. The macrophages,
important cells of the innate immune system, express the IL-33 receptor ST2L and exhibit M2 macrophage polarity under the influence of IL-33.
Macrophages produce interferon gamma-stimulated protein 10 (IP-10), an interferon-y-induced chemokine, and neopterin which exhibits cellular
immunoreaction. The aim of this study was to investigate the effects of IL-33 on neopterin and IP-10 production in unstimulated and pre-
stimulated macrophages with different cytokines.

Materials and Methods: The J774.1 macrophage cell line was used. J774.1 macrophages were stimulated by IFN-y (40 U/mL) + LPS (10 ng/mL) after
pretreatment with IL-33 (100 ng/mL). Nitrit levels were measured by the Griess reaction. To examine the effect of IL.-33 on polarized macrophages,
J774.1 macrophages were stimulated with IL-4, IL-10 ve IL-13 cytokines to provide M1, M2a and M2c macrophage polarization. Neopterin and IP-10
measurements were carried out by ELISA method. Statistical analysis was performed with SPSS 18 software.

Results: IL-33 was found to significantly increase neopterin production in unstimulated and plasticity-affected J774.1 cells. There was no change
in IP-10 levels in all experiments. No correlation was found between neopterin and IP-10 levels.

Conclusion: Our present study is the first study on the effects of IL-33 cytokine on neopterin production. IL-33 causes a significant increase in
neopterin production in J774.1 cells.

Key Words: Interleukin-33, IP-10, Neopterin, Macrophage, ELISA

Amac: interleukin-33 (IL-33), IL-1 ailesinden pleiotropik bir sitokindir. Th2 yéniinde plastisiteye yol actigi bilinmektedir. Dogal bagisiklik sisteminin
6nemli hiicreleri olan makrofajlar, IL-33 reseptori ST2L'yi ifade eder ve IL-33 etkisi altinda M2 makrofaj polaritesi sergiler. Makrofajlar, interferon-y
ile indiiklenen bir kemokin olan interferon gama ile uyarilan protein 10 (IP-10) ve hiicresel immiinoreaksiyon g6steren neopterin tretir. Bu calismanin
amaci, uyarilmamis ve farkli sitokinlerle 6nceden uyarilmis makrofajlarda IL-33'lin neopterin ve IP-10 iretimi lizerindeki etkilerini arastirmaktir.

Gereg ve Yontem: J774.1 makrofaj hiicre dizisi kullanildi. J774.1 makrofajlari, IL-33 (100 ng/mL) ile 6n islemden sonra IFN-y (40 U/mL) + LPS (10
ng/mL) ile uyarildi. Nitrit seviyeleri Griess reaksiyonu ile 6l¢tldi. IL-33'lUn polarize makrofajlar tizerindeki etkisini incelemek icin J774.1 makrofajlari,
M1, M2a ve M2c makrofaj polarizasyonu saglamak lzere IL-4, IL-10 ve IL-13 sitokinleri ile uyarildi. Neopterin ve IP-10 dl¢timleri ELISA yontemi ile
yapild. istatistiksel analiz SPSS 18 yazilimi ile yapild.

Bulgular: IL-33'lin, uyariimamis ve plastisitesi etkilenmis J774.1 hiicrelerinde neopterin tretimini dnemli 6l¢lide artirdigi bulundu. Tlim deneylerde
IP-10 seviyelerinde degisiklik olmadi. Neopterin ve IP-10 seviyeleri arasinda bir korelasyon bulunmadi.

Sonug: Bu calismamiz, IL-33 sitokinin neopterin lretimi lizerindeki etkileri lizerine yapilan ilk calismadir. IL-33, J774.1 hiicrelerinde neopterin
tiretiminde 6nemli artisa neden olmaktadir.
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Introduction

Macrophages are the main effector cells of the innate
immune system that participate in the inflammatory response
against microbial pathogens. Tissue macrophages contribute
to tissue development, metabolism, homeostasis, and repair.
Tissue-resident macrophages are polarized by tissue cytokines,
chemokines, and hormonal stimuli. Macrophages are classified
into 2 subgroups termed classically activated macrophages (M1)
and alternatively activated macrophages (M2) (1). Macrophages
are also stimulated by interleukin-33 (IL-33). This interaction
is mediated by the macrophage-expressed I[L-33 ligand
suppression of tumorigenicity 2 (ST2). 1L-33/ST2 signaling is
involved in alternative activation of type 2 macrophage (M2)
polarization (2,3).

IL-33 was first identified in 2005 and classified as a new
member of the IL-1 family. While IL-1a and IL-18 from these
family members are immunomodulatory agents for Type |
immune response, 1L-33 leads to Th2 plasticity towards Type
Il response (4). IL-33 is quickly released upon tissue damage,
exposure to pathogens, stress, or in necrosis-induced death, and
subsequently mediates immune response as an alarmin cytokine.
IL-33 plays critical roles in maintaining host homeostasis and
in pathological conditions, such as allergy, infectious diseases,
and cancer, by acting on multiple types of immune cells and
promoting type 1 and 2 immune responses (3,5).

The C-X-C motif chemokine10, also known as interferon-y
inducible protein 10 (IP-10), isa chemokine that modulatesinnate
and adaptive immune responses by recruiting inflammatory cells
to the sites of inflammation. IP-10 is secreted by several cell
types, such as leukocytes, monocytes, neutrophils, eosinophils,
and epithelial cells, in response to IFN-y (6). IP-10 is exhibits
pleiotropic effects on a wide range of biological processes,
including immunity, angiogenesis, and tumor metastasis (7).

Neopterin is a guanosine triphosphate metabolite with a low
molecular weight, which is a member of the pteridine family. Itis
produced in human macrophages and dendritic cells (8,9). IFN-y
is the strongest stimulus of the GTP cyclohydrolase-l enzyme.
For this reason, neopterin concentrations are an important
indicator of IFN-y activity (10). Therefore, examination of
neopterin is important to detect cellular inflammatory response
and Type-1 inflammatory events.

In this study, we aimed to elucidate the effect of IL-33 on
neopterin and IP-10 production in the macrophage cell line
J774.1. The effects of IL-33 on macrophages on neopterin
production have not been investigated previously and this is the
first study in this area. Therefore, mrlL-33 (recombinant murine)
cytokine was added to cell cultures with or without stimulation
of IFN-y and LPS. Subsequently, neopterin, IP-10, and nitrite

production of macrophages were measured. In addition, it has
been investigated whether there is a relationship between these
productions.

Materials and Methods

Cell and Cell Culture

J774.1 macrophage cell line (The American Type Culture
Collection - ATCC) which was frozen in a liquid nitrogen tank
at approximately -196 °C, in RPMI containing 10% DMSO
(Gibco, USA), was used. Serial passage of J774.1 macrophage
cell line was performed in RPMI-1640 (Gibco, USA) medium
supplemented with 10% fetal bovine serum (FCS, Gibco, USA)
and penicillin/streptomycin (Pen Strep, Gibco, USA) at 37 °Cin a
humidified atmosphere of 5% CO,.

For stimulation experiments, mouse J774.1 macrophage cells
grown in a 37 °C, 5% CO2 incubator in cell culture flasks were
excised with cell scrapers for fresh use in experiments. Before
the experiments, the trypan blue deprivation test was performed
for cell viability and the cells were counted in a thoma counting
chamber. The 90% cell viability was considered sufficient for the
next stage of experiments. For the experiments, dilutions were
carried out to be 0.5x10° viable cells per 1 mL. The cells were
transferred to 24-well cell culture plates. A triplicate experiment
was performed in order to evaluate the reproducibility of the
data. mrlL-33 (100 ng/mL) (Ebioscience, USA), mrlL-4 (10 ng/
mL) (Ebioscience, USA), mrlL-13 (10 ng/mL) (Life Sciences, USA),
mrlL-10 (100 ng/mL) (Ebioscience, USA), mrIFN-y (40 U/mL)
(Ebioscience, USA), LPS (10 ng/mL) (Escherichia coli. Santa Cruz,
USA) were determined as working concentrations by preliminary
experiments.

Nitrite Measurement

Nitrite production was evaluated to check for stimulation
in J7741 macrophages. 100 pL of cell culture supernatant was
mixed with 100 pL of Griess reagent. At the end of the required
study incubations, the absorbance at 540 nm was measured in
a spectrophotometric microplate reader. The macrophage nitric
oxide response was determined by measuring the level of nitrite
accumulating in the culture supernatant with the Griess reagent
(Sigma-Aldrich, USA).

Neopterin ELISA

We used a commercial neopterin enzyme immunoassay
kit (Immuno Guide. Turkey) for quantitative analysis of the
neopterin levels in the supernatants. Briefly, Neopterin had
been pre-coated onto a microplate. Assay Buffer was added
to the 96-well plate at a rate of 100 plL/well. Standards and
samples were pipetted into the wells. It was covered with black
adhesive film. The plate was incubated for 90 minutes at room
temperature in the dark. Any Neopterin was bound by the
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immobilized antibody and then any unbound substances were
eliminated by washing three times. After washing, 100 pL of
TMB Substrate was added to each well and incubated for 15
minutes at room temperature in the dark. Stop solution (100
ul) was added and the color development was stopped. Finally,
the plate was evaluated spectrophotometrically using an ELISA
reader at 450 nm wavelength within 15 minutes (BioTek ELx800,
USA). The concentration in nmol/L was calculated from the
standard curve. Sensitivity was 1 nmol/L.

IP-10 ELISA

Ready-to-use commercial sandwich ELISA kit was used
for IP-10 (pg/mL) chemokine measurement (Mouse IP-10, YH
Biosearch, China). Briefly, 120 ulL of original standard + 120 pL
of serial dilution from 120 plL of a standard diluent tube were
prepared. Only the dilution solution was added to the blank
wells. 50 uL of standard and 50 plL of conjugate were added to
the standards. 40 uL of sample + 10 pL of IP-10 antibody + 50 pL
of the conjugate was added to the wells of the samples. It was
shaken slightly to mix and covered with adhesive film, the plate
was incubated for 1 hour in an incubator at 37 °C. The plate,
whose liquid content was emptied, was washed 5x with 350 pL
of hand-washing solution. After washing, 50 pL of chromogen A
+ 50 plL of chromogen B solution was added to each well. It was
incubated for 10 minutes in an incubator at 37 °C. The reaction
was stopped by adding 50 pL/well stop solution to the plate and
the color of the liquid in the wells turned from blue to yellow.
The plate was evaluated spectrophotometrically using an ELISA
reader (BioTek ELx800, USA) at 450 nm wavelength within 15
minutes. Sensitivity was 2.42 pg/mL.

Statistical Analysis

All groups were subjected to Levene's test of homogeneity
within themselves, and ANOVA and Student's t-tests were
performed among the groups as parametric tests if the data
were homogeneous. For comparison of parametric data, ANOVA
was used amongst multiple groups, and Student's t-tests
were used between two groups. SPSS 18 software was used in
evaluating the statistics of the data. The significance threshold
value was accepted as p<0.05.

Nitrite, neopterin, and IP-10 production of the J774.1 cell
line at different stimulation doses and times

In our results, IFN-y (4 U/mL) + LPS (10 ng/mL) and IFN-y
(40 U/mL) + LPS (10 ng/mL) stimulations increased the level of
neopterin after 18 hours. A significant increase was established
when the other groups were compared (15 min, 30 min, 60
min, 4 h) (p<0.001) (Figure 1a). It also caused an increase in
neopterin production in 4 hour-treatment compared to 15
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minute-treatment (p<0.05) (Figure 1a). There was no significant
difference between IP-10 concentrations (Figure 1b). No
significant correlation was observed between IP-10 production
and neopterin levels (r2=0.032). In the high dose (1 pg/mL) LPS-
treated groups, nitrite production increased during 18 hours of
incubation (p<0.05). A significant increase in nitrite levels were
observed in the IFN-y (4 U/mL) + LPS (10 ng/mL) and IFN-y (40
U/mL) + LPS (10 ng/mL) treatments during overnight incubation
compared with the other times (p<0.001) (Figure 1c).

Evaluation of nitrite production stimulated by IFN-y (40
U/mL) + LPS (10 ng/mL) and IL-33 (100 ng/mL) in J774.1
macrophages

When IL-33 was administered 18 hours before IFN-y (40
U/mL) + LPS (10 ng/mL) stimulation, nitrite production was
significantly inhibited compared to at the same time and after
4 hours (0 and +4) administration (p<0.001). When IL-33 was
administered -1 and -4 hours before IFN-y (40 U/mL) + LPS
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Figure 1: Neopterin, IP-10, and nitrite production in J774.1 macrophages
at different stimulation doses and incubation times

a) Time-dependent neopterin concentration (*: p<0.05 compared with
15 min. time group, **: p<0.001 compared with the all-time groups)
b) Time-dependent IP-10 concentration. ¢) Time dependent nitrit
concentration (*: p<0.05 compared with control, **: p<0.001 compared
with control)
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(10 ng/mL) stimulation, nitrite production was significantly
inhibited compared to 0 and +4 hour administrations (p<0.05).
IL-33 pretreatment has been shown to inhibit nitrite production
in J774.1 macrophages. It was observed that only IL-33 cytokine
administration did not affect nitrite levels (Figure 2).

Neopterin production stimulated with IFN-y (40 U/mL) +
LPS (10 ng/mL), LPS (1 pg/mL), and IL-33 (100 ng/mL) after
pretreatment IL-33 (100 ng/mL) in J774.1 macrophages

When IL-33 was administered 18 hours ago, it caused a
significant increase in neopterin production in all groups IFN-y
(40 U/mL) + LPS (10 ng/mL), IL-33, LPS (1 pg/mL) (p<0.001)
(Figure 3a). When IL-33 was administered 18 hours ago, there
was no significant difference in IP-10 concentrations amongst
groups in a time-dependent manner (Figure 3b). The stimulation
didn't change the IP-10 level in the cells.

Neopterin production in IFN-y (40 U/mL) + LPS (10 ng/
mL)-stimulated J774.1 macrophages after IL-33 (100 ng/mL)
pre-treatments

When IL-33 was treated 18 hours before IFN-y (40 U/mL)
+ LPS (10 ng/mL) stimulation, it caused a significant increase
in neopterin production (p<0.001) (Figure 4). This effect was
observed many times in our experiments in |L-33 treatments.
Therefore, we observed the neopterin-enhancing effect of 1L-33
cytokine in culture for 36 hours and longer.

The effects of IL-33 on nitrite, neopterin, and IP-10 levels
in the J774.1 macrophages

IL-33 treatment alone did not affect nitrite production after
2 overnight incubations (p>0.05) (Figure 5a). IL-33 cytokine
showed a neopterin-increasing effect in culture treatments of
36 hours or more. It was observed that neopterin concentrations
increased significantly after two overnight (42 hour) incubations
(p<0.001) (Figure 5b). IP-10 production was not affected by
long-term IL-33 stimulation (p>0.05) (Figure 5c).

¥

50

45 -
T 40
<o
-02 35 4
= 300 WIFN-y (40 U/mL}/LPS (10
g 25 4 ng/mL}
c
w 20 A WIL-33(100 ng/mL})
=
g 15 1
z 10 4

5

0

-18 -4 =3 0 4 Control
TIME (hour)

Figure 2: Nitrite production in J774.1 macrophages stimulated with
IFN-y (40 U/mL) + LPS (10 ng/ml) after preliminary administration of
IL-33 (100 ng/mL) (*: p<0.05 compared with -4 and -1, time group, **:
p<0.001 compared with -18 time group). Control: Untreated (-18= 18
hours before stimulation) (-4= 4 hours before stimulation) (-1= 1 hour
before stimulation) (0= stimulation time) (+4= 4 hours after stimulation)

The effects of IL-4, IL-13, IL-4 + IL-13 and IL-10 on
neopterin and IP-10 levels in the J774.1 macrophages

J7741 macrophages were primarily stimulated with
appropriate cytokines such as IL-4, IL-10, and IL-13 so that they
could be polarized towards M1, M2a, and M2c. Compared with
control groups with no stimulation at 0 and 48 hours, neopterin
levels were not affected by IL-4 (p>0.05). Astatistically significant
difference was found between 4-hour stimulation and 48-hour
stimulation in neopterin production of IL-4 cytokine (p<0.001).
This suggested that inhibition of the IL-4 cytokine on neopterin
production might be temporary (Figure 6a). It was observed that
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Figure 3: a) Neopterin production in J774.1 macrophages stimulated
with IFN-y (40 U/mL) + LPS (10 ng/mL) and LPS (1 pg/mL) after
preliminary administration of I1L-33 (100 ng/mL) (**: p<0.001 compared
with control). Control: Untreated. b) IP-10 production in J774.1
macrophages stimulated with I[FN-y (40 U/mL) + LPS (10 ng/mL) and LPS
(1 pg/mL) after preliminary administration of IL-33 (100 ng/mL) Control:
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Figure 4: Neopterin production in J774.1 macrophages stimulated with
IFN-y (40 U/mL) + LPS (10 ng/mL) after preliminary administration of
IL-33 (100 ng/mL). A statistically significant increase was found in the
18-hour incubation treatment when compared to the other stimulated
groups (**: p<0.001 compared with control.) Control: Untreated
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IL-10, IL-13, and IL-4 + IL-13 cytokine administrations did not
affect dependent to time the neopterin levels (p>0.05). It was
observed that IL-4, IL-13, IL-4 + IL-13, and IL-10 did not affect
dependent to time the IP-10 levels (p>0.05).

The effects of IL-33 on neopterin and IP-10 levels in the
IL-10 and IL-4 + IL-13 pre-stimulated J774.1 macrophages

When J774.1 macrophages had been pre-stimulated by IL-
10 and IL-4 + IL-13 for 12 hours, they significantly increased
neopterin levels compared to the control after 24 hours of
stimulation with IL-33 (p<0.01). We observed that after 48 h
neopterin was more elevated similar to our first observed results
(p<0.001) (Figure 6b). IP-10 levels were not affected compared
to the control (p>0.05).
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Figure 6: Neopterin production in J774.1 macrophages stimulated with
IL-4, IL-10, and IL-4 + IL-13. a) Neopterin concentrations in J774.1
macrophages stimulated with IL-4 (10 ng/mL) (**: p<0.001 compared
with 4 hours). b) Neopterin concentrations in J774.1 macrophages
stimulated with 1L-33 (100 ng/mL) after preliminary administration of
IL-4 (10 ng/mL) + IL-13 (10 ng/mL) and IL-10 (100 ng/mL). (*: p<0.01
compared with control) (**: p<0.001 compared with control)

In this study, the effect of IL-33 on neopterin and IP-
10 production was investigated in macrophage cell line
J774.1. Although there were many studies showing neopterin
production in human macrophages, neopterin production
in mouse macrophages was a controversial issue. Neopterin
production was shown in the THP-1 human monocyte cell line
stimulated with IFN-y and LPS, and NO production was shown
in the RAW 264.7 and J774.1 mouse macrophage cell lines
(10,11). It has been reported that neopterin was produced in
mouse macrophages. Production of NO and biopterin has also
been demonstrated in the RAW 264.7 mouse macrophage cell
line (12). In our study, it was detected that J774.1 macrophages
produced neopterin. In addition, it was established that the
production of neopterin increased after 18 hour-stimulation
with IFN-y + LPS of J774.1 macrophages.

IFN-y was also known to stimulate the production of IP-
10, another inflammatory marker (7,13). In a study by Tighe
et al. (14), IFN-y was found to stimulate IP-10 production
in macrophages. It was also shown that treatment of LPS to
peritoneal macrophages stimulated IP-10 in vivo as well as in
vitro. Viral dsRNA analog poly I:C had been shown to increase
[P-10 production in THP-1 cells and RAW264.7 macrophages
(15). In our study, we showed that the J774.1 macrophage cell
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line produced IP-10, but we found no significant difference
in IP-10 concentrations amongst the groups of the time-
dependent treatments. The difference might be due to the
longer incubations were not used in this study.

Macrophages have been reported to constitutively express
ST2, supporting the idea that IL-33 could stimulate and polarize
macrophages towards M2, dependent on IL-13 or IL-4. When
responding to LPS, I[L-33-primed macrophages expressed
increased levels of MD2 and TLR-4, thereby elevating its pro-
inflammatory effect (16). Macrophages pre-stimulated with
IL-33 have been reported to act in the Th1 direction (17).
Classical information was that IL-33 was a cytokine that had
effects on Th2 immunity. In recent studies, IL-33 had emerged
as a cytokine with too many pleiotropic properties. It had been
reported that IL-33 did not only increase Th2 immunity but
also induced Th1 immunity, depending on the immune cells
targeted by IL-33 (3,18). In our study IL-33 cytokine increased
neopterin production in cells to which it was administered 18
hours ago. In addition, we found that IL-33 influenced the Type
[ immune response and that this effect was time-dependent. In
our experimental results, it was revealed that IL-33 influenced
the macrophages in favor of Type | immunoreactivity and
stimulated IFN-y induced neopterin production.

It had been shown in experimental autoimmune encephalitis
that cells in IL-33-treated mice produced less IFN-y and IL-
17, but more IL-5 and IL-13, than cells in control mice. In
the same study, cytokines such as IL-10, TNF-a, IL-6, and IL-4
and chemokines such as IP-10, MCP-1, MIG, and VEGF were
detected at low levels and no significant difference was found
between the two groups (19). The response to treatment with
different concentrations of IL-33 in serum and Fibroblast-like
synoviocytes of patients with RA was evaluated in vitro. In the
synovium of patients with RA, a decrease in IL-6, IL-8, IL-1B,
MIG, and IP-10 cytokines and chemokines was observed as the
dose of IL-33 increased, but not in the serum (20). Although IL-
33 had effects altering according to the cytokine environment it
is also a cytokine with effects in Th2 direction in macrophages.
These results suggested that IL-33 did not affect IP-10
production among Th1 chemokines in naive macrophages. [P-10
values were not affected depending on treatments with IL-33
made at different times. In humans, IL-33 might potentially act
as a critical requlator of innate immune responses. However,
IL-33 might not have the same effects in mouse macrophages.

Pre-polarized M1 cells have been reported to exhibit
the M2 phenotype after exposure to IL-13. Similarly, cells
previously in the M2 phenotype were reported to exhibit the
M1 phenotype after LPS + IFN-y treatment (21). Another study
found that IL-33 strongly increased mannose receptor (MR)
expression, but not TLR2, in the presence of IL-13. It has been
shown that IL-33 and IL-4 have a similar synergistic effect on

MR expression (22). The plasticity of macrophages indicated
that different phenotypes could synthesize products different
from their phenotypic characteristics (23). The findings showed
that macrophages polarized in the M2a direction were forced
from the M2a direction towards the M1 direction when they
encounter I1L-33. Our study also showed that the synthesis of
neopterin produced by M1 macrophages was also stimulated by
a cytokine in the M2 phenotype.

Study Limitations

The main limitation of our study, in which we evaluated
the effects of IL-33 on neopterin and IP-10 production in
macrophages, was that it was performed only in the J7741
macrophage cell line. It would be appropriate to perform the
same experiments on RAW 264 and THP-1 macrophages.

Our study demonstrated that IL-33 potentiated alternative-
activated macrophage development during innate and adaptive
immune responses and could achieve classically activated
macrophage activation in different immune conditions. IL-33
caused a significant increase in neopterin production in J774.1
cells. No correlation was observed between neopterin levels
and IP-10 inflammatory markers induced by IFN-y in J774.1
macrophages. Future in vivo studies are needed to elucidate the
immunological significance of the effects of IL-33 on neopterin
and IP-10 production in macrophages.
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Duodenogastric Gadoxetic Acid Reflux on Routine Liver Magnetic

Resonance Imaging and Upper Endoscopy Findings

Rutin Karaciger MR Goriintiilemede Duodenogastrik Gadoksetik Asit Reflisti ve Ust
Gastrointestinal Sistem Endoskopisi Bulgulari
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Abstract

Objectives: Bile reflux gastritis is an underdiagnosed but common type of chemical gastritis (CG) caused by bile induced irritation of gastric mucosa.
Diagnosis is based on endoscopic and histologic findings. However, if bile reflux is not observed, diagnosis of bile gastritis might be challenging. We
aimed to evaluate duodenogastric gadoxetic acid (GA) reflux in routine liver magnetic resonance imaging (MRI) and to compare this finding with
bile reflux and gastritis findings in upper endoscopy.

Materials and Methods: A total of consecutive 45 patients who underwent GA-enhanced liver MRI with at least one delayed phase image (>40
minutes delay) and upper endoscopy were retrospectively included. Images were reviewed by two radiologists regarding the presence and extent of
gastric GA. Endoscopic and histologic results were noted.

Results: Duodenogastric GA reflux was detected in 8 patients (17.8%). In 2 of them endoscopy revealed bile reflux. In one of these two patients
gastritis was also noted,whereas gastric mucosa was considered as normal in the other patient. In 6 out of 8 patients with contrast reflux gastric
bile stain was not reported. In each of these 6 patients erosive/erythematous gastritis was detected. Histopathology confirmed CG in 4 out of them.

Conclusion: It might be challenging to differentiate bile induced gastritits from other types of CG, in particular, if gastric bile stain is not observed
during upper endoscopy. Thus, radiologists should be aware of duodenogastric GA reflux on delayed phase MRI and report this finding. We suggest,
that diagnostic performance of MRI regarding bile reflux and bile gastritis should be investigated with a multidisciplinary prospective study design.

Key Words: Magnetic Resonance Imaging, Gadoxetic Acid, Bile Reflux, Bile Gastritis

Amag: Safra gastriti, yaygin bir kimyasal gastrit (KG) tiirii olup gastrik mukozanin safra kaynakli hasari ile ortaya ¢ikmaktadir. Tani endoskopik ve
histolojik bulgulara dayanmakla birlikte safra refliisiiniin saptanmadi§i durumlarda safra gastritini belirlemek zor olabilmektedir. Caismamizda, rutin
karaciger manyetik rezonans (MR) goriintiilemede duodenogastrik gadoksetik asit (GA) refliisiinii degerlendirmeyi ve bu bulguyu iist endoskopide
saptanan safra refllsii ve gastrit bulgulari ile karsilastirmayi amacladik.

Gerec ve Yontem: Temmuz 2011-Mayis 2021 tarihleri arasinda GA ile gerceklestirilen toplam 1543 rutin dinamik karaciger MR inceleme retrospektif
olarak tarandi. Safra kanallarinda kontrast maddenin izlendigi, en az bir geg faz (240 dakika) MR goriintiisii bulunan ve MR cekimi ile tst GiS
endoskopi arasinda 1 yildan az siire olan 45 hasta calismaya dahil edildi. MR gériintiileri, kontrast madde refliisii varligi ve uzanimi acisindan iki
radyolog tarafindan konsensus ile degerlendirildi. Hastalarin endoskopik ve histopatolojik bulgulari hastane kayit sisteminden not edildi.

Bulgular: Kirk bes hastanin 8'inde (%17,8) duodenogastrik GA reflii saptandi. Duodenogastrik GA reflii saptanan 8 hastanin 2'sinde endoskopide
safra refliisi mevcuttu. Endoskopik olarak da safra refliisii kanitlanan 2 hastanin birinde gastrit mevcutken, diger hastada mide mukozasi normal
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olarak degerlendirilmisti. Kontrast refliisii olan 8 hastanin 6'sinda endoskopik olarak midede safra rapor edilmemisti. Bu hastalarin hepsinde (N=6)
eroziv/eritemli gastrit ve 4'linde histopatolojik olarak kanitlanmis KG mevcuttu.

Sonuc: Endoskopi sirasinda midede safra gézlenmedigi durumlarda safra kaynakli gastritleri, diger KG tiplerinden ayirt etmek giictiir. Duodenogastrik
GA refliiniin safra gastritinin gdstergesi olabilecegi radyologlar tarafindan az bilinen bir durumdur. Klinik olarak da diger KG tiplerinden ayirt edilmesi
zor olabilen bu durumun, gec faz MRG'de saptanabilecegine dair farkindaliginin artmasi gerekmektedir. On calisma olan bulgularimizin, MRG'nin
safra refllisii ve gastritinde tanisal performansinin ve klinik katkisinin degerlendirilece@i, multidisipliner prospektif calismalar ile desteklenecegine

inanmaktayiz.

Anahtar Kelimeler: Manyetik Rezonans Goriintiileme, Gadoksetik Asit, Safra Refliisi, Safra Gastriti

Introduction

Bile reflux is the duodenogastric backflow of alkaline
duodenal and pancreatic secretions, acids, and bile salts (1).
A small amount of bile reflux into the stomach is considered
physiologic and might occur post-prandial or in the early
morning, whereas pathologic bile reflux tends to be more
excessive and more prolonged. Pathologic reflux can develop
either due to an underlying pyloric sphincter dysfunction,
impaired gastroduodenal motility (primary reflux), or after
gallbladder removal and gastric surgery (secondary reflux) (2-5).

Diagnosis of bile reflux is made by upper gastrointestinal
endoscopy, other intubation methods such as gastric pH
monitoring through the nasogastric tube or measurement of
bile acids in gastric aspirates and hepatobiliary scintigraphy
(6,7). Depending on the amount, concentration, and duration
of pathologic bile reflux, this condition may cause chemical
irritation of the gastric mucosa leading to chemical gastropathy/
gastritis and increasing the risk of gastric malignancy (8,9).

The presence of gastric bile stain accompanied by gastritis
findings, including mucosal erythema, erosions, or ulcers,
support the diagnosis of bile-induced chemical gastritis
via upper endoscopy (9,10). However, this diagnosis should
be confirmed by histopathologic findings such as foveolar
hyperplasia, reactive glandular changes, edema, chronic
inflammation, intestinal metaplasia, and gastric polyps (11,12).
In this context, it has to be noted that histopathologic findings
are not specific to bile-induced chemical gastritis but can also
be seen in other types of chemical gastritis (10,11). Therefore,
endoscopic or radiologic proof of gastric bile stain is essential
for a more specific diagnosis.

Gadoxetic acid is a hepatocyte-specific contrast agent
routinely used in hepatobiliary magnetic resonance imaging
(MRI). Since it is taken up by hepatocytes and is biliary excreted,
it provides both functional and morphologic information. In
addition, due to its biliary excretion, it is expected to be seen
in the biliary tree and duodenal lumen 15-20 minutes after
intravenous injection (13).
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In this study, we aimed to emphasize that duodenal
contrast reflux into the stomach might occur during routine
gadoxetic-acid enhanced hepatic MRI and to compare the
presence of contrast reflux with upper endoscopy findings.

Materials and Methods

This retrospective observational study was conducted
according to the Declaration of Helsinki principles and
was approved by Ankara University Human Research Ethics
Committee (approval no: 110-644-21, date: 02.12.2021).

Study Population

Overall, 1543 consecutive gadoxetic acid-enhanced dynamic
liver MRI examinations of adult patients obtained between July
2011 and May 2021 were retrospectively reviewed.

Considering the total MR examinations (n=1543), the
prevalance of duodenogastric gadoxetic acid reflux was 2.9%
(n=44). The inclusion criterion was the presence of at least one
delayed phase image (>40 minutes delay). This was met in 196
out of the total 1543 examinations.

Of the 196 studies, 151 were excluded due to the following
reasons: (a) gadoxetic acid not present in the biliary system or
duodenum in at least one delayed phase image (n=4); (b) upper
Gl endoscopy not performed (n=116); the time interval between
MRI and upper Gl endoscopy was more than one year (n=31).
Thus, 45 patients with each MRI study were included in this
study (Figure 1).

MRI Protocol

MRI was performed by using a 1.5-T system (Aera, Siemens,
Erlangen, Germany; Optima 450w, GE Healthcare, Milwaukee,
WI) and a 3-T system (MAGNETOM® Verio, Siemens, Erlangen,
Germany; Signa PET MR, GE Healthcare, Milwaukee, WI) device
with a phased array torso coil. The sequences consisted of
coronal T2w single-shot fast spin echo, axial T2w fat-suppressed
FSE, axial diffusion-weighted images (b=50, 400, 800), axial T1w
dual-echo gradient echo (GRE) and post-contrast fat-suppressed
3D GRE T1w sequences.
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Post-contrast T1w images were obtained after intravenous
injection (1 mL/sec) of 0.025 mmol/kg gadoxetic acid disodium
(Gd-EOB-DTPA, Primovist) followed by a saline chaser (10 mL)
using an automatic injector.

MRI Analysis

Pre- and post-contrast axial and coronal T1w images
retrieved from a picture archiving and communication system
(RIS/PACS; Centricity 5.0 RIS-i, GE Healthcare, Milwaukee, WI,
USA) were retrospectively evaluated by two radiologists (M.K.,
D.K.0.) in consensus regarding the presence and extent (gastric
antrum, corpus, fundus) of duodenogastric gadoxetic acid
reflux.

Institutional electronic medical records were used to
screen endoscopy results for gastric bile staining and gastritis
findings. Diagnosis of bile gastritis was based on the presence
of erythematous and/or exsudative gastric mucosa with gastric
bile stain detected on upper endoscopy.

Statistical Analysis

Descriptive statistical analyses were performed using SPSS
for Windows 11.5 (SPSS Inc., Chicago, IL, USA). Continuous
variables with normal distribution were presented as mean (+
standard deviation); non-normal variables were expressed as
a median (minimum-maximum), and the categorical variables
were summarized as counts (n) and percentages (%).

eligibility (n=1543)

Gadoxetic acid enhanced dynamic liver MRI studies assessed for

e  Prevalance of duodenogastric gadoxetic acid reflux in
hepatobiliary or delayed phase MR studies: n=44

Inclusion criterion:

present

e  Atleast one delayed phase image (>40 min)

196 studies meeting inclusion criterion

Excluded (n=151)

. Gadoxetic acid not present in the biliary
system or duodenum in at least one
delayed phase image

(n=4)

o Upper GI endoscopy not performed
(n=116) or time interval between MRI
and upper GI endoscopy more than 1
year (n=31)

45 patients included in this study

Figure 1: Flowchart
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Study Population

The study population consisted of 24 female (53.3%) and 21
male patients (46.6%) with a median age of 58 years (age range,
27-79 years).

While eight patients (17.7%) had a prior cholecystectomy,
none of the patients had undergone gastric surgery.

Screening for early stage hepatocellular cancer in chronic
hepatic parenchymal disease was the major indication for
gadoxetic acid enhanced MRI (n=37, 82.2%), followed
by evaluation of focal hepatic lesions (n=5, 11.1%) and
cholangiocellular cancer (n=3, 6.6%).

MRI Findings

In 8 out of 45 patients (17.8%) gastric gadoxetic acid reflux
was detected in delayed phase images with contrast medium

extending into the gastric antrum (n=5), corpus (n=2) and
fundus (n=1) (Figures 2-4). In 2 of these eight patients, reflux
was also present in the hepatobiliary phase extending into the
antrum and corpus, respectively (Table 1).

Imaging findings consistent with chronic liver disease
were observed in each patient with and in 29 (%78.4) patients
without duodenogastric contrast reflux.

Association of MRI Findings with Upper Endoscopy Results

In 2 out of 8 patients with duodenogastric gadoxetic
acid reflux, gastric bile stain was also detected during upper
endoscopy. While in 1 of them, endoscopic gastritis findings
were present, in the other patient, endoscopy revealed normal
mucosa. Gastritis findings were noted in each of the six patients
without reported gastric bile staining. Biopsy revealed chemical
gastritis in 4 of these 6 patients (Table 2).

Bile reflux was neither detected in the remaining 37 (82.2%)
patients without contrast reflux. In 35 patients, gastritis

Figure 2: Axial gadoxetic-acid enhanced T1-weighted MR images of a 58-years-old male patient. Duodenogastric reflux (arrows) into the gastric
antrum in the hepatobiliary phase (A) and into the gastric corpus (in the delayed phase (70 min after injection) (B). Upper endoscopy revealed erosive

gastritis but no bile reflux. Biopsy proved chemical gastritis

Figure 3: Axial (A) and coronal (B) gadoxetic-acid enhanced T1-weighted MR images of a 24-years-old female patient. Duodenogastric reflux into
the gastric fundus in the delayed phase (75 min after injection). Upper endoscopy revealed erythematous gastritis but no bile reflux. Biopsy proved

chemical gastritis
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Figure 4: Axial gadoxetic-acid enhanced T1-weighted MR images of a 66-years-old female patient. Duodenogastric reflux into the gastric antrum in
the hepatobiliary phase (A) and into the gastric corpus in the delayed phase (60 min after injection) (B). Upper endoscopy revealed bile reflux but no
gastritis. Biopsy was not performed

Table 1: Delay times of contrast reflux on MRI after gadoxetic acid injection

Patient

©® N OO o~ W N =

Presence of contrast reflux
Hepatobiliary phase (min)

20

20

MRI: Magnetic resonance imaging

Table 2: Endoscopic and histologic findings in patients with contrast reflux on MRI

Patient

1

7

8

Endoscopic findings

Erythematous gastritis
Acute hemorrhagic gastritis

Erosive antral gastritis
Atrophic gastritis of the gastric fundus and corpus

Gastric bile stain
No gastritis

Pangastritis with antral erosions
Erosive pangastritis

Extensive gastric bile stain
Erosive pangastritis

Mucosal hyperaemia of the gastric corpus and antrum

Erythematous pangastritis
Antral polyp

MRI: Magnetic resonance imaging

Delayed phase (min)
7%

50

60

60

70

120

75

60

Histologic results

Chemical gastritis
Chronic gastritis

Normal antral mucosa

Chemical gastritis

Chemical gastritis

Chemical gastritis
Antral hyperplastic polyp
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findings (with concomitant portal gastropathy in 7 patients)
were reported. In 22 of these 35 patients, biopsy results could
be obtained and yielded chemical gastritis in 15 cases.

In 1 of the 8 patients with cholecystectomy, reflux was
detected both in upper endoscopy and MRI. In another patient
with cholecystectomy duodenogastric contrast reflux was
present while gastric bile staining was not reported.

Due to its alkaline ingredients, bile reflux might cause
chemical gastritis, gastric ulcers, intestinal metaplasia, and
gastric malignancy (6,7). Chemical gastritis results from the
mucosal irritation of the gastric mucosa and may also be
induced by exogenous substances such as non-steroidal anti-
inflammatory drugs (NSAID) and chemotherapeutic agents
(14,15).

Bile gastritisisgenerally diagnosed based on mucosal erosions,
erythema, swelling, and gastric bile stain on upper endoscopy.
These findings should be supported by a histopathologically
proven chemical gastritis pattern (10). However, if gastric bile
stain is not observed during endoscopy, it is not possible to
distinguish bile gastritis from other forms of chemical gastritis
histopathologically.

Previous studies indicated that the severity of chemical
gastritis depends on the amount of bile reflux and that chronic
inflammation is more severe in bile-induced gastritis than in
other forms of gastritis (6,16,17). Additionally, bile gastritis has
been identified as an independent risk factor for developing
precancerous gastric lesions and gastric malignancy (18).

Medical treatment of bile gastritis is similar to that of the
other chemical gastritis types with an additional option of
prokinetic drugs and ursodeoxycholic acid administration, which
might reduce the clinical symptoms due to bile reflux (19,20).
Furthermore, Roux-en-Y diversion is often the only succeeding
treatment in patients with bile reflux after gastric surgery (21).
Thus, due to the higher risk of malignancy and therapeutical
distinctions, the diagnosis of bile reflux as the underlying cause
of chemical gastritis might be of clinical relevance.

Although histopathologically confirmed chemical gastritis
was common in our study population, gastric bile reflux was
reported in only one patient after endoscopy. This might be
either since, despite the presence of bile reflux, it was considered
as not clinically significant and thus was not mentioned in
the endoscopy report, or was not observed during endoscopy
owing to the intermittent nature of bile reflux, or else chemical
gastritis was caused by exogenous substances but not by bile.

While upper endoscopy is routinely used to diagnose
bile gastritis, a recent study revealed a lower accuracy and
predictive value regarding the diagnosis of bile reflux compared
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to gastric pH monitoring and hepatobiliary scintigraphy (11).
Previously, it was also concluded that accurate diagnosis of
duodenogastric bile reflux is not possible with upper endoscopy
and histopathology but should include the latter techniques,
particularly if surgical treatment is planned (11). However, these
techniques are either invasive or release radiation and, thus, are
often performed with a more specific preliminary diagnosis.

To the best of our knowledge, there is only one study assessing
the diagnostic utility of MRI in duodenogastric gadoxetic acid
reflux (22). This study showed that duodenogastric contrast was
an indication for bile reflux, and thus, gadoxetic acid-enhanced
MRI might play a potential role in the diagnosis of bile reflux.
The authors also stated that in several patients, MRI revealed
contrast reflux in the stomach in delayed images, whereas no
bile reflux was observed during endoscopy (22). In our study, out
of the 8 patients with gastric contrast reflux in delayed phase
MR images, gastric bile stain was noted in only 2 patients. Thus,
in 75% of patients with contrast reflux into the stomach on
MRI, endoscopy revealed no bile reflux or was not mentioned.
In the study by Hyun et al. (22), this was the case in 53.8% of
patients with positive MRI findings. This might be due to the
fact, that on MR studies with delayed phase imaging, the overall
examination period revealing functional information is longer
than is the case with upper endoscopic studies that would rather
provide a "snapshot” at the time of the study (22). With regard
to the diagnosis of duodenogastric reflux, this might be listed as
an additional advantage of gadoxetic acid enhanced MRI, which
provides more detailed anatomic information, is a non-invasive
technique, and does not use ionizing radiation. The higher rate of
discrepancies between MRl and upper endoscopy findings in our
study compared to the results of Hyun et al. (22) might be due
to the possibility, that despite gastric bile being noticed during
upper endoscopy, it was probably assumed to be physiologic and
thus was not reported owing to the retrospective study design.

Hyun et al. (22) stated that duodenogastric contrast reflux
corresponded to bile reflux, however, in 2/3 of cases, it was not
associated with bile gastritis findings on endoscopy. In our study,
in only 1 of 8 patients with duodenogastric contrast reflux,
gastritis findings accompanied by gastric bile staining were
present. However, it is noticeable, that in 50% of the patients
with duodenogastric reflux chemical gastritis was present.

We suppose that even though bile gastritis was not
diagnosed via upper endoscopy, bile might be the underlying
cause of diagnosed chemical gastritis in at least some patients
with duodenogastric contrast reflux. However, since bile
reflux and, thus, contrast reflux into the stomach can occur
physiologically, other causes of chemical gastritis could not
be excluded at this point, in particular, since agents such as
NSAID are widely used in the population. In addition, there
was also a high prevalance of chemical gastritis among the
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reflux, negative patients. Moreover, it was beyond the scope
of this study to assess the diagnostic performance of MRI in
bile gastritis but rather to raise awareness of duodenogastric
contrast reflux which previously has been shown to be
indicative of bile reflux (22).

Previous studies revealed a prevalence of 10% for bile
reflux during upper endoscopy with much higher ratios of
up to 80-90% after cholecystectomy (6,23). This could be
both associated with increased bile flow to the duodenum
owing to the lack of bile reservoir after cholecystectomy
and the impairment of gastroduodenal motility (23,24).
While none of our patients had undergone gastric surgery, 8
patients had cholecystectomy. In 1 of the 8 patients (12.5%)
with cholecystectomy, bile reflux was detected during upper
endoscopy, and in 2 patients (25%) duodenogastric contrast
reflux was observed on MRI.

In our study, each patient with duodenogastric contrast
reflux had chronic liver disease. Chronic liver disease is
known to cause gastric paresis, and thus, duodenogastric
contrast reflux might also be due to duodenogastric motility
impairment (25). However, we could not presume any reliable
potential association, since chronic liver disease was the most
frequent diagnosis also in patients without contrast reflux.

Study Limitations

Ourstudyhasseverallimitations. First, thiswasaretrospective
study. Thus, the endoscopic procedure was not standardized,
and with respect to MRI, time delay after contrast injection
in delayed phase imaging varied between patients. However,
we included only MRI studies with a minimum delay of 40
minutes for delayed phase imaging, considering that gadoxetic
acid is expected to extend to the distal common hepatic duct
during the hepatobiliary phase with a progressive filling of
the duodenum in delayed phases (>30 min). Consistently, we
observed that duodenogastric contrast reflux occurred more
frequently in delayed phase images without being apparent
in the hepatobiliary phase. Second, the sample size was small.
Third, we could not obtain sufficient information regarding
the clinical symptoms and current or previous medication of
the patients which might have induced chemical gastritis.
Forth, since hepatobiliary scintigraphy or other diagnostic
methods for bile reflux were not performed in our patients,
diagnosis of bile reflux was limited to upper endoscopy
results. Thus, we could not assess the diagnostic utility of
MRI in bile reflux nor the patient-specific clinical relevance
of contrast reflux. However, we could prove the existence
of this finding, which, if it is being reported, might prompt
a more detailed investigation for bile reflux and gastritis.

[t might be challenging to differentiate bile-induced
gastritis from other types of chemical gastritis, particularly if
gastric bile stain is not observed during upper endoscopy. Thus,
radiologists should be aware of duodenogastric gadoxetic acid
reflux on delayed phase MRI and report this finding to support
the gastroenterologist in the search for the underlying cause of
gastritis. We suggest that the diagnostic performance of MRI
regarding bile reflux and bile gastritis should be investigated
with a multidisciplinary prospective study design.
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Left Subdiaphragmatic Echogenic Focus in the Fetus and Its Effect
on Prognosis
Fetliste Sol Subdiyafragmatik Ekojen Odak ve Prognoza Etkisi

® Gokge Annag
Medical Park Gebze Hospital, Clinic of Radiology, Kocaeli, Turkey

Abstract

Objectives: The aim of this study was to determine the effect of fetal left subdiaphragmatic echogenic foci (LSEF) on prognosis and to research its
clinical significance.

Materials and Methods: In this retrospective study, obstetric ultrasound was performed for 20142 pregnant women, at 16-40 gestational weeks.
The fetuses who were diagnosed with LSEF incidentally were included in the study. The number and size of echogenic foci, associated anomalies and
serological test results were recorded. The fetuses with LSEF were followed by ultrasound every 4 weeks until delivery, and postnatal ultrasound on
the second month of life was performed for the cases who didn't exhibite resolution.

Results: During the study period, 285 fetuses were found to have 315 LSEFs with a prevalence of 1.4%. Twelve (4.2%) of the fetuses had minor
anomalies (7 intracardiac echogenic foci, 4 minimal pyelectasis, 1 hyperechogenic bowel) and one of them (0.3%) had aneuploidy+major anomaly
(1 atrioventricular septal defect+Trisomy 21). Intrauterine 274 fetuses (n=286 LSEF) were able to be followed, 242 LSEF (84.6%) disappeared
antenatally, 18 LSEF (6.2%) showed regression. In the second month of neonatal period, 6 LSEF (2%) persisted including the case with aneuploidy.

Conclusion: LCEF had no clinically significant effect on the prognosis of the cases without aneuploidy, and postnatal follow up was not recommended
for these cases.

Key Words: Echogenicity, Fetus, Isolated, Calcification, Subdiaphragmatic

Amag: Bu calisma, fetste sol subdiyafragmatik ekojen odaklarin (SSEO) prognoza etkisi ve klinik Gneminin arastirilmasi amaci ile planlanmistir.

Gerec ve Yontem: Bu retrospektif calismada, 16-40 gebelik haftalari arasindaki 20142 gebeye obstetrik ultrason incelemesi yapilmis olup sol
subdiyafragmatik alanda tesadiifen ekojen odak saptanan fetiisler calismaya dahil edildi. Ekojen odaklarin sayisi, boyutu, eslik eden anomaliler ve
serolojik testlerin sonuclari kaydedildi. Doguma kadar 4 hafta araliklarla ultrason takibi yapilmis olup rezoliisyon gdstermeyen olgular icin postnatal
2. ayda ultrason kontrolii yapildi.

Bulgular: Calismaya dahil olan 285 fetiiste 315 SSEO saptanmis olup SSEO prevelansi %1,4 bulunmustur. Olgularin 12'sinde (%4,2) eslik eden mingr
anomaliler (7 intrakardiyak ekojen odak, 4 hafif pelviektazi, 1 ekojen barsak) ve birinde (%0,3) andploidi+majér anomali (1 atrioventrikiiler septal
defekt+Trizomi 21) izlendi. Antenatal takip edilebilen 274 fetiiste saptanan 286 SSEQ'nun 242'si (%84,6) intrauterin dénemde kayboldu, 18'i (%06,2)
spontan kiiglilme gdsterdi. Neonatal 2. ayda, an6ploidi olgusu dahil 6 SSEO (%2) sebat etti.

Sonuc: Kromozomal anomali olmayan olgularda, SSEO prognozda klinik olarak anlamli bir degisiklige yol acmamaktadir. Bu olgularda postnatal
takibe gerek yoktur.
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Introduction

Echogenic foci (EF) detected in the abdomen of the fetus
may appear as sonographic markers indicating infectious
pathologies or anomalies. These EF are not specific and it may
not always be easy to diagnose accompanying pathologies.
Differential  diagnoses include peritonitis,
hyperechoic bowel, toxoplasma, rubella, cytomegalovirus,
herpes simplex (TORCH) infections, neoplasms, and portal
vein thromboembolisms. The location and distribution of
EF in the abdomen should be carefully evaluated (1). Small
calcifications commonly found in the abdomen and pelvis
are mostly evaluated in favor of meconium peritonitis, and

meconium

calcifications in the liver are evaluated in favor of infection,
tumor, or vascular pathology (2,3). Determining the number,
location, and distribution of EF in the abdomen gives very
important clues for making diagnoses and predicting the
prognosis of many diseases.

EF observed in the right upper quadrant of the abdomen
suggest calcifications in the liver but left subdiaphragmatic
EF (LSEF) have not been sufficiently clarified in the literature.
This study aimed to investigate the prognosis and clinical
significance of LSEF detected in antenatal ultrasound.

Materials and Methods

This retrospective cohort study was conducted at a
secondary referral center specialized in maternal health care
between January 2015 and November 2021. Participants were
selected from a cohort of 20,142 pregnant women who were
referred for an obstetric ultrasound examination between
16-40 weeks of gestation. Electronic health records and the
electronically stored radiologic images were retrospectively
analyzed. Fetuses with an incidental finding of having an EF
in the subdiaphragmatic area of the left upper quadrant of
the abdomen were included in the analysis. All sonographic

examinations were performed by an experienced radiologist
on obstetric ultrasound using a high-resolution ultrasound
device with a convex 6-1.9-MHz probe (Toshiba Aplio 500,
Japan). The same machine was used throughout the study.

EF was defined as hyperechoic image which is 1-6 mm in
length with no obvious acoustic shadowing (Figure 1). The
fetuses who had LSEF in at least two imaging planes were
included in the study, whereas fetuses who had LSEF in a single
imaging plane and multiple pregnancies were excluded from
the study. In the case of identification of LSEF, the location,
number, and size of the EF in the longest plane were stated
in the written report and digital images were electronically
recorded along with other abnormal findings of fetuses. First
trimester screening tests and serologic tests were performed
for all fetuses, and amniocentesis was performed in the
case of indication. Informed consent was obtained from all
pregnant women to participate in the study. The research was
conducted ethically in accordance with the guidelines for
human studies and World Medical Association Declaration
of Helsinki. The study was approved by the local research
ethics committee of istinye University Clinical Research Ethics
Committee (3/2022.F-52)

Fetuses with LCEF were followed every 4 weeks until birth
through sonographic examinations. Postnatal sonography was
performed in the 2" month of life for all cases with LSEF. The
clinical data about the babies with LSEF were retrieved from
the electronic health records of the pediatric clinic of the
study center.

Statistical Analysis

The SPSS 22.0 statistical package was used for statistical
analysis. The Shapiro-Wilk test was used to test the normality
of data distribution. Descriptive statistics were expressed as
mean, standard deviation, number, and frequency.

Figure 1: Left subdiaphragmatic echogenic focus (white arrow) in a 24-weeks fetus. a. Axial section, b. Sagittal section
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Routine obstetric ultrasound examinations revealed that
285 fetuses (1.4%) had LSEF (315 EF) out of 20,142 fetuses. The
mean + standard deviation gestational age of fetuses at the
time of diagnosis was 18.5+2 weeks of gestation and ranged
between 11 to 25 weeks. Maternal and fetal demographic
characteristics and concomitant anomalies are presented in
the Table 1.

During the study, 261 (91.5%) of 285 fetuses had a single
EF, 19 (6.6%) had two EF, and 5 (1.7%) had three or more EF
(Figure 2).

The diameters of the EF ranged from 2 to 6 mm (mean,
2.7+0.9 mm). LSEF were oval, rod, or round in shape,
and posterior acoustic shadowing was not observed in
any. Concomitant minor anomalies were observed in 12
(4.29%) fetuses (intracardiac EF n=7, mild pelviectasis n=4,
echogenic bowel n=1), and one (0.3%) had a major anomaly
[atrioventricular septal defect (AVSD)]. Amniocentesis of the
fetus with AVSD revealed the presence of trisomy 21. Five of
the fetuses with intracardiac EF had single EF, two of them had

2 EF in the left subdiaphragmatic area. The fetuses with mild
pelviectasis, echogenic bowel and AVSD had single EF.

Antenatal follow-up could not be performed for 11
(3.8%) pregnant women included in the study because of not
attending the ultrasound controls. Two hundred eighty-six
LSEF were detected in the remaining 274 fetuses; 242 (84.6%)
disappeared in the intrauterine period during antenatal
follow-up and 18 (6.2%) showed spontaneous regression.
Twenty-one (7.3%) that did not show intrauterine resolution
could be evaluated in the postnatal period, and only six (2%)
persisted in the neonatal 2" month (Figure 3). In persistent
fetuses, calcification foci were observed in the subcapsular
area of the left liver lobe or the area adjacent to the spleen in
the postnatal ultrasound examination. One of the persistent
fetuses had trisomy 21 and no accompanying anomalies were
detected in the others. The fetuses with minor anomalies were
also followed up in the postnatal period and none of them
had any abnormal finding. In serologic tests, eight pregnant
women had immunoglobulin (lg) G positivity in terms of
TORCH infections, but postpartum infection was not observed
in any of them.

Table 1: Maternal and fetal demographic characteristics and concomitant anomalies

Maternal-Fetal demographic characteristics

Maternal age

Gestational age at diagnosis

Fetus gender

Concomitant minor anomalies

Concomitant major anomalies/aneuplody

*Intracardiac echogenic foci, *Atrioventricular septal defect

Value (minumum-maximum)
27+3 (20-39)
18.5+2 (17-25)

N (%)
Male 151 (52.2%)
Female 134 (47.0%)
|EF* 7 (2.4%)
Pelviectasis 4 (1.4%)
Echogenic bowel 1 (0.3%)
AVSD**[Trisomy 21 1 (0.3%)

Figure 2: Axial section of the fetal abdomen. a. Two left subdiaphragmatic echogenic foci (white arrows) are seen in a 22-weeks pregnant. b. More
than two echogenic foci (white arrows) are detected adjacent to the stomach in a 23-weeks pregnant
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In this study, the prevalence of LSEF detected during the
antenatal period was found as 14 per 1000 pregnancies (1.4%,
n=285/20,142). Approximately 85% of those disappeared in the
intrauterine period, and 6% showed spontaneous regression. The
rate of accompanying minor anomalies was 4.2%, and the rate
of chromosomal anomalies was 0.3%. Chromosomal anomalies
were found in one of six persistent cases. No relationship was
observed between TORCH infections and LSEF. This study is the
largest study on this subject in the literature.

Echogenicity observed in fetal tissues, called calcification, is
used for echoes that are the same as adjacent bone echogenicity
(4). In previous studies in the literature, the incidence of
intrauterine hepatic calcifications was found to vary between
0.05% and 0.38% (5,6). In this study, the prevalence of LSEF was
found as 1.4%, much higher than in previous studies. Isolated
calcifications detected in the intrauterine period generally
have a good prognosis (5,7). However, the outcome worsens
when accompanied by other anomalies. Previous studies
found a relationship between intra-abdominal calcifications
and chromosomal abnormalities (7,8), intrauterine infections
(7,9,10), and circulatory disorders (11). Sahlin et al. (12)
emphasized that the probability of chromosomal anomalies
in fetuses with intrauterine calcification and accompanying
malformation was more than two times that of fetuses with
only malformations. In our study, the rate of chromosomal
anomalies was found as 3 per 1000 pregnant women, and the
frequency of chromosomal anomalies increased compared

> not be fol

up antenatally

5 LSEF could
> not be followed

up postnatally

v

6 LSEF persisted

1 -

Figure 3: Flow chart of the recruitment and follow-up process
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with the normal population. However, studies with a larger
number of cases are needed to determine the prevalence of
chromosomal anomalies in fetuses with LSEF.

The fetuses with concomitant anomalies had single or
two EF and no relationship was found between the number
of EF and the concomitant anomalies. Approximately 90% of
the LSEF included in the study either disappeared completely
during the intrauterine period or reduced in size. Trisomy 21
was found in one of six persistent fetuses in the postnatal
period; no chromosomal anomalies were found in any of the
fetuses that showed resolution. Although no direct relationship
was found between aneuploidy and the persistence of LSEF.
LSEF did not lead to a significant change in prognosis in fetuses
without accompanying chromosomal anomalies.

Studies in the literature focused more on intrauterine
calcifications in the liver, heart, and peritoneum (2,9,12).
Heart calcifications have been associated with chromosomal
anomalies (12), peritoneal calcifications with meconium
peritonitis and intrauterine infections (2), and hepatic
calcifications with vascular etiology (13). The etiology of LSEF
has not been sufficiently clarified in the literature. In this
study, because persistent LSEF were detected in the subcapsular
area of the left liver lobe and adjacent to the spleen in
postnatal examinations, etiologies related to liver and spleen
calcifications could be considered initially. In the literature,
calcifications detected in the subcapsular area of the liver have
been found to be associated with portal vein thrombosis (1,14).
In our fetuses, small thrombi in the portal vein may have played
a role in the etiology. It can be predicted that regressed LSEFs
in the intrauterine period may be associated with left liver
lobe calcifications because liver calcifications tend to regress
spontaneously (15).

TORCH infections are one of the other causes of
calcifications observed in the abdomen of the fetus and are
generally encountered as scattered millimetric echogenicities
accompanied by multiple organ anomalies (16). They can
be distinguished from LSEF by the scattered location of
calcifications and accompanying anomalies. In our study, 1gG
positivity in terms of TORCH infections was observed in eight
pregnant women, and no accompanying infection findings
were observed in any of them in the periuterine period. Ji et
al. (1) found no significant relationship between LSEF and
transplacental infections, as in our study. Another cause of
multiple calcifications in the abdomen is meconium peritonitis,
which occurs as a result of intestinal obstruction (17). Meconium
peritonitis is mostly encountered as calcifications located on
the peripheral surfaces of the liver and in the peritoneum. The
location of calcifications, accompanying intestinal anomalies,
and the presence of ascites are guides in the differential
diagnosis of LSEF of more than two in number.
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Study Limitations

Among the limitations of the study, first, there was the
inability to elucidate the etiopathogenesis of LSEF that showed
resolution in the antenatal period. Secondly, the relationship
between aneuploidy and the persistence of LSEF could not be
evaluated due to the insufficient number of fetuses. Aneuploidy
was observed in only one fetus with persistent LSEF in our study.
Studies with a larger number of fetuses are needed to evaluate
the relationship between chromosomal anomalies and LSEF.

LSEF are encountered more frequently than other
calcifications observed in the abdomen with a prevalence of
1.4% and mostly disappear in the intrauterine period. Their
etiology has not been fully elucidated and no relation with
transplacental infections has been observed. LSEF does not
cause a clinically significant change in prognosis of the fetuses
without chromosomal anomalies. Postnatal follow-up is not
required for the cases without aneuploidy.
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Kuduz Riskli Temaslarda Uygulanan Proflaksilerin ve Asilamaya
Uyumun Gozden Gegirilmesi

An Overview of Prophylaxis and Compliance with Vaccination in Contacts with Rabies Risk

@ Nilgiin Altin1, ® Miige Aslan2, ® Tiilay Unver Ulusoy!, ® Semanur Kuzil, @ irfan Sencanl

1Saghik Bilimleri Universitesi, Diskapi Yildinm Beyazit E§itim ve Arastirma Hastanesi, Enfeksiyon Hastaliklari ve Klinik Mikrobiyoloji Klinidi,
Ankara, Tiirkiye
2Saghik Bilimleri Universitesi, Diskapi Yildirim Beyazit Egitim ve Arastirma Hastanesi, Kuduz Asi Merkezi, Ankara, Tiirkiye

Amagc: Turkiye, 6nlenebilen bir hastalik olan kuduz yoniinden halen endemik bir bélgedir. Bunun i¢in asilama 6nemlidir. Gelismis tilkelerde genellikle
yabani hayvan kuduzu, lilkemiz gibi gelismekte olan iilkelerde ise evcil hayvan, 6zellikle de kdpek kuduzu daha cok gériilmektedir. Calismamizin
amaci, merkezimize basvuran kuduz riskli temas (KRT) olgularini ve asi programina uyumlarini degerlendirmektir.

Gerec ve Yontem: Calismamiza Ocak 2019 ile Haziran 2022 arasinda KRT nedeni ile bagvuran hastalar dahil edildi. Hasta verileri kayitlardan
saglanmistir. Tam asilama/asilamaya uyum; Gnerilen asilama programinin tamamlanmasi olarak tanimlandi.

Bulgular: KRT nedeni ile profilaksi alan ve yas ortalamasi 36,4 (11-90) olan toplam 2355 hastanin 1489'u erkek ve 866 kadindi. Hastalarin 1299'una
(%55,2) imminoglobulin (Ig) de verildi. Temaslarin 1445'i kopek, 872'si kedi ile idi. Sahipli hayvanlarin %80'i asisizdi. Temaslar ilkbahar ve kis
aylarinda daha fazlaydi. Tam asilamaya uyum orani %65,7 idi. Kadin cinsiyet, Ig yapilanlar, ileri yas, 4 doz asi Onerilenler, Ankara icerisinden
basvuranlar tam asilamaya daha uyumlu bulundu. Kis aylarinda uyum anlamli olarak artarken ilkbahar aylarinda anlamh olarak azaldi. Sahipli- asih
hayvan temaslarinda uyum az, kacti ya da oldiiriildi ise anlamli olarak uyum yiiksek bulundu.

Sonuc: Calismamizda; tam asilamaya uyum oranlarinin disiik oldugu ve sahipli-asisiz hayvan grubu ile KRT'nin fazla oldugu bulunmustur.
Uyumsuzluk nedenleri asilarin yan etkilerinden ziyade sosyal nedenler oldugu goriilmektedir. Halkimiz evcil hayvan asilanmasi ve KRT durumunda
Onerilen asi semasinin tam olarak uygulanmasinin énemi konusunda bilinclendirilmelidir.

Anahtar Kelimeler: Kuduz, Asilama, Risk, Uyum

Abstract

Objectives: Turkey is still an endemic region in terms of rabies which is a preventable disease. So, vaccination is important. Rabies is derived from
wild animals in developed countries, whereas it is caused by domestic animals, especially dogs in developing countries. The aim of this study is to
evaulate the patients contact with rabies risk (CRR) who applied to our center and their compliance with the vaccination program.

Materials and Methods: We included the the patients that applied to our Rabies Vaccine Center with a CRR between January 2019 and June 2022.
The patient data were obtained from patient information record. Complete vaccination/compliance with vaccination was defined as completion of
vaccination program.

Results: Of the 2355 patients [mean age; 36.4 (11-90) yrs] who received prophylaxis for CRR 1489 were men, and 866 were women. One-thousand
two-hundred ninety-nine (55.2%) of the patients received also immunoglobulin (Ig). One-thousand four-hundred and eighty-nine of the contacts
were with dogs and 872 were with cats. Eighty percent of the domestic animals were unvaccinated. Contacts were more frequent at Winter and
Spring seasons. Compliance with complete vaccination rate was 65.7%. Women sex, |g application, advanced age, recommendation of 4-doses
of vaccination, being inhabitant of Ankara were associated with compliance with complete vaccination. Compliance with vaccination rates was
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Abstract

higher in winter months whereas it was less in Spring. Also compliance rates were less in domestic animal contacts, whereas it was higher in non-

domestic contacts.

Conclusion: In this study, we found that CRR with domestic unvaccinated animal group was higher and compliance with complete vaccination rates
were low. The reasons for non-compliance appear to be social reasons rather than side effects of vaccines. Our people should be made aware of the
importance of pet vaccination and the full implementation of the recommended vaccination scheme in the case of CRR.

Key Words: Rabies, Vaccination, Risk, Compliance

I T

En eski zoonotik hastaliklardan biri olan kuduz halen
diinyanin  bircok yerinde endemiktir. Genellikle hayvan
isiriklart ile bulasmakta olup hastalik gelistiginde &limle
sonuclanmaktadir. Diinyadaki epidemiyolojik degisimler de
goz oniline alindiginda yabani hayvanlardan ve kontrolsiiz
evcil hayvanlardan bulasma riski yiiksektir. insanlara ve diger
hayvanlara, enfekte hayvanlarin tiikiriigi ile yakin temasi,
isirik, hasarli derinin ve mukozalarin yalanmasi yoluyla bulasir
(1). Turkiye, kuduz yo6niinden hala endemik bir bdlgedir.
Turkiye'de her yil yaklasik 180.000 kuduz riskli temas (KRT)
bildirimi yapilmakta olup her yil 1 ila 4 kuduza bagl insan
olimi gerceklesmektedir (2).

Tuirkiye'deki riskli temas ve kuduz olgu bildirimleri Sekil 1'de
verilmistir. Kuduz 6nlenebilir bir hastaliktir. Bunun icin asilama
onemlidir. Gelismis dlkelerde genellikle yabani hayvan kuduzu,
lkemiz gibi gelismekte olan Ulkelerde ise evcil hayvan, 6zellikle
de kopek kuduzu daha cok goriilmektedir. Kuduz, lilkemiz gibi
endemik bolgelerde halen 6nemli bir halk saghgi sorunudur (1).

Ankara'da bircok merkezde kuduz asilamasi yapilmakta
olup bu merkezlerden birisi olan hastanemizde de eriskin
kuduz asilamasi 2015 yilindan beri yapilmaktadir. Calismamizin
amaci; merkezimize basvuran KRT olgularini ve asi programina
uyumlarini degerlendirmektir.
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Cahsmamiza Ocak 2019- Haziran 2022 vyillari arasinda
Saglik Bilimleri Universitesi, Diskapi Yildinm Beyazit Egitim
ve Arastirma Hastanesi Kuduz Asi Merkezi'ne KRT nedeni
ile basvuran eriskin yas grubu ve idame dozlari icin kabul
edilen cocuk hastalar (11-18 yas) dahil edildi. Képek veya
kedinin en az 10 giin saglikli ve canl kaldigi ve bu nedenle
astlamasi tamamlanmayan maruziyetler dahil edilmedi. Hasta
verileri kayitlardan taranarak elde edilmistir. Bu kayitlar saghk
bakanligi onerisi ile ve kuduz saha rehberi dogrultusunda
hazirlanmistir (1). Bu kayitlarda; riskli temasi olan kisilerin
yas, cinsiyet, tarih, bulundugu semt, sehir, temas ettigi hayvan
cinsi (kedi, kopek, diger, yabani hayvan), hayvanin durumu
(sahipli-asili, sahipli-asisiz, sahipsiz-asisiz, kacti bilinmiyor,
oldu-oldirildd), temas edilen bélge sayisi ve kategorisi, kag doz
asi onerildigi, immiinoglobulin (Ig) uygulanip uygulanmadigs,
profilaksi durumu ile ilgili bilgiler bulunmaktadir. Asilama icin
kullanilan asi; Abhayrab 2,5 [U/0,5 mL IM/ID (inaktive edilmis
ve saflastiriimis kuduz antijeni konsantresi) ve kullanilan lg;
Equirab (rabies antiserum-equine) 1000 IU/5 mL'dir (40 1U/kg).
Asilama tiim hastalara intramduskiiler olarak yapilmistir. Hayvan
temaslari saha rehberine gore 4 kategoriye ayrildi (1); bu
kategoriler hayvanin asilanma durumu ve gozlemlenebilirligi
ile degerlendirilir. Buna gdre kategori 1= Hayvana dokunma

-
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Sekil 1: Turkiye Halk Saghgr Kurumu kuduz istatistik verileri-2021 (https://hsgm.saglik.gov.tr/tr)
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veya besleme, saglam derinin yalanmasi, kategori 2= Ciplak
derinin hafifce siyrilmasi (deri altina gecmeyen yaralanmalar),
Kanama olmadan kiicik tirmalama veya zedeleme,
kategori 3= Deriyi zedeleyen tek veya cok sayida isirma ve
tirmalamalar, Mukozalarin, acik deri yaralarinin hayvanin
salyasi ile temas etmesi, Lezyonun kafa, boyun, parmak uclan
gibi sinir uclariin yogun oldugu bolgelerde olmasi, kategori
4= Kuduza yakalanma ihtimali olan yabani hayvan tirleri
ile riskli temas. Asilama, temas oncesi profilakside 0 ve 7.
glinlerde bir doz olmak lizere toplam iki doz asi IM olarak
uygulandi. Temas sonrasi, 4 doz (0., 3., 7. glinlerde birer doz
ve 14 ile 28. giinler arasinda dordiincli doz uygulama) veya
2.1.1.(0. glin 2 doz, 7. ve 21. glinlerde birer doz) asi semasi ile
rehbere uygun olarak yapildi. Tam asilama/asilamaya uyum;
asi karnesine vyazilan asilama programinin tamamlanmis
olmasi olarak degerlendirildi.

Calismamizin etik kurul karari Yildirim Beyazit Universitesi,
Yenimahalle Egitim ve Arastirma Hastanesi Klinik Arastirmalar
Etik Kurulu Baskanligi'ndan 21.12.2022 tarihinde alinmistir
(karar no: E-2022-70).

istatistiksel Analiz

Tanimlayici istatistikler; kategorik degiskenler icin frekans
(%), suirekli degiskenler icin ortalama + standart sapma ve
ortanca (minimum-maksimum) olarak verilmistir. Kategorik
degiskenlerin karsilastirilmasinda ki-kare testi veya Fisher'in
Exact testi kullanilmistir. Tam asili olan ve olmayan gruplarin
yaslari arasinda istatistiksel olarak anlamh bir farklilik olup
olmadigina bakilirken normal Student's t-testi kullaniimistir.
Istatistiksel anlamlilik diizeyi p<0,05 olarak kabul edilmistir.
Verilerin degerlendirilmesi SPSS 11.5 for Windows programi
kullanilarak yapiimistir.
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Sekil 2: Aylara ve yillara gore kuduz riskli temas sayilari
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Bulgular

KRT nedeni ile profilaksi alan toplam 2355 hastanin
1489'u erkek ve 866'si kadindi. Yas ortalamasi 36,4'tti (11-90).
Hastalarin 88'ine (%3,7) daha 6nce profilaksi uygulanmisti.
Bin iki ytiz doksan dokuzuna Ig (%55,2) de yapildi. Profilaksi
uygulananlar arasinda kuduz klinigi gelisen olmadi. Temas
edilen hayvanlar evcil hayvan agirlikh olup, en sik kdpek
temasi gorilirken kedi temasi da bunu takip etti. Toplam
1445 kopek, 872 kedi, 8 at, 6 tilki, 2 dana ve birer tane
maymun kirpi, aslan, yarasa, hamster temasi olmustur. Kacti-
taninmiyor grubundaki hayvan sayisi 1887, sahipli-asili 86,
sahipli-asisiz 347, oldu-oldirildi 34 idi. Mevsimlere gore
olgu sayilarindaki degisimler Sekil 2'de verilmistir.

Temas eden kisilerin cinsiyet, yas, adres, temas kategorisi
ve temas edilen bolge sayisi, hayvanin ozellikleri, ka¢ doz
asi yapildigi, Ig uygulanma durumu ve profilaksi durumu
ve mevsimsel dagihimina gore tam asilanmaya uyumlar
incelendi. Tam asilamaya uyum oran %865,7 olarak bulundu.
Bunlarin arasinda kadin cinsiyet, Ig yapilanlar, ileri vyas,
4 doz asi oOnerilenler, Ankara icerisinden basvuranlar tam
asilamaya daha uyumlu bulundu. Mevsimlere gore uyumda
anlamli farkhliklar bulundu, kis aylarinda uyum anlamli
olarak artarken ilkbahar aylarinda anlamli olarak azaldi, diger
mevsimlerde farkhlik yoktu (p=0,02). Hayvanin 6zelliklerine
g6re bakildiginda uyumda anlamh farklilik vardi (p<0,001),
sahipli asih hayvan temaslarinda anlamh olarak uyum az
(p<0,05), kacti ya da 6ldiiriildi ise anlamli olarak uyum yiiksek
bulundu (p<0,05) (Tablo 1).
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Tablo 1: Tam asilama durumu ile diger degiskenlerin karsilastiriimasi

Tam agih degil
Cinsiyet, n (%)
Erkek 508 (78,2)
Kadin 142 (21,8)
Yas, ort £ SS 33,89+13,05

Ortanca (min.-maks.)
Sehir, n (%)

30,00 (17,00-80,00)

Ankara 615 (94,6)
Ankara digi 35 (5,4)
Temas kategorisi, n (%)

0 3(0,5)

1 0 (0,0)

2 192 (29,5)
3 455 (70,0)
4 0 (0,0)
Temas bdlge bilgisi, n (%)

1 633 (97,4)°
2 11 (1,7)?

3 3(0,5)

4 0 (0,0)
Hayvanin 6zellikleri, n (%)

Kacti 479 (73,7)°
Sahipli asili 50 (7,7)°
Sahipli agisiz 118 (18,2)?
Oldu 3 (0,5)
Doz, n (%)

2 24 (3,7)°

3 14 (2,2)

4 588 (90,5)
Ig, n (%)

Yok 312 (48,1)
Var 337 (51,9)
Profilaxi, n (%)

Yok 639 (98,3)
Var 11 (1,7)
Mevsim

) 118 (18,2)?
K 174 (26,8)°
i 224 (34,5)
Y 134 (20,6)

Tam asih

858 (68,9)
387 (31,1)

37,78+15,23
35,00 (11,00-90,00)

1211 (97.3)
34 (2,7)

0(0,0)
1(0,1)
372 (29,9)
870 (69,9)
2(0,2)

1213 (97,4)°
30 (2,4)°
1(0,1)
1(0,1)?

1014 (81,4)°
20 (1,6)°
184 (14,8)°
27 (2,2)°

52 (4,2
19 (1,5)°
1173 (94,2)°

539 (43,3)
706 (56,7)

1184 (95,1)
61 (4,9)

252 (20,2)
411 (33,0)°
337 (27,1)°
245 (19,7)

p-degeri

<0,001

<0,001

0,003

0,126

0,026

<0,001

<0,001

0,047

0,001

0,002

2, * Farkli Ust indisler istatistiksel olarak farklihgr gostermektedir (p<0,05)

Ort: Ortalama, SS: Standart sapma, min.: Minimum, maks.: Maksimum, Ig: immunoglobulin

Calismamizin sonuclarina gore tam asilamaya uyum %65,7
bulundu. Tedaviye uyum oranlari farkl (Glkelerde yapilan
calismalarda da benzer sekilde diisiik bulunmus olup %60-
65 uyum tespit edilmektedir (3,4). Ulkemizde yapilan kuduz
asisina uyum ile ilgili cahsmalar sinirh sayidadir. Van ilindeki
bir merkezden 813 kisinin dahil edildigi calismada tam doz
asilama 5 doz olarak kabul edilmis olup uyum %30 olarak
bildirilmistir (5).

Kuduz tedavisi giinimizde halen temas sonrasi proflaksi
seklinde yapilmaktadir. Tam ve zamaninda asilama bu nedenle

onemlidir. Bircok calismada uyum kisithligr  nedenlerinin
hastalarin  tedavilerini unutmalari, vakit ayiramamalari,
tedavinin maddi yiikl gibi sosyal nedenler oldugu gorilmistiir.
Bu nedenle asilamasi baslatilan kisilerin motivasyonlari 6nemlidir
(3,4,6). Calismamizda uyumsuzlugun nedenini arastirmak amaci
ile hastalarin mevcut bilgileri ile uyum durumlarini karsilastirdik.
Ankara ilinden basvurmak, kadin cinsiyet, ileri yas, kis mevsimi,
lg ve 4 doz asi Onerisi asilamaya uyumu artiran faktorlerdi.
Ankara ilinden basvuranlarin uyumlarinin yiiksek olmasi saglk
tesisine ulasimlarinin kolay olmasindan kaynaklaniyor olabilir.
Temaslilar arasinda erkek sayisi fazla olmakla beraber kadin
cinsiyetin tam asilamaya uyumu daha yuksekti. Koronaviris
hastah§i-2019 (COVID-19) ve influenza asilamalarin da
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kadinlarin daha az asilanma oranlari bildirilmistir ancak tam
asilamaya uyumlari degerlendirilmemistir (7,8). Yas ilerledikge
uyumun artmasi bizim verilerimizle uyumlu olarak influenza
asilamasinda da gosterilmistir (8). Ig yapilanlarin uyumunun
yiksek olmasi ise yaralanmalarinin daha ciddi olmasindan 6tiiri
olabilir. Hayvanlarin kacti ya da éldiriildi grubuna dahil olanlar
ile temas edenlerin uyumunun fazla olmasi ise kuduz olma
korkusunun daha yiiksek olmasindan kaynaklaniyor olabilir.
Uyumun kisin en yiiksek ilkbaharda en diistik olmasi, ilkbaharda
evcil hayvanlar ile olan temasin artmasi kisin ise sahipsiz veya
yabani hayvan temasi artiyor olmasi ile agiklanabilir. Ancak
COVID-19 pandemisinin etkisi ile yaniltici bir sonugta bulunmus
olabilir.

Evcil hayvanlar ozelliklede kopekler, hala diinyanin pek
cok bolgesinde ozellikle gelismekte olan iilkelerde kuduzun
bulasmasindaki en 6nemli aracilardir (1,3,9,10). Hastanemiz asi
merkezine basvuranlar arasinda da en sik kdpek temasi tespit
edilmistir. Calismamizda kacti-taninmiyor olarak tanimlanan
hayvan sayisi fazla olmakla beraber, sahipli olanlar arasinda
asisiz olan hayvan orani da yiiksek bulunmustur. Aker ve
Sahin (11), Canik/Samsun yoresinde yaptiklari calismalarinda
temas edilen hayvanlar arasinda sahipli asisiz olan ile en sik
karsilasildigint ve bu konuda gerekli mercilerin uyariimasi
gerektigini  bildirmislerdir. Gelismekte olan {lkemizde de
evcil hayvan temasi daha sik goriilmektedir (5,9). Bu nedenle
kuduzdan korunmanin en etkin yolu evcil hayvan asilanmasidir
(1). Calismamizda KRT'de erkek sayisi daha fazlaydi. Akbulut ve
ark. (12) da, Diyarbakir'da yaptiklari cahismada erkek sayisinin
daha yliksek bulmuslardir. Benzer diger calismalarda da erkek
sayisi daha fazla tespit edilmistir (5,13,14). Mevsimsel olarak
bircok calismada KRT sayilarinin yaz aylarinda arttigr kisin
azaldigi belirtilmektedir (5,15-17). Bunun aksine calismamizda
yillara gore farkhhklar olmakla birlikte ilkbahar ve kis aylarinda
KRT sayisinda artis vardi. Bu durum COVID-19 pandemisinin
etkisi olabilecegi gibi ilkbaharda insanlarin daha fazla doga
ylirtiylst, park bahce gezileri gibi faaliyetlerde bulunmasi ile de
iliskili olabilir.

Calismamizda; tam asilamaya uyum oranlarinin dustik
oldugu ve sahipli-asisiz hayvan grubu ile KRT'nin fazla oldugu
bulunmustur. Uyumsuzluk nedenleri asilarin yan etkilerinden
ziyade sosyal nedenler oldugu goriilmektedir. Halkimiz evcil
hayvan agilanmasi ve KRT durumunda 6nerilen asi semasinin tam
olarak uygulanmasinin 6nemi konusunda bilinclendirilmelidir.
Hayvan temasi sonrasi oOnerilen profilaksiler tam olarak
yapilmali, asilama tamamlanmalidir. Asilarini tamamlamayan
kisilerin kuduz olma ihtimalleri vardir. Ve sehirlerde gezen
basi bos hayvanlarin kontrol altinda olmasi da KRT nedeni ile
basvuran hasta sayisinin azalmasi icin 6nerilmelidir.
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Abstract

Objectives: The aim of this study is to determine the roles and responsibilities of healthcare team members in ward rounds from the view of
pediatric surgery teachers.

Materials and Methods: A qualitative design was used with semi-structured interviews were conducted with six pediatric surgery teachers.

Results: The consultant physician on ward rounds has a critical role and responsibilities. Concerning the duties of residents/senior residents and
other surgeons, the importance of complying with hierarchical communication, patient management, and preparation before and during ward
rounds were stressed. The roles and responsibilities of the supervisor nurse were defined as specifying medical information and observations during
ward rounds and ensuring the flow of information among team members. The teachers described the nurses' roles as passive-listening, completing
the resident deficiencies and fulfilling the doctor's instructions. Effective communication, teamwork and continuing professional development are
among the important roles of the healthcare team.

Conclusion: The roles and responsibilities of residents differed by their experiences and competencies. It was determined that nurses are not
expected to actively participate in the decision-making process regarding patient care and have a passive role as an observer. It should be noted
that it is expected of doctors in the ward round team to maintain "hierarchical communication”.

Key Words: Ward Rounds, Improving Health Quality, Qualitative Research

Amagc: Bu calismanin amaci, cocuk cerrahisi egiticilerin goziinden klinik vizitlerde saglik ekibi tiyelerinin rol ve sorumluklarini belirlemektir
Gerec ve Yontem: Arastirma niteliksel desene sahip olup, alti cocuk cerrahisi egitici ile yari-yapilandirilmis goriismeler yapilmistir

Bulgular: Klinik vizitlerde vizit sorumlu doktorunun kritik rol ve sorumluklari vardir. Asistan/kidemli asistan ve diger cerrahi doktorlarinin hasta
hakimiyeti basta olmak Uizere, vizit dncesinde hazirlik ve vizit sirasinda hiyerarsik iletisime uymalarinin dnemi 6ne cikmistir. Sorumlu hemsirenin
rol ve sorumluklari ise vizit sirasinda tibbi bilgi ve gdzlemlerini belirtme, ekip lyeleri arasinda bilgi aktarimini saglama olarak tanimlanmistir.
Egiticilerin hemsirenin vizit siirecine aktif kahimina iliskin goris farkliklari oldugu dinleme asistan eksiklerini tamamlama ve hekim direktiflerini
yerine getirilmesi pasif rollerinin oldugu goriilmustir. Vizit stirecinde yapici iletisimde bulunma, ekip isbirligi icinde ¢alisma ve strekli mesleki gelisim
saghk ekibinin énemli rolleri arasindadir.

Sonug: Asistanlarin rol ve sorumluluklari deneyim ve diizeylerine gore farklilik gosterdigi goriilmustiir. Hemsirenin hasta bakimi ile ilgili karar verme
stirecine aktif olarak katiliminin beklenmedigi, pasif izleyici rollinlin tanimlandig belirlenmistir. Degisik deneyimlere sahip olan vizit ekibi icindeki
doktorlarin “hiyerarsik iletisimi” stirdirme beklentisinin 6ne ciktigi dikkat cekmektedir.
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Introduction

Cooperation and coordination of different professionals
play an important role in ensuring quality and patient safety
in healthcare services (1-3). Ward rounds are an integral part
of healthcare services due to their impact on collaboration,
coordination and patient safety in clinics. In the United States,
it is estimated that five rounds, on average, take place per
day for an inpatient (4). In all professional groups providing
healthcare services, it is key for team members to be aware of
their duties and responsibilities in ensuring safe, high-quality,
patient-oriented care during ward rounds (1,5-7). Studies
conducted in this field emphasise the fact that team members
are aware their roles and the expectations in these roles enable
the ward round process to be carried out in a qualified manner
with a collaborative approach, including patient treatment and
care (2,5,8). In addition, determining trends in the patient's
condition during ward rounds leads to situational awareness
and standardisation of the process (5,9), as well as preventing
negative interactions and bedside chaos among team members,
thus, improving the quality of the process (10). However,
despite the importance of collaboration, it is pointed out that
uncertainties in the definition and perception of the roles and
responsibilities of healthcare professionals may pose a great risk
for patient safety (8,11).

Ward rounds is the process of information flow between
healthcare professionals regarding patient care, management
and workflow. More generally, it is "the temporary or permanent
transfer of some or all aspects of care for a patient or patient
group to another person or professional group with professional
responsibility and accountability” (3,8,9). Ward rounds are seen
as an integral part of medical education in providing patient-
centered care, clinical learning and competencies as well as
contributing to patient care and management (12). Since William
Osler, it has been the basic strategy for clinical education and is
still considered essential for the training of physicians and their
acquisition of clinical competence (12,13).

Many different theories underpin learning from ward
round, but Kolb's experiential learning theory offers the most
theoretical support. Kolb's learning cycle, is a constructivist
theory concerning how learners take experiences from the
external world into their private worlds of thought and emotions.
They interpret experiences, give them personal meaning, and
plan new actions in response to their interpretation (14).

To meet the needs of the ever-changing healthcare
system, different ward rounds are carried out, such as training,
consultation and multidisciplinary, with varied processes and
purposes (8). In other studies, the nurse's roles were identified as
patient advocacy, providing patient care, and leadership during
the rounds. The roles and responsibilities of team members

may change to carry out different visits effectively (5,11,15).
Research shows that the current definitions of the roles and
responsibilities of the consultant physician (1,5,16,17), resident
(1,5,16,17), senior resident (1,18,19), supervisor nurse (5,7,20),
and nurses (1,5,7,8,11,15,21), during rounds are unclear, and
different definitions can be made. One study found (8), that
doctors used nurses to supplement information and provide
extra detail on patient assessment during ward rounds. In other
studies, the nurse's roles were identified as patient advocacy,
providing patient care, and leadership during the rounds (15). The
socio-cultural conditions in which research has been conducted
have a significant effect on the emergence of such different
definitions. Apart from variability in the definition of roles and
responsibilities during ward rounds, other agreed-upon issues
are listed as follows: i) the uncertainties in the roles negatively
affect multidisciplinary rounds, ii) it is important to define open
roles for each team member, and iii) a clear approach needs to
be established for each team member (1,6,7).

Due to the prime role of rounds in the patient care/
treatment process, conducting studies to examine ward rounds
and the roles and responsibilities of the healthcare team in
this process is indispensable for a service-based approach
and patient safety. Addressing these studies in socio-cultural
contexts such as institutional, department culture, specialties,
team members and ward round atmosphere will contribute
to a detailed explanation of the problem. This study aims to
determine the roles and responsibilities of health professionals
participating in pediatric surgery ward rounds through the
experiences of pediatric surgery teachers. It is thought that the
views of the teachers can contribute to structuring ward rounds
and removing uncertainties. To this end, the study has sought
an answer to the following research question:

® How do pediatric surgery teachers define the roles and
responsibilities of health professionals participating in pediatric
surgery ward rounds?

Materials and Methods

The phenomenological design, a qualitative research
approach, was used in this study. Phenomenological studies are
conducted with relatively few people and focus on individual
experiences, leaving aside the researcher's own perspective and
prejudices (22).

Participants

The study group was composed of six pediatric surgery
teachers - two pediatric surgeons, two associate professors of
pediatric surgery and two pediatric surgery professors - working
in the Clinic of Pediatric Surgery of University of Health Sciences
Turkey, Ankara Child Health and Diseases Hematology Oncology
Training and Research Hospital. A purposeful sampling method
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was used, which is designed to select situations that are rich
in knowledge and experience to maximise the effectiveness
of limited resources (22). The pediatric surgery teachers were
selected according to the following criteria: i) their ability to
share rich experiences, ii) the specific information they have
about ward rounds, and iii) their routine participation in
pediatric surgery ward rounds. Participation in the research was
voluntary. Other healthcare team members (pediatric surgical
residents and nurses) were not included in the study because
they did not have sufficient knowledge and experience about
the ward rounds process and management and did not routinely
participate in the ward rounds.

Data Collection

The interviews took place between April and May 2019 in
the teachers' offices. Only the researcher and teachers were
present during the interviews, which lasted 29-60 minutes. The
interviews were done “face to face" by the female researcher (NC),
and voice recordings were taken. A semi-structured interview
form was used. The form included questions that examine the
roles and responsibilities of team members during ward rounds
generated by considering previous studies in line with the
purpose of the research. To evaluate the appropriateness and
understandability of the interview questions, two experienced
general surgery specialists were consulted. The consent of the
teachers was obtained by giving more detailed information
about the purpose and scope of the study on the day of the
interviews. Before starting the study, no relationship was
established between the participants and the researcher. Field
notes were taken by the researcher during the interview.

Statistical Analysis

The thematic analysis method was used. Verbatim
transcriptions were made from the recorded interviews. A
qualitative data set was composed by combining transcripts of
all interview texts. This data set was read several times and an in-
depth perspective on the interviews was formed. After repeated
readings, similar and different data segments were marked,
and codes were determined. General codes were determined by
researchers within the framework of the first established codes
and an approved code list was generated. To ensure the reliability
of the data, a researcher experienced in qualitative research and
the researcher (NC) coded over two randomly selected interview
texts. Both researchers have experienced in qualitative research
and attended a qualitative research workshop. Inter-coder
reliability was calculated as 80% by dividing the number of
agreed codes by the total number of both agreed and disagreed
codes (23). The codes, sub-themes and themes were reviewed
by the researchers and thematic schemes were set up. Coding
was done using the Microsoft® Excel program. The findings of
the study are presented with direct quotations to reflect the
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experiences of the surgery teachers. The study complied with
the Consolidated Criteria for Reporting Qualitative Research
(COREQ) checklist (See Supporting Information S1).

The surgery teachers interviewed in the study were 36-54
years old and had been working 12-30 years as a doctor and 9-25
years as a pediatric surgeon. Two of the teachers had participated
in the "Trainer-Training” programme, which includes bedside
training, adult education, asking questions, peer teaching and
development of educational programmes. The teachers defined
the roles and responsibilities of healthcare professionals in ward
rounds differently according to their position in the team (Figure
1). Findings on roles and responsibilities are summarised below.

Consultant Physician*

The teachers defined the duties and responsibilities of the
consultant physician on ward rounds within a broad framework
including clinical management, patient management,
teaching, role modeling, monitoring and supporting the
resident, compentency in non-technical skills and continuous
professional development. The teachers stated that they and
other team members obtained up-to-date information about
the patient treatment/care process through ward rounds and
that they should organise patient-centred clinical management
by evaluating this information. It seems important to give
feedback to team members in the clinical management process:

"What is the function of service? The thing to be applied
to patients is service management, and routine. Which patient
will be treated? what is planned? So to say, whether he needs
to be hospitalized or in intensive care? these are all things to be
evaluated during the ward rounds (Teacher 3, Female)".

"It cannot be a regular operation. Because in the morning
ward round, after the patients have been toured together, a
decision is made on what to do for patients, that s, “let's demand
these patient examinations -patient-based assessments-", “let's
demand X-ray", "let's do this.." You know, a supervisor nurse
also exists during the visits.." (Teacher 1, Male)"

The teachers emphasised that they conducted ward rounds
to obtain information about the general condition of patients,
to evaluate patients and to manage their treatment/care plan.
The consultant physician on ward rounds has an important role
in patient management:

“To have information about the clinical course of the
patient, to discharge if the patient needs to be discharged, to
adjust his treatment, to give or reduce drugs if it is needed to his
treatment... we do it to follow the process in that way (Teacher
4, Male)".
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The teachers stated that ward rounds are valuable
learning environments, and the consultant physician on the
round contributes to the education and training of residents.
Education and training activities are carried out through
discussions, question-answer and demonstrating or observing
clinical practices:

"For sure! we would like to contribute to the self-
development of the resident and make them qualified on the
patients/disease treatments by monitoring them during the
patient evaluation process, by discussing with them on the
patient, asking questions about the disease when necessary, or
discussing things about the distinctive diagnosis of the disease,
examinations, or other physical examination findings, etc.
(Teacher 1, Male)"

It was emphasised that the consultant physician performs
as a role model that shapes the management, evaluation and
formation of professionalism among the residents:

“They see our management or our capacity to assess. |
mean, how is the teaching done? How does a medical specialist
stand? Or what should be the position of an residentt, and so
on? Everyone observes their own positions. A discipline is being
formed. We are role models. Our colleagues apply another
variation of what they see in us or what they see in their
fellows. They watch us all and draw a conclusion (Teacher 2,
Male)"

The teachers defined the monitoring of residents'
professional development and their individual support among
the roles and responsibilities of the consultant physician on

Teamwork

Constructive

Present an opinion

Listener to passive

rounds. As part of these roles and responsibilities, they noted
that residents consider patient dominance, patient treatment/
care process management and identification of personal
problems:

“Residens' control... The term “control” refers to: how did
they evaluate the patient? How to say, how did they make the
progress of the day? Have they done the necessary examinations?
Have they already started the necessary treatments for patients'
diseases after checking them? One of the shortest ways we use
the most to understand whether they manage the patient's
treatment processes is to carry out ward rounds. It is the thing
that is most quickly and easily understood whether they have
control over the patient or not (Teacher 1, Male)".

The teachers stated that the consultant physician of the
ward round should have non-technical skills such as teamwork
and the capacity for decision-making. In this context, it was
mentioned that a moderate ward round atmosphere should be
provided for team members to express their opinions freely, and
decisions should be made after receiving the opinions of the
team members:

“The person conducting the round should be open to every
opinion. As | said, everyone should express their opinion after
all. Right or wrong! Ultimately a decision should be made
about the patient. There is also the following point. There is
mainly a primary doctor following the patient, a staff specialist.
Otherwise, he must make the final decision. The person
conducting the rounds must approve or disapprove of it, and
a decision must be made after all parties have expressed their
opinions (Teacher 6, Male)"

Clinical management
Patient management
Teaching
Consultant Physician Role modeling
Monitoring and supporting the resident

Compentency in non-technical skills

Continuous professional development

Patient safety Nurse

Ward round roles and responsibilities

Clinical management

Completing the resident's deficiencies

Fulfilling the doctor’s instructions

Pre-round theoretical preparation

Hierarchical communication ! Pediatric Surgery Doctors

All knowing about patients /

Figure 1: Roles and responsibilities of the healthcare team in the ward round

Patient management
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N Medical informati ations all
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In addition to the training of healthcare team members, it
has been stressed that ward rounds are also a training process
for the consultant physician, and the consultant physician
should also develop themselves professionally in this process:

“Now, for example, when the subject of the round is
determined, | try to read it myself. So I'm looking at the latest
literature. You need to be able to add something. You have to
be superior to them. In this way, you encourage them to say
something on the matter. They should say: "Well, this is the case,
and | should take a look at it or something”. You know, | think
you need to be able to renew yourself (Teacher 5, Female)"

Resident/Senior Resident

The teachers consider patient management, clinical
management, pre-visit preparation, completing assigned
tasks and transferring complete information as the roles and
responsibilities of the resident/senior resident during ward
rounds. The teachers stated that pediatric surgery residents
should have the treatment/care process from the day of
hospitalisation, not just daily updates, of all patients in the
clinic:

"Now, first of all, | would like a pediatric surgery resident to
know absolutely everything about the patient. He must know
the story of the patient, the results of the treatment methods
applied to the child from the beginning of the monitoring, and
everything else. After that, if he is on duty, he should be in
control of the vital signs of the patient, and everything that
happens to the patient so long as he stands by patients during
the night (Teacher 3, Female)".

In addition to patient domination, the treachers stressed
that the senior resident especially should control patient
management, functioning of the clinic, complete the deficiencies
and ensure clinical management:

“The surgical hierarchy starts right here. Before the
professor's round, the most senior resident should supervise the
round among the residents. Because it is thought that he is close
to expertise and his level of education is better. Actually, he is
expected to manage everything. He is required to ask: "What
did you do to this now? What did you do to that? Tell me about
all...". He should complete the deficiencies in this way (Teacher
4, Male)"

During rounds, the teachers stated that all residents should
have a background related to the treatment/care process of the
patients. In this context, they stated that it is important to be
prepared for rounds and that residents should organise rounds
among themselves. They emphasized that the senior resident is
responsible for this preparation:

“New juniors! There is such a hierarchy. You know, their
seniors are responsible for completing the resident round before,
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right? Everyone should get an idea about the night shift, even
those who have not been participated in the night shift (Teacher
5, Male)"

“The residents need to know how the overnight progresses
of the inpatients before the round was. We want them to know
everything about the new inpatient during the rounds, such as
where did the anamnesis come from? how was the patient? why
was the patient hospitalized? (Trainer 2, Male)".

Some teachers stressed that residents should update
information connected to patients on rounds, then search and
read the points highlighted within the scope of the training
activities:

“We expect the residents to run immediately to do the
work spoken there and the duties that fall into their fields. Or
he has to say: “let me read this" Because we say there: “read
these criteria, look! we did such a thing there ..." those criteria...
Because his seniority must be sufficient, and he needs to know
every relevant thing. You say: “Tell it to him, and then we'll talk
about it once you have read it" He needs to take his time and
study what we gave him, as well as his duties (Teacher 2, Male)".

It is important to provide complete information about the
patient to make the right decisions during rounds. One of the
teachers defined the complete realisation of the information
transfer process among the roles and responsibilities of the
residents:

“The main duties and responsibilities of the residents are,
here, to fully convey the patient's daily watch-out processes
(Teacher 1, Male)".

Nurse

The teachers defined the roles and responsibilities of nurses
during the round process as providing opinions, ensuring
patient safety, listening to the patient, completing the resident's
deficiencies and fulfilling the doctor's instructions. Some
teachers stated that there may be information the healthcare
team has overlooked or is incomplete, and it is important for
the nurses participating in rounds to convey their medical
information/observations to the patient during the ward round:

“That is why everyone needs to participate in the ward
round. The attention of the team might be elsewhere. For
example, the doctor may not notice some things. But, here, the
nurse who monitors the process should remind, for example,
"He has tachypnea. Are you going to do anything?" It's good to
make such reminders (Teacher 6, Male)"

Contrary to the above view, another view stated by the
teachers is that the nurse does not need to actively participate
in ward rounds but should be a passive listener. According to this
view, it is sufficient for nurses to attend and listen only to the
patient's visit under his/her responsibility instead of attending
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all ward rounds. One of the teachers further expanded this view
and stated that fulfilling the doctor's directives is among the
roles and responsibilities of the nurse during the ward round
process:

"Everything we warned during the roundt, and everyone
should listen to what is being said about their patient, including
the nurses, we think of her as an auxiliary health staff (Teacher
2, Male)"

"Only at the round? | think there are also other things that
are under the nurse's duties and responsibilities, such as to care
for patients properly, or to follow orders (Teacher 4, Male)".

For nurses, extra roles and responsibilities might be added
during the round, such as supporting residents in terms of
completing their observations and eliminating their deficiencies,
defining the obstacles related to patient care and conveying
these obstacles:

"At the beginning, the nurse will supplement his (resident's)
checks, observations, and his deficiencies. She will convey the
defects that she noticed, and provide medication where required
(Teacher 3, Male)"

"For example, we check the patient and we say: "mobilize
him".The nurse in the team that will mobilize him, who is looking
after him ... If the patient cannot be mobilized, this needs to
be communicated, and shared, for example, "his mobilization is
not possible, or Why can't he be mobilized?..." To look for the
reasons lied under non-mobilization, such as, is it because of the
pain? Is there a contracture? Or is there something else? What
is it? We need to think about all possibilities (Teacher 1, Male)".

Patient safety requires teamwork. In this context, the nurse
should work in cooperation with the residents and give warnings
when necessary:

“There is a double check of the work done from all sides.
Namely, there are aspects of the work done by the residents
and the specialty students that concern the doctor. They are
controlled by the seniors. There are also things they share with
the nurses in the treatment process. Like orders, and things
to do about the patient. Indeed, they should be monitored by
senior nurses (Teacher 1, Male)"

Supervisor Nurse

Concerning nursing care, it is important that information
be conveyed correctly during the ward round. It is emphasised
that the person who will exchange information should be the
right person:

"Accordingly, this is important. | mean, as | said, some things
are not always possible. Our wish is for the supervisor nurses to
do the morning visit with all their fellow nurses there, in that
thing, and monitor the patients. Has the patient eaten? drank?
whether moved or not? lung massage done? cough? all these

need to be conveyed to us... this is relatively easy to do, but
there must be the right people... (Teacher 1, Male)".

The teachers stated they can consult the supervisor nurse
about his/her medical information/observations of all inpatients
in the clinic when necessary during ward rounds. According to
the teachers' opinions, the supervisor nurse should be capable
of implementing the treatment/care process of all patients in
the clinic, be professionally equipped and participate in primary
patient care:

“The supervisor nurse should also listen to everyone, listen
to all patients. There will also be questions that we can ask her
during the ward round. That is, the assistant tells something but
she is the one who observes something. We can get her opinion.
How was this patient compared to yesterday? "l think it was
unpleasant, or he has diarrhea.." the doctor might not have
seen it, but it was green, watery, and so on... so we need her
medical knowledge and observations (Teacher 2, Male)".

Pediatric Surgery Doctors

In the views of the teachers, specialist and resident pediatric
surgeons should participate in the visit by making theoretical
preparations for patients and diseases to carry out the visit
efficiently:

"He must definitely read the patient, read from the previous
night, do not come to the ward round by saying that he knows
everything anyway, and he should review something that he
can add to them according to each seniority levels, he must be
prepared, and each team must be prepared for themselves. If the
resident studies for himself, if the specialist doctor looked for
himself, if the trainer had scanned the literature according to
himself, if it was known what was in the hospital, its efficiency
would be higher (Teacher 2, Male)".

The teachers stated that pediatric surgery specialists and
residents should be able to master the patient treatment/care
process during the round, although there are differences in
institutional and clinical operations. It has been observed that
patient dominance has positive contributions to the round:

"One who will attend the round, as | said before, can be
residents, maybe a specialist, or a doctor, the institution is
different, the functioning is different... Whoever might be... he
must have control over the patient in every sense (Teacher 6,
Male)"

It was emphasised that the round should be conducted
within a certain hierarchical communication framework and
that both residents and experts should act in accordance with
this hierarchical communication chain during the ward round:

“Everyone acts according to their seniority level during
rounds, only responsible one talks, anyone who talks about
the patient, he might also be the junior, no one will interfere
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until he finishes his word... if he is asked something, he should
answer... after the junior, the service supervisor talks, and after
that, if anything, the service specialist talks... everything works
in that hierarchy and discipline (Teacher 2, Male)".

Healthcare Team

In this theme, the characteristics that the whole team
should have - except for the responsibilities of individual team
members - are defined. The teachers stated that the patient
treatment/care process requires teamwork, and in some cases, it
is important for the team members to support each other. In the
teacher's comments, it was stressed that it is essential for team
members to work in harmony and show support for each other:

"It is significant in terms of teamwork of course... so you
rounds the wards together, and you want the nurses, at least
the supervisor nurse, to be there. All in all, if you have someone
else in your ward, for example, if you have a physiotherapist
specialized in burns, you need to have a physical therapist...
(Teacher 1, Male)"

“Therefore, teamwork is also like the organs of a body in
this sense. It is necessary for everyone to work in harmony, to
understand each other's situation, they must not hide something
(Teacher 2, Male)"

The views of all team members during rounds are valuable,
and it is critical for team members to express their opinions
using constructive communication techniques during rounds:

"I mean, the education continues for all of us, from the most
senior to the junior, from the expert to the professor. There
are new things you can learn from every patient. Everyone's
opinion is also very important. What comes to your mind may
not come to my mind. If it is said in an appropriate condition,
in an appropriate way, if everyone can be involved in scientific
discussion, this shows the wealth of the team (Teacher 5,
Female)"

Emphasising the educational aspect of rounds, visits
contribute to the continuous professional development of
healthcare team members. In this process, it has been observed
that healthcare team members must make inferences to ensure
their continuous professional development:

"Every round is an education of course. Namely, in the
end, the purpose of the ward roundt is to discuss the patient.
In this sense, at the bedside, | think it is useful that everyone
participating in the visit should do some inferences, whether
it is auxiliary health personnel or from other health branches
(Teacher 6, Male)"

A clear definition of roles is vital for patient-centred,
effective, efficient and structured ward rounds. Understanding
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this process is a priority in terms of structuring specialty training
and clinical training. Using a qualitative data set, this study
attempted to define the roles and responsibilities of healthcare
professionals who participate in visits, and it was carried out
with a relatively small sample, considering the socio-cultural
differences.

The teachers brought a multidimensional perspective to
the roles and responsibilities of the consultant physician; the
importance of patient and clinical management, education, role
modeling, monitoring and supporting residents, compentency in
non-technical skills and individual continuation of professional
development were emphasised. Earlier studies also examined
the roles and responsibilities of the consultant physician and
described the different aspects of the ward round, such as
clinical review, agreeing on a clinical plan, including clinical
criteria for discharge and an expected date of discharge (1,8,16-
18). Reece and Klaber (18), list the consultant physician's roles
and responsibilities on rounds as helping residents, interpreting
information by using their expertise in decision-making and
ensuring inter-team communication. Manias and Street (17),
stress the discussions on planning patient care, and management
of these discussions are within the responsibilities of the ward
round's consultant physician. Parallel to these study findings,
earlier studies reported that patient and clinical management are
predominant within the framework of roles and responsibilities.
However, the teachers interviewed in this study highlighted the
educational role of the consultant physician on rounds. Role
modeling, providing observations and support and continuing
professional development are defined among the roles and
responsibilities of the consultant physician.

According to the teachers, there were differences in the
roles and responsibilities of the senior residents and residents
during ward rounds. These differences can guide the levelling of
competencies, especially in residency education. Teachers have
stated that pre-round preparation, patient control, completing
assigned tasks, full information and clinical management are
among the roles and responsibilities of the residents/senior
residents. The responsibilities of the senior pediatric surgery
resident were separated and new responsibilities were added,
such as the control of patient management and clinical
operation, completing deficiencies and ensuring clinical
management. In the study, the roles and responsibilities defined
for the specialist doctors in the team are the same as those
specified for the senior residents. The roles and responsibilities
defined for these two groups are similar because the senior
resident is at the last stage of training before transitioning
to specialist. In other studies, giving an overview of patient
treatment and care, summarising the patient to the ward round
team, keeping written records, making the clinical decisions for
patients and leading the ward round are among the basic roles
and responsibilities of the student resident (8,18,19). Falco and
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Balmer (19), state that the roles and responsibilities of senior
residents during rounds are to efficiently organise patient
assignments for interns and medical students, review their
studies, answer questions and manage the treatment and care
process. As stated above, studies predominantly define some
of the roles and responsibilities of the consultant physician on
rounds, such as leading the round process, making decisions
and being a teacher. Unlike Falco and Balmer's (19) study, this
study does not address the educational and leadership role of
residents, whether senior or not. It is thought that these roles
and responsibilities are seen as competencies at the level of
expertise rather than the resident level. However, it is known
that peer learning is widely used in clinical education in practice
(24). If these roles and responsibilities are ignored in the trainers'
definitions, the residents' contributions to education may not
be fully seen. Besides, if the responsibility of peer learning
do not describe clearly, solidarity within professional groups
may decrease and induce missed opportunities to become a
qualified clinical teacher in the future. It is essential to study
these perceptions extensively when reviewing residency training
programmes and processes.

In this study, the emphasis on the importance of
“hierarchical communication” by teachers, specialists and
resident doctors during ward rounds was highlighted in the
interviews. Here, two situations in hierarchical communication
exist: first, communication between those at different stages in
the same occupational group, such as between junior residents,
senior residents and trainers; second, communication between
different health professionals. There is a clear expectation
from the teachers regarding the need to observe “hierarchical
communication” among those in the same profession during
rounds for doctors. This expectation is also seen in the
descriptions of other healthcare team members, such as nurses.
Defining nurses as “auxiliary health staff” and their duties and
responsibilities as applying ordered treatment and obeying
orders indicates hierarchical perceptions among professionals.
It is thought that the traditional ward round culture and the
perception of the health team are effective on the hierarchical
views of the teachers. It is difficult to communicate with
healthcare professionals who are generally perceived in a higher
hierarchical rank during the ward round. This may affect the
participation and roles in the round (15,16,25). Rice et al. (25)
studied in the internal medicine clinic and found that the inter-
professional hierarchy has negative effects on communication
and cooperation. Similarly, Bould et al. (26), reported that
negative hierarchical culture has negative effects on patient
safety, residency teaching and team functionality. Improving
and teaching professional teamwork and communication are
increasingly recognised as a higher priority for patient safety
(27). In this line, it has been observed that the development of
training programmes is important in providing safe care to the

patient, increasing the perception of inter-professional learning
and improving communication and cooperation between team
members (28).

In ward rounds, which are among the central activities of
the patient treatment/care process, a collaborative approach
between doctors and nurses affects patient care positively
(16,29). However, studies have shown that doctors and nurses
have little interaction with each other and are not inclined to
cooperate during ward rounds. They have also shown that nurses
take part in ward rounds as a supplementary object to remove
incomplete information and to answer raised questions during
rounds, apart from the decision-making process regarding the
patient (6,11,17,30-32). Manias and Street (17), found that
supporting doctors' knowledge about the patient and providing
extra details during ward rounds seem to be among the roles
and responsibilities of nurses. Similar research has shown the
following: i) nurses' contributions to rounds are not appreciated
and tolerated, ii) (32) ward rounds are not conducted in a
democratic way, iii) doctors dominate the process, iv) (21)
nurses have little participation, and v) it is among the roles
and responsibilities of nurses to answer questions asked during
rounds (11). From the teachers' standpoints, although doctors
and nurses have the same aim, it is obvious there are different
opinions about the participation of nurses in the patient care
process. Although some of the teachers touched upon the
importance of participation and cooperation, here, they gave
nurses the role of “transferring and completing information”.
Other teachers said that they (nurses) should be listeners
with passive participation during rounds rather than being
professional members of the healthcare team.

During the ward round, the roles and responsibilities of all
healthcare team members are specified as having a discharge
plan, medication management, making acute decisions
regarding patient care, teamwork and ensuring constructive
communication security (1,8). Besides, it is essential that
all healthcare professionals establish a learning culture
individually or as a team during the ward round (1). The
teachers stated that ward rounds are valuable learning areas
for all healthcare team members as this process contributes
to the continuous professional development of the team.
Constructive communication and working in collaboration are
among the roles and responsibilities of the healthcare team. The
results of this study show that the roles defined by the teachers
regarding hierarchical communication and nurses' participation
in rounds conflict with other roles and responsibilities including
communication and cooperation, which the healthcare team
should undertake during the ward round. Collaborative practice
environments have a positive impact on patient safety and
quality of care by enabling the sharing of knowledge, different
expertise and perspectives, and establishing equal status among
team members (32). In addition, the collaborative approach
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is recognised as an integral part of workplace learning for
healthcare professionals. The perception of hierarchy can lay
negative ground in workplace learning by affecting question
asking, feedback and critical thinking (33). It is thought
that the reasons such as lack of inter-professional training,
experience and being unfamiliar with each other's roles may
affect cooperation and communication during rounds. One of
the most important findings of this study is that, although the
importance of inter-professional collaboration has been stated
by many studies at the pre- and post-graduate education level
in recent years, it is necessary to work more to reflect this
awareness in the field and to improve the understanding and
competencies of it.

Study Limitations

The study is limited in generalisability because of its
qualitative nature. The data were obtained from pediatric
surgery teachers working in the same institution. However, it
is expected that the results will contribute to similar studies
carried out in different centres.

In this study, the expertise of healthcare team members
participating in ward rounds as well as their roles and
responsibilities at the individual and team level were defined
from their teachers' perspectives. The consultant physician on
rounds has a critical role in terms of learner, healthcare team,
patient and clinical functioning. The roles and responsibilities
of the residents are defined differently according to their
level of experience. Although the importance of teamwork
and communication was emphasised during the ward round,
it was determined that the active participation of nurses in
the decision-making process of patient care was limited, and
the view that he/she has a passive audience role in the team
continues. Despite its limitations on communication, it has
been determined that hierarchical communication is among
the roles and responsibilities that the team should pursue
during rounds. To provide qualified and reliable patient care, it
is important to conduct studies in different areas of expertise
and with team members that reflect the perceptions of the
roles and barriers to these roles during rounds. Although it
is not possible to quickly change the established culture and
perceptions that support it, action research examining the
reflections of teamwork and inter-professional collaboration
on patients must be carried out.
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Abstract

Objectives: Kidney traumas constitute a small part of all abdominal traumas. There is debate about whether to choose a conservative or surgical
approach. Nephrectomy is the most common surgical treatment for renal trauma. Conservative treatment may be considered for preservation of
renal function. Fourth and fifth degree injuries are associated with poor functional outcomes.

Materials and Methods: Kidney trauma admitted to a third-degree reference center was evaluated. Renal trauma assessment was performed with
the help of computed tomography. Age, gender, laterality, and hemoglobin levels were evaluated. cases that were followed conservatively and
underwent surgery were recorded.

Results: The median age of the patients was 25 years (18-44 years). 71.4% (n=15) of the cases were conservatively managed. Surgical repair of
the injured kidney was preferred for 1 of the cases (4.8%). Nephrectomy was performed for 2 cases (9.5%) and embolization was preferred 2 cases
(9.5%). Surgical repair and removal of foreign body was performed for only 1 case with penetrating renal trauma (4.8%). All grade | and Il traumas
were treated conservatively. One of grade Il traumas underwent surgical repair, 1 of them underwent surgical repair and removal of foreign body
and the other 4 patients were treated conservatively. One of grade IV traumas was performed nephrectomy, 1 of them underwent embolization and
the other 4 were conservatively treated. For the patients with grade V traumas, 1 underwent nephrectomy and 1 was treated with embolization.

Conclusion: Different success rates have been reported for treatment approaches according to the literature. Both treatments have advantages
and disadvantages. Conservative treatment is at the forefront in many patients, albeit at a high level. Interventions should be planned for
hemodynamically unstable patients. This approach seems beneficial given its efficacy and safety. Thus, unnecessary kidney loss will be prevented.

Key Words: Renal Trauma, Nephrectomy, Conservative

Amac: Bobrek travmalari tiim karin travmalarinin kiigiik bir kismini olusturur. Konservatif mi yoksa cerrahi yaklasim mi tercih edilecegi konusunda
tartismalar vardir. Nefrektomi, renal travmanin en yaygin cerrahi tedavisidir. Konservatif tedavi bobrek fonksiyonunun korunmasi igin distiniilebilir.
Dort ve besinci derece yaralanmalar kot fonksiyonel sonuclarla birlikte beraberligi meveuttur.

Gereg ve Yontem: Uciincii derece referans merkezine kabul edilen bobrek travmalari degerlendirildi. Renal travma degerlendirmesi bilgisayarli tomografi
yardimi ile yapildi. Yas, cinsiyet, lateralite, hemoglobin seviyeleri degerlendirildi. Konservatif takip edilen ve cerrahi uygulanan olgular kaydedildi.

Bulgular: Hastalarin medyan yasi 25 (18-44 yll) olarak saptandi. Olgularin %71,4'G (n=15) konservatif olarak takip edildi. Yaralanan b6bregin cerrahi
onarimi olgularin 1'inde (%4,8) tercih edildi. Iki olguya (%9,5) nefrektomi yapildi ve 2 olguya (%9,5) embolizasyon tercih edildi. Penetran renal
travmali sadece 1 olguda (%4,8) cerrahi onarim ve yabanci cisim ¢ikarildi.

Sonug: Literatiire gore tedavi yaklagimlari icin farkli basari oranlari bildirilmistir. Her iki tedavinin de avantajlar ve dezavantajlari vardir. Konservatif
tedavi, yuksek dereceli de olsa bircok hastada 6n plandadir. Hemodinamik acidan stabil olmayan hastalar icin midahaleler planlanmalidir. Bu
yaklasim, etkinligi ve giivenligi g6z dniine alindiginda faydali gériinmektedir. Boylelikle gereksiz bébrek kaybr dnlenmis olacaktir.
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Introduction

Renal traumas are not common trauma types that
consititutes 1-5% of all traumas and 10% of abdominal
traumas (1). There is a controversy of preferring conservative
or surgical approach for the treatment of renal traumas (2).
Experiences revealed lower nephrectomy and complication
rates (2). Conservative management is a standart approach for
low-grade traumas (1). During the last decade conservative
approach replaced the surgical interventions (3). In case
presentations, it has been shown that conservative approach
would be preferred for also grade V renal traumas (4). During
the conservative management some cases would be undergone
for nephrectomy. Studies revealed that conservative approach
would be also preferred for every grade of renal trauma for
pediatric patients (5). Surgical exploration of renal traumas
mostly result with nephrectomy (6). Trauma management
depends on the parenchymal injury and risk of bleeding (7).
Urinary extravasation accounts for 30% of all complications and
immediate or delayed ureteral stenting is the main treatment of
this condition (7).

Urinary extravasation would be managed by both observation
and ureteral stenting (8). Time to excretory phase is an
important point for the accurate diagnosis of collecting system
injury (9). The percentage of the need to image for surgical
intervention is approximately 12.5% in asymptomatic patients
with high-grade renal trauma (10). It was found that most of
the practitioners were intended to preserve renal functions
while managing high-grade renal traumas (11). They were
observed as comfortable with renorraphy and they have access
to interventional radiology (12). Conservative management
would be considered for renal function preservation and while
assessing the functional outcomes, poor functional outcomes
were found for grade V and specific subtypes of grade IV
injuries (12). Hypotension at hospital admission, hematoma size
greater than 3.5 c¢cm, blood transfusion during the follow-up
and worsening of injuries with computerised tomography are
the predictive factors of conservative approach failure (6). In
this study, we aimed to evaluate the patients that have been
evaluated and treated in our clinic. Also we aimed to show the
efficacy of conservative treatment for especially stable patients.

Materials and Methods

Renal traumas that were admitted to University of Health
Sciences Turkey, Gllhane Training and Research Hospital, Clinic
of Urology between January 2016 and June 2020 have been
included in our study. Age, gender, laterality and grade of renal
trauma, presence of foreign body, presence of macroscopic
hematuria, complete blood count and biochemistry results
during admission, on first and seventh day of hospital stay,

presence of accompanying disease and treatment approaches
were noted. Grades of renal traumas were evaluated with
computerised tomography. Patients were hospitalised and
observed with bed rest. Routine vital signs were observed during
the hospital stay. Conservative and surgical approaches were
chosen for the patients and both of the treatment modalities
and the results of treatments were evaluated in detail.

Statistical Analysis

Statistical analysis was conducted with using Statistical
Package for Social Sciences 22.0 software (SPSS 22.0 for
MAC). Descriptive statistics of nominal samples were expressed
with numbers and percentiles. Descriptive statistics of scale
samples were expressed as mean or median according to their
normalization. The frequency of the collected data has been
also analyzed in detail. Shapiro-Wilk test was used to assess the
variables' normalization. Spearman's correlation analysis was
used to assess the correlation between the trauma grade and
some of the noted variables that are the important factors for
renal trauma. The value of p<0.05 was accepted as statistically
significant.

The study is a retrospective study and ethical approval was
obtained from University of Health Sciences Turkey, Gilhane
Training and Research Hospital (approval no: 2021-70, date:
11.02.2021). Twenty one patients have been admitted to our
clinic with renal trauma between January 2016 and June 2020.
All of these patients were male. The median age of the patients
was 25 years (18-44 years). While assessing the laterality, 42.9%
of the traumas were observed in left kidney (n=9) and 57.1% of
them were in right kidney (n=12). Foreign bodies were observed
in 57.1% of the renal traumas (n=12) and among these patients
4.8% of them were seen in left kidney (n=1), 28.6% of them were
seen in right kidney (n=6), 9.5% were in right retroperitoneal
area (n=2), 9.5% of them were in left retroperitoneal area
(n=2) and 4.8% of them were in both right kidney and right
retroperitoneal area (n=1). The number of foreign bodies
were noted as; 1:38.1%, 2:9.5%, 3:4.8% and 4:4.8%. Mean
size of these foreign bodies was 6.75 mm. While assessing the
grades of renal traumas; grade 1: 5 patients (23.8%), grade
2: 2 patients (9.5%), grade 3: 6 patients (28.6%), grade 4: 6
patients (28.6%) and grade 5: 2 patients (9.5%). Macroscopic
hematuria was observed in 57.1% of the patients and most of
them were observed in high-grade renal traumas (p<0.05). There
was strong positive correlation between the increase in trauma
grade and the presence of macroscopic hematuria (Rho=0.696;
p<0.01). Mean hemoglobin level at admission was 14.1 g/dL, it
was 11.6 g/dL on first day 12.3 d/dL on 7" day and 12.9 g/dL
on 30" day. Mean hemoglobin drop between the first day of
stay and admission was 2.3 g/dL (0.3-6.8 g/dL). It was 1.8 g/dL
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between the 7" day of hospital stay and admission and 1.04 g/
dL between 30" day and admission. The differences between
the creatinine values were not statistically significant and
the values were similar between admission, first, 7" and 30™"
days. While assessing the correlation between trauma grade
and hemoglobin drop at first, 7" and 30" day, it was found
that there was not a statistically significant correlation (Rho=-
0.224; p>0.05, Rho=-0.074; p>0.05 and Rho=0.029; p>0.05
respectively). The treatment approaches were also evaluated
in detail. 71.4% of the cases were conservatively managed
(n=15). Surgical repair of the injured kidney was preferred for
1 of the cases (4.8%). Nephrectomy was performed for 2 cases
(9.5%) and embolization was preferred 2 cases (9.5%). Surgical
repair and removal of foreign body was performed for only 1
case with penetrating renal trauma (4.8%). All grade | and Il
traumas were treated conservatively. One of grade Il traumas
underwent surgical repair, 1 of them underwent surgical repair
and removal of foreign body and the other 4 patients were
treated conservatively. One of grade IV traumas was performed
nephrectomy, 1 of them underwent embolization and the other
4 were conservatively treated. For the patients with grade V
traumas, 1 underwent nephrectomy and 1 was treated with
embolization (Table 1).

Renal traumas would be seen as blunt or penterating
traumas and they could be managed with conservative or
surgical approaches. Many studies in the literature showed
dfferent success rates for these treatment approaches. Studies
have shown that even high grade traumas of pediatric
age group would be treated with conservative option (13).
Regardless of injury details, nephrectomy rates have decreased
consistently (14). There are some complications that would be
seen with conservative approach. There is a risk of urinoma
and the treatment of urinoma is still controversial as both
percutanous drainage and ureteral stent placement options
would be preferred (15). Delayed surgical exploration would
also cause secondary hemorrhage and urinary extravasation
(16). On the other hand early surgical approachs would result
with high renal loss (16). When evaluating the prefferred
treatment options, it is obvious to see that even in the high
grade traumas, initial conservative approach is advocated

Table 1: Renal trauma grades and treatment options

(17). Studies reported the successful outcomes of conservative
approaches even for grade V traumas (4).

Studies also showed the efficacy of percutanous
embolization for hemodinamically unstable patients with
grade V trauma (18). Results show this technique as a safe
option with no intermediate-term adverse events (18). A
study with large number of cases showed that clinical findings
were the best guides for management and when managing
the traumas it was not recommended to consider only the
radiologic findings (19). While evaluating the cases with
renal traumas that were treated in our center, it is clearly
seen that most of the cases were treated conservatively. The
cases in our center were all male. All the cases with grade |
and Il renal traumas were treated conservatively. Six patients
with higher grades needed intervention and only 2 patients
underwent nephrectomy. Our study results were compatible
with the literature and as the studies reported in the literature,
tendency for conservative approach is increasing recently.
When considering the manuscripts in the literature, it is
obvious that guidelines for renal trauma treatment must be
revised and the conservative approach indications would be
widened. Especially hemodynamically stable patients would be
followed with close observation and monitorization. As it was
seen in our study, hemoglobin drop was decreased with the
days of observation and there was not significant creatinine
change. These findings also support the efficacy of conservative
approach for avoiding unnecessary renal loss.

Study Limitations

Our study has been conducted with limited number of
cases. More cases and multicentric studies would contribute
the literature and also they would be necessary for updating
the guidelines.

Most of the patients with renal traumas, even if they are
high grades, would be treated conservatively. Interventions
must be considered for only hemodinamically unstable
patients. This approach would be useful when considering
the efficacy and safety. Also unnecessary renal loss would be
avoided.

Renal trauma grade  Conservative treatment  Embolization Surgical repair Surgical repair+foreign body removal  Nephrectomy
I 5 (23.8%)

I 2 (9.5%)

I 4 (19%) 1 (4.8%) 1 (4.8%)

1Y 4 (19%) 1 (4.8%) 1 (4.8%)

v 1 (4.8%) 1 (4.8%)
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Safe Retrosigmoid Oblique Craniotomy Technique: A
Retrospective Single-Centre Experience
Givenli Retrosigmoid Oblik Kraniyotomi Teknigi: Retrospektif Tek Merkezli Deneyim

©® Orkhan Mammadkhanlil, ® ihsan Dogan?
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Abstract

Objectives: In neurosurgical practice, retrosigmoid craniotomy (RC) is mostly performed to gain access of the posterolateral skull base area. The
close relationship of the sigmoid sinus (SS) and transverse sinus (TS) is critical for craniotomy related sinus injury. Previous studies have evaluated
preoperative identification of TS and SS to provide appropriate surgical location and achieve a safe approach. We aimed to perform the safest and
simplest craniotomy technique to avoid sinus injury and minimise bone removal. In this article, we described our modified RC technique.

Materials and Methods: Data of 27 patients who underwent a safe RC were retrospectively evaluated. All procedures were performed by the same
senior and junior surgeons. Patient with recurrent surgery and craniofacial bone anomaly were excluded from the study.

Results: The mean age of the patients was 57.41+8.75 years, 15 (55.56%) patients were male and 12 (44.44%) were female. Moreover, 15 patients
had vestibular schwannoma, nine had petrous ridge meningioma and three had an epidermoid tumour. The procedure was performed in 25 patients
with cerebellopontine angle (CPA) lesions and in two patients with brainstem lesions. Cerebrospinal fluid leakage was found in 2 (7.41%) patients
postoperatively, and all of them were treated conservatively. None of the patients had sinus injury, bone flattening or cosmetic failure related to
RC technique.

Conclusion: We described our experience with the modified safe RC technique for CPA tumours. A 3x3 cm size safe oblique RC technique with
exposure of the 1/4 medial border of the SS and transverse SS junction is satisfactory enough for all of our cases. Our modified RC technique is a safe
and easily performed surgical approach that can be used in CPA, brainstem lesions and vascular pathologies. Nevertheless, this technique minimizes
unnecessary bone removal and extra cerebellar retraction are not needed because of the small craniotomy sizes.

Key Words: Retrosigmoid Approach, Sigmoid Sinus, Landmark, Posterolateral Cranial Base Approaches, Cerebellopontine Angle

Amac: Norosiriirji pratiginde retrosigmoid kraniyotomi (RK) posterolateral kafa tabani bélgesine erisim saglamak icin yapilmaktadir. Sigmoid sints
(SS) ve transvers siniisiin (TS) yakin iliskisi nedeniyle cerrahi esnasinda siniis yaralanma ihtimali vardir. Onceki calismalarda, giivenli bir yaklasim
saglamak icin cerrahi 6ncesi TS ve SS'nin preoperatif tanimlamasi yapildi. Bizim amacimiz, siniis yaralanmasini dnlemek ve kraniektomi en aza
indirmek icin en glivenli ve basit kraniyotomi teknigini gerceklestirmektir. Bu yazimizda modifiye RK teknigimizi anlattik.

Gerec ve Yontem: Yapilan retrospektif calismamizda giivenli kraniyotomi teknigi uygulanan 27 hasta verisi degerlendirildi. Hepsi ayni kidemli ve
uzman cerrah tarafindan ameliyat edildi. Tekrarlayan cerrahisi ve kraniyofasiyal kemik anomalisi olan hastalar calisma disi birakildi.

Bulgular: Hastalarin ortalama 57,41+8,75 yas araliginda idi. Bu hastalardan 15'i erkek (%55,56), 12'si (0044,44) kadindi. Hastalarin 15'inde vestibiler
schwannom, 9 hastada petr6z menenjiom ve 3 hastada epidermoid tiimér tanisi kondu. Hastalarin 25'inde bu yaklasim serebellopontin aci alani icin
ve 2 hastada beyin sapi lezyonlari igin uygulandi. Hastalarin 2'sinde (%7,41) beyin omurilik sivisi kagagi goriildii. Hastalarin hicbirinde RK teknigine
bagl siniis yaralanmasi veya kozmetik sikayet olmadi.
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Sonug: Bu yazida kose tlimorleri ve beyin sapi lezyonlarinda uyguladigimiz modifiye giivenli retrosigmoid kraniotomi teknigimiz ile ilgili
deneyimimizi anlattik. SS 1/4 medial sinirini ve TSS bileskesini cerrahi olarak hakim olmayi saglayan 3x3 ¢cm boyutunda giivenli bir oblik RK
teknigimiz, kdse tlimori ve beyin sapi lezyonlari olan tiim olgularimizda yeterince giivenli ve daha fazla goris alani sagladi. Modifiye RK
teknigimiz, kdse timorlerinde, beyin sapi lezyonlarinda ve vaskiiler patolojilerde kullanilabilen hizli, glivenli ve kolay uygulanabilen bir cerrahi
yaklasimdir. Bununla birlikte, bu teknik ile gereksiz kemik ¢ikarmayr en aza indiriyor, sinirli kraniyotomi nedeniyle asiri serebellar retraksiyona

gerek kalmiyor.

Anahtar Kelimeler: Retrosigmoid Yaklasim, Sigmoid Sinis, Landmark, Posterolateral Kafa Kaidesi Yaklasimlari, Kése

Introduction

In neurosurgical practice, retrosigmoid craniotomy (RC)
is mostly performed to gain access of the posterolateral skull
base area. This approach enables high exposure of the lateral
cerebellomedullary cisterns and cerebellopontine area (CPA),
which contain essential neurovascular structures including
the facial and vestibulocochlear nerves, lower cranial nerves,
anterior inferior cerebellar artery and posterior inferior
cerebellar artery (1).

The close relationship of the sigmoid sinus (SS) and
transverse sinus (TS) is critical in preventing sinus injury (2).
Previous studies have evaluated the relationship within the
sinus and anatomical landmarks to provide appropriate surgical
location and achieve a safe approach (2,3). Our main surgical
aim is to perform the safest and simplest craniotomy technique
to avoid sinus injury and minimise bone removal. In this paper,
we described our modified RC technique.

Materials and Methods

This retrospective study analysed data of 27 patients who
underwent a modified RC technique in Ankara University
Faculty of Medicine, ibni Sina Hospital between 2018 and 2020
years. All procedures were performed by the same senior and
junior surgeons. Patients with recurrent surgery and craniofacial
bone anomaly were excluded from the study. The mean age of
the patients was 60+12 years, 55.56% were male and 44.44%
were female. Of the patients, 15 had vestibular schwannoma,
nine had petrous ridge meningioma and three had epidermoid
tumours. The technique was performed in 25 patients with CPA
lesions and in two patients with brainstem lesions. Intraoperative
neuromonitoring was used in all patients. None of the patients
had sinus injury. The craniectomy defect was minimal. None of
the patients have bone flattening and cosmetic complaints. No
mortality was recorded.

Surgical Technique

After positioning the patient, the TS and SS junction and
SS are identified with the guidance of a navigation system. The
approximate projection of these structures was marked by using

anatomical landmarks. The ligamentum nuchae and trapezius
muscle are attached to the midline bony prominence located in
the occipital bone. This line connects the zygomatic arch to the
inion, and it is usually located below the lower border of the TS.
The posterior edge of the mastoid process could establish the
trace of the SS. However, it could not be applied in all patients
because of the anatomical variability of the bony prominence.

Several skin incisions are used in performing RC. We use a
post-auricular C-shaped incision that included the transverse
SS junction (TSSJ). The incision is located nearly 2 cm behind
the pinna. The incision at the level of the pinna is extended
beneath the mastoid tip. This incision prevents tension in the
flap. To decrease bleeding from the subcutaneous tissue, the
incision is infiltrated with bupivacaine. After the cutaneous flap
was elevated, the suboccipital muscles are detached from their
attachments and with electrocautery stripped from underneath
the bone. The use of surface landmarks could localise the junction
of the TS and SS. The most important landmark is the asterion,
the junction of the parieto-mastoid, lambdoid and occipito-
mastoid sutures. This landmark determined the TSSJ during
craniotomy. However, it is not a safe and permanent landmark
on the cranial surface because of the unstable location of the
asterion relative to the sinuses (4). Its localisation has been
reported in 60-78% of the cases (5). Additionally, it could be
difficult to determine the asterion correctly during surgery (6).

After localising the TSSJ, a burr hole is made beneath the TS
and SS junction. After unroofing the SS, the dura is meticulously
stripped from the overlying bone. Then, a 3x3 cm RC was
performed. After placing the burr hole to the TSSJ, the first
2/3 of craniotomy was performed until the SS inferior border.
At this stage, the footing attached was replaced with a bone
cutter, and the remaining 1/3 of the craniotomy was crossed
obliquely with a bone cutter (Figures 1-3). This craniotomy
technique exposes the TSSJ and about 1/4 of the medial border
of the SS. If mastoid air cells are involved, which can be opened
during drilling to prevent cerebrospinal fluid (CSF) leakage after
surgery, they are carefully sealed with bone wax.

After surgery, the craniotomy defect is covered with 3x3 cm
bone flap. Then, the suboccipital muscle, fascia and galea are
closed in layers. The skin is closed by surgical titanium staples.
Finally, a sterile dressing was applied on the wound.
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CSFleakage was found in 2 (7.41%) of patients, and the patient
RC was performed in 25 patients with CPA lesions and in was treated conservatively. Moreover, 16 (59.25%) patients

two patients with brainstem lesions. On histopathological experienced headache postoperatively. All patients respond well
examination, 15 (55.56%) patients had schwannoma, 9 (33.33%) to non-steroidal anti-inflammatory drugs. No patients had bone
had meningioma and 3 (11.11%) had epidermoid tumours. flap mobility due to a large craniectomy defect. None of the

patients had cosmetic complaints/failure (Figure 4). Sinus injury
and mortality were recorded. All complications related with
/ PR posterior fossa surgery and craniotomy are shown in Table 1.

A M. B e
/ sinus—)
o . Figure 3. Remaining 13 of craniotomy (above sinus) crossed obliquel
Bone defect after Minimal craniectomy wi%h a bone cutter 9 A ) auey
| craniectomy defect

Figure 1. Schematic illustration of our safe retrosigmoid craniotomy.
A) Defect between the bones after the standard craniectomy above the
sinus, B) Minimal craniectomy defect between the bones after the safe
retrosigmoid craniotomy

Red dotted lines - area of craniotomy performed with a bone cutter

Figure 4. Postoperative image of a patient after suture removal. No
Figure 2. Intraoperative illustration of our safe retrosigmoid craniotomy sunken skin and no bone flattening due to the bone defect were noted
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Table 1: All complications related with posterior fossa surgery and craniotomy

No Age Sex Histopathology

1 60 M Vestibular schwannoma

2 45 M Epidermoid tumour

3 47 M Vestibular schwannoma

4 65 F Vestibular schwannoma

5 72 F Petrous ridge meningioma
6 58 M Vestibular schwannoma

7 56 F Vestibular schwannoma

8 49 M Petrous ridge meningioma
9 40 F Petrous ridge meningioma
10 55 F Vestibular schwannoma

M 58 M Petrous ridge meningioma
12 63 M Petrous ridge meningioma
13 60 F Vestibular schwannoma
14 67 F Epidermoid tumour

15 68 M Vestibular schwannoma
16 54 F Vestibular schwannoma
17 48 F Vestibular schwannoma
18 69 M Petrous ridge meningioma
19 51 F Petrous ridge meningioma
20 54 M Vestibular schwannoma
21 72 M Vestibular schwannoma
22 47 M Petrous ridge meningioma
23 53 F Petrous ridge meningioma
24 51 M Vestibular schwannoma
25 64 M Epidermoid tumour

26 68 F Vestibular schwannoma
27 56 M Vestibular schwannoma

Our modified RC technique is a quick, safe and easily
performed surgical approach that can be used in CPA lesions,
brainstem lesions and vascular pathologies. In the traditional
craniotomy technique, SS and bleeding-related complications
are carefully prevented. Limited exposure of the SS resulted
in the narrowed entry into the surgical corridor of the CPA.
This condition causes a limited surgical area and thus requires
additional cerebellar retraction. In the traditional method,
after the craniotomy flap was elevated to expose the edge
of the SS, the residual rim of the bone was removed, thereby
increasing the free area between the bones (7). In our modified
RC technique, initially, the burr hole was placed to the TSSJ,
after the first 2/3 of the craniotomy was performed until the SS
inferior border. At this stage, the footing attached was replaced
with a bone cutter. To avoid sinus injury, oblique craniotomy
is performed over the SS with a 45° inclination to the most

Bone flattening/cosmetic

Complication, (non related
failure/sinus injury

with craniotomy)

Headache =

Headache -

Headache -

Headache -
CSF leakage -

Headache -
Headache -

Headache -
Headache -

Headache -
Headache =
Headache -

Headache -

Headache -
CSF leakage, headache -
Headache -

Headache -

medial dural surface near the SS. The remaining 1/3 of the
craniotomy was performed by this technique. Compared with
the traditional method, the modified technique allows for an
extended craniotomy, provides increased exposure and requires
minimal bone removal. Moreover, this technique reduces the
gap between the nearby bones and bone surfaces become
closer to each other. As a result, the gap between the adjacent
bones was reduced, and the bone surfaces immobilised the
bone flap, thereby contributing to the union (fusion) of bones
postoperatively.

Our experience with 27 patients demonstrated that
craniotomy performed above the “"dangerous places” such as
the SS and TSSJ with a bone cutter is safe. No haemorrhagic
complications and sinus injuries occurred. This approach could
avoid sinus injury, minimise bone removal and reach the CPA
and brainstem lesions.

One of the patients (3.70%) had CSF leakage. In the
literature, the incidence of CSF leakage was reported between
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2% and 30% after surgery, and this rate depends on the closure
method (8).

Headache is the most common complication of surgery to
the CPA, with an incidence as high as 65% (9). Headache was
related to discomfort caused by the incision, muscle spasms, dural
irritation and decreased CSF pressure. In our retrospective study,
16 (59.25%) patients experienced headache postoperatively.

Strengths and Limitations

This  retrospective study included a comparatively
homogenous clinical series of successive brainstem and CPA
lesions that were treated with our modified RC technique by
a single surgeon. Data completeness was satisfactory. Clinical
outcomes (bone flattening, cosmetic failure and SS damage)
were assessed with varying postoperative follow-up periods.

Despite these strengths, the study has some limitations. Our
technique should be used in a large group of patients. In addition,
the use of a bone cutter (which sometimes could be missed in
some clinics) in finishing the second part of the craniotomy is
a relative disadvantage of this technique. However, prospective
randomised controlled trials are warranted to confirm the
encouraging results of this preliminary study.

We described our experience with the modified safe RC
technique for CPA tumours. Moreover, this technique can be
safely applied for vascular lesions of the posterior fossa and in
vascular compression syndromes. Our modified RC technique
is a simple and safe technique and increases the exposure of
CPA lesions. Nevertheless, bone removal and extra cerebellar
retraction are not needed because of the small craniotomy sizes.
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Abstract

Objectives: The aim of this study was to examine the clinical results of patients treated with arthroscopic autologous bone grafting and K-wire
fixation in surgery for scaphoid non-union, and the factors affecting the success of this method.

Materials and Methods: This single-centre retrospective study included 9 patients (7 males, 2 females) with a mean age of 31 years (range, 20-45
years). Radiological evaluations of the patients were made from direct radiographs and computed tomography images. The disability of the arm
shoulder and hand (DASH), Mayo wrist score (MWS), and visual analog scale (VAS) scores were used in the evaluation of functional results. The range
of flexion -extension of the wrist was evaluated pre and postoperatively. Grip strength of the operated hand was measured postoperatively and was
compared with the non-operated contralateral hand.

Results: The mean time to union of the scaphoid bone was 8.5 weeks. Non-union was observed in 3 patients. The VAS score of the patients decreased
from 6.5 preoperatvely to 1.7 postoperatively, and the wrist range of movement increased from 81° to 101°. These values were determined to be 75%
of those of the non-operated side. The DASH score and MWS improved postoperatively.

Conclusion: The main reasons for failure are not observing bleeding points in the fracture ends with debridement of the non-union area and
early removal at the end of 8 weeks of the fixation made with K-wires in a second operation. The use of headless screws instead of K-wires in this
technique can reduce the rates of surgical failure.

Key Words: Scaphoid Non-Union, Arthroscopic, Bone Grafting

Amagc: Bu calismada skafoid kaynamama cerrahisinde artroskopik otolog kemik grefti ve K-teli fiksasyonunu ameliyati yapilan hastalarin klinik
sonugclarini incelemek ve bu yontemin basarisini etkileyen faktorlere dikkat cekmek amaclanmaktadir.

Gerec ve Yontem: Tek merkezli retrospektif yapilan calismaya, ortalama yasi 31 olan (aralik, 20-45 yas) 9 hasta (7 erkek, 2 kadin) dahil edildi.
Hastalari radyolojik olarak degerlendirmek icin direkt skafoid seri grafileri ve bilgisayarli tomografi kullanildi. Fonksiyonel sonuclari degerlendirmede
el bilegi fonksiyonunu degerlendirmek icin kol omuz ve el yetersizligi (DASH), Mayo bilek skoru (MWS), gérsel analog skala (VAS) skorlari kullanildi.
Hastalarin ameliyat dncesi ve sonrasi el bilek fleksiyon-ekstansiyon arali§i degerlendirildi. Ameliyat sonrasi ameliyat olan el ile karsi etkilenmemis
elin kavrama kuvveti dlcildii.

Bulgular: Ortalama skafoid kemigin kaynama siiresi 8,5 haftadir. Dokuz hastanin 3'tinde kaynama izlenmemistir. Hastalarin VAS skoru 6,5'ten 1,7'ye
diistii. El bilek hareket agikligi 81 derecen 101 dereceye cikti. Bu deger karsi tarafin %75'i kadardir. DASH skoru ve MWS ameliyat sonrasi iyilesti. Son
takiplerinde, elde kavrama kuvveti karsi tarafin %78'i kadard.

Sonugc: Skafoid kaynamama alaninin debridmant ile kirik uglarinda noktasal kanama gozlenmemesi ve K-teliyle yapilan tespitin ikinci bir ameliyatla
8 hafta sonunda erken cikarilmasi basarisizligin en 6nemli sebepleridir. Bu teknikte K-telleri yerine bassiz vidalarin kullanimi cerrahi basarisizligi
azaltabilir.
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Introduction

The scaphoid is the carpal bone of the wrist which is the
most frequently fractured (1). Healing of the scaphoid bone is
not easy because of both the cartilage coverage adjacent to
the carpal bones and the anatomy of the vascular structures
providing nourishment (1,2). In literature, the treatment of
scaphoid non-union has been attempted with several surgical
techniques such as cancellous, corticocancellous, vascularised
and non-vascularised bone grafting (3). Failure rates of up to
45% have been reported in these studies (4). More minimally
invasive methods have been developed for fractures of this
bone because of the risk of damage to the capsule and vascular
structures in open surgery, and delayed union and joint stiffness
associated with open surgery in the postoperative period (5).

The arthroscopic repair and percutaneous grafting method
was first described in literature by Slade and Dodds (6) in 2008,
and a success rate of 98% was reported in scaphoid non-
union. However, the arthroscopy technique characteristics
were explained more than the clinical results in that study.
Without performing open capsulotomy and without altering
the vascularity of the scaphoid bone, better functional results
and less joint stiffness are expected in this technique (6).

The aim of this study was to examine the postoperative
clinical and radiological results of 9 patients applied with
percutaneous K-wire fixation using arthroscopic cancellous
bone grafting because of scaphoid non-union, and to evaluate
the factors affecting the success of this method.

Materials and Methods

The study was approved by Ankara University Faculty of
Medicine, Human Research Ethics Committee (date: 19.12.2022,
approval no: 111-675-22). The study initially enrolled 13 patients
who presented at the hand surgery polyclinic of our hospital
between January 2020 and November 2022 because of non-
union of the proximal third or mid-third of the scaphoid. Four
of these patients were excluded; 2 patients who had undergone
an operation on the wrist for another reason, one patient with
Scaphoid Non-union Advanced Collapse grade >2 arthrosis, and
one patient with carpal deformity. The study continued with 9
patients. The patient information was retrieved retrospectively
from the hospital electronic records system, patient files, and
from the Ministry of Health Public Health Institute Death
Registration System. The patient data were evaluated in a
24-month period postoperatively.

The demographic characteristics of the patients (age, gender,
fractured side) were recorded (Table 1). The mechanism of injury,
and the time from injury to surgery were also recorded.
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In the physical examination of the patients for preoperative
clinical evaluation, sensitivity in the snuffbox region was
examined. In the radiological examination, anterior-posterior,
lateral, 45° semipronation and semisupination oblique and ulnar
deviation direct radiographs were examined. The cases were
separated into two groups as stable and unstable non-union.
Displacement of Tmm, poor alignment or humpback deformity
(lateral intrascaphoid angle >45°) and dorsal intercalar segment
instability (radiolunate angle >15°) were used as markers of
unstable non-union (Table 2) (7).

As computed tomography (CT) scans showing increased
proximal fragment radiodensity are strongly associated with
a histological diagnosis of osteonecrosis, CT scans were taken
to determine osteonecrosis in proximal non-union (8). As every
patient did not undergo magnetic resonance imaging (MRI),
the MRI scans were not included in the study. Fractures in
which trabecular bone bridging did not form in the fracture
line after surgical treatment, or sclerosis seen in the fracture
ends together with cystic changes forming a permanent space,
were accepted as non-union. For the classification of scaphoid
non-union, the Alnot, Slade and Geissler classification systems
were used (Table 3a, b). Intracarpal ligament injuries determined
during arthroscopy were classified according to Geissler, and
TFCC lesions according to Palmer. Poor prognostic factors which
could affect postoperative union were scored (Table 4) (9).

All the operations were performed by the senior author. The
percutaneous minimally invasive technique with arthroscopic
bone grafting, as described by PC Wong and Ho (10) was used
as the surgical technique. In the intracarpal ligament evaluation
during arthroscopy, dorsal scapholunate (SL) ligament lesion was
determined in all 9 (100%) patients. According to the Geissler
classification, type 2 lesion was present in 6 patients and type 1
lesion in 3. Debridement and a thermal shrinkage process with
radiofrequency were applied to patients observed with type 2
ligament lesion. Palmer type 1A TFCC lesion was observed in
2 patients and debridement was performed in these 2 cases.
During arthroscopic surgery, fibrous tissue in the fracture ends
was debrided extensively until points of bleeding were obtained
from the bone.

The spongious graft harvested from the iliac bone was
placed in the non-union line with the help of a cannula (3 mm)
and a trocar (2.7 mm), and the K-wires were advanced (Figure
1). The patients were followed up for 8 weeks postoperatively
with a thumb-supporting short-arm plaster cast. At the end of 8
weeks, the plaster cast was removed, the K-wires were removed,
and the patients were admitted to the rehabilitation program.
Bone healing was evaluated both clinically and radiologically in
the postoperative period. Healing was evaluated clinically as the
absence of sensitivity in the snuffbox region, and radiologically
as the formation of bone trabeculae in the pseudo-arthrosis line
on wrist posteroanterior, lateral, and scaphoid series (Figure 2).
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Table 1: Demographic characteristics of patient

Patient
no

9

Gender

M

Age

45

33

33

28

31

20

31

37

23

Occupation

Plumber

Topographical
engineer

Officer
Student
Tailor
Student
Lawyer
Worker

Salesman

Trauma
mechanism

Fall

Fall

Fall

Fall

Fall

Fall

Fall

Fall

Direct
blow

Time
since
injury
(Month)
252

36

24

30

120

6

Side

Left
Left
Right
Left
Right
Right
Left
Left

Left

M: Male, F: Female, SL: Scapholunate ligament, TFCC: Triangular fibrocartilage complex
*Geissler Classfication, **Palmer Classification

Table 2: Stable and unstable non-union criteria

Patient no

1

© © N o o W N

Table 3a: Alnot's Scaphoid Non-union Classification

Stage 1
Stage 2
2A
2B
Stage 3
3A
3B

Fractured disreplacement (mm)

<1
<1
<1
<1
<1
<1
<1
<1

<1

mm

mm

mm

mm

mm

mm

mm

mm

mm

Dominant
hand

Right
Right
Right
Right
Right
Right
Right
Right

Right

Alnot's
Fracture
Classification

3a

2a

2b

2b

2a

2b

2a

2a

3a

Lateral intrascaphoid angle

52°
50°
48°
46°
48°
52°
46°
48°
54°

Linear pseudarthrosis

Slight bone resorption no displacement

Slade and
Geisler
Classification

Grade 3

Grade 2

Grade 3

Grade 3

Grade 2

Grade 2

Grade 2

Grade 2

Grade 2

Ligament
injury

SL Grade 2*

SL Grade 1*

SL Grade 2*
TFCC 1A*

SL Grade 2*
TFCC 1A

SL Grade 2*

SL Grade 2*

SL Grade 2*

SL Grade 1*

SL Grade 1*

Location

Proximal
1/3

Proximal
1/3
Proximal
1/3
Proximal
1/3
Middle
1/3
Middle
1/3
Proximal
1/3
Middle
1/3

Proximal
1/3

Radiolunat angle

g°
14°
g

12°
14°
1°
12°
14°
12°

Unstable Pseudoarthrosis, Palmar flexion and adaptive DISI, Palmar bone loss

Unstable pseudarthrosis, Palmar bone loss, Radioscaphoid arthritis

Radiocarpal arthritis

Table 3b: Scaphoid nonunion classification according to Slade and Geissler

Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

Late diagnosed acute fractures

Non-union with fibrous union

Non-unions that do not develop deformity but have a gap <1 mm

Non-unions with cystic changes (1-5 mm)

The type in which deformity develops and structural bone graft is required

Point
bleeding

D+/P-
D+/P+
D+/P-
D+/P-
D+/P+
D+/P+
D+/P+
D+/P+

D+/P+
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Scaphoid serial radiographs and CT images were used for
evaluation of the postoperative time to union. In the clinical
measurement evaluation, the pre and postoperative visual
analog scale (VAS) (0=no pain, 10= the worst pain), Mayo wrist
score (MWS), and the disability of the arm shoulder and hand
(DASH) scores were used. The total wrist flexion-extension range
was measured with a goniometer preoperatively and in the
postoperative follow-up period in both the operated wrist and
the non-operated wrist, and the values were recorded. The grip
strength of both hands was measured with a JAMA hydraulic
dynamometer (Asimov Engineering, Los Angeles, CA, USA).

Table 4: Bad prognostic factors

Proximal pole  Proximal pole

>5 year non- Story of failed

Statistical Analysis

Data obtained in the study were analyzed statistically
using SPSS for Windows vn. 20.0 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were stated as mean + standard deviation
values for continuous data showing normal distribution and
as median (minimum-maximum) values for data not showing
normal distribution. Categorical variables were stated as number
(n) and percentage (%).

Chronic Bad prognostic

Patient no fracture AVN union surgery Smoking disease factors Union time
1 Yes Yes Yes No Yes No +4 Non-union
2 Yes No No No No No +1 5 weeks

3 Yes Yes No No Yes No +3 Non-union
4 Yes Yes No No Yes No +3 Non-union
5 No No Yes No Yes No +2 10 weeks

6 No No No No No No 0 9 weeks

7 Yes No No No No No +1 8 weeks

8 No No No No Yes No +1 8 weeks

9 Yes No No No Yes No +2 11 weeks

AVN: Avascular necrosis

Figure 1: A) Arthroscopic image of scaphoid non-union, B) Debridement of fibrous tissue at the non-union line, C) Spot hemorrhages showing that we
have reached the living bone tissue in the debridement procedure, D) Placing the cancellous graft taken from the iliac orest into the cavity, E) Tisseel
[(Greenplast Kit, Green Cross) on the graft, Yongin Korea] tightening procedure, F) AP direct X-ray showing the stabilization of the fracture fragments

and midcarpal (scacocapitate) with 3 K-wires, G) lateral direct X-ray
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Evaluation was made of 9 patients, comprising 7 males and
2 females with a mean age of 31 years (range, 20-45 years).
When the cause of trauma was questioned retrospectively, the
fracture was caused by a fall in 8 patients and as a result of
assault in 1 patient. The mean time from trauma to operation
was 56.5 months (range, 6-252 months). The postoperative
follow-up period in our clinic was mean 22.5 months (range,

17-30 months). According to the Alnot fracture classification
system, type 2A non-union was observed in 4 patients, type 2B
in 3, and type 3A in 2. Union in the scaphoid was observed in 6
patients and this method was not successful in 3 patients. No
complications related to arthroscopy were seen in any patient.

Radiologically, the time to union was mean 8.5 weeks (range,
5-10 weeks). The mean VAS score decreased from preoperative
mean 6.5 (range, 1-10) to 1.7 (range, 1-3) at the final follow-
up examination. In the scoring applied for the functional

Figure 2: A) Radiographic images showing the bone bridges in the 10" week postoperatively in the middle 1/3 of the scaphoid bone A) AP radiograph
B) AP radiograph in ulnar deviation, C) Lateral X-ray, D) CT image in the coronal plane, E) CT image in the sagittal plane, F) CT image in the axial plane

CT: Computed tomography

Table 5: Postoperative clinical and radiological results of the patients

. Grip
Patient Preop Postop strength
no VAS VAS DASH MWS g

(kg)
1 3 2 0 (Perfect) 95 (Perfect)  36.5
2 9 1 0 (Perfect) 85 (Good) 33
3 6 2 6.25 (Good) 85 (Good) 345
4 7 6.25 (Good) 85 (Good) 335
25
0 2 L (Satisfactory) 85 (Good) &
6 7 1 10 (Good) 95 (Perfect) 35
33.3 70
/ J L (Satisfactory) (Satisfactory) &7
32.5 75
8 10 3 (Satisfactory) (Satisfactory) 36.5
20 75
o L 2 (Satisfactory) (Satisfactory) e

Preoperative postoperative Contralateral

Eg:gtior?al flexion- flexion- flexion- g[eop EEStOp
(ka) 9P extension extension arc  extension anale  andle
9 arc (degree) (degree) arc (degree) 9 9
455 80 95 140 51 43
42 75 110 135 37 46
44 85 100 135 50 57
40 80 105 130 28 48
38.5 85 100 135 35 44
48 80 105 140 70 57
475 90 110 135 35 40
44.5 80 95 130 51 55
45 75 90 140 52 50

DASH: Disabilities of the arm, shoulder and hand, MWS: Mayo modified wrist score, SL: Scapholunate ligament, VAS: Visual analogue scale
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evaluation, the mean MWS was 83.5 (range, 75-95), with 2
patients evaluated as excellent, 4 as good, and 3 as satisfactory.
In the DASH evaluation, the mean value of all the patients was
15 (range, 0-33.5), with the results evaluated as excellent in 2
patients, good in 3, and satisfactory in 4 (Table 5).

The wrist flexion-extension range of the patients was
measured as mean 81° (range, 75-90°) preoperatively, and
mean 101° (range, 90-110°) postoperatively. A 20° increase was
obtained in the wrist flexion-extension range. This range of
movement was up to 75% of the contralateral side, which was
measured as mean 135° (range, 130-140°). The grip strength
value of the patients was measured as mean 35 kg (range, 33-
37 kg). This value was 78% of the contralateral, non-operated
side value, which was measured as 45 kg (range, 42-48 kg). The
SL angle measured on direct radiographs was mean 45° (range,
28-70°) preoperatively, and 49° (range, 40-57°) in the early
postoperative period (Table 5).

Many surgical treatment methods have been described
for scaphoid non-union, but as yet no ideal surgical method
has been developed for all non-unions (11). The advantage
of open surgery methods is that reduction is easily obtained
with direct visualisation of the region of non-union. However,
opening the joint capsule causes disruption to the blood flow
of the scaphoid. This method lost popularity because of the
decrease in scaphoid vascularity with open reduction and this
has driven surgeons to develop new methods (6). One of these
is the arthroscopy-assisted percutaneous minimally invasive
surgery method, which has become increasingly used in recent
years (12). The advantages of this surgical technique are that
open capsulotomy is not performed, the weak blood flow of
the scaphoid is preserved, and the carpal ligaments are not
damaged (13,14). Preservation of the scaphoid vascularity
provides more rapid and better bone healing compared to open
surgery (4,10). In literature, this method has been reported to
have been applied in cases of non-union of distal third, mid-
third, and proximal third fractures together with acute fractures
(15,16). In the current study, the factors affecting the success
of this method were examined by evaluating the postoperative
clinical results of 9 patients applied with percutaneous K-wire
fixation using arthrosccopy-assisted cancellous bone grafting.

In a study by Slade and Gillon (4) arthroscopy-assisted
percutaneous minimally invasive surgery was performed on
234 patients, and the time to union in acute scaphoid fractures
was seen to be shorter than in cases operated on because of
non-union. It has been reported that there is a higher risk of
avascular necrosis development in proximal third fractures in
particular and there could be non-union (2,16,17). Inoue et al.
(18) examined the factors affecting prognosis in scaphoid non-
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union and showed that vascularisation of the proximal fragment,
instability, and delayed surgery were associated with non-union.
In the current study, the time to union was mean 8.5 weeks,
which was consistent with the literature (19). In the 3 patients
of the current study where union was not obtained, the fracture
region was in the proximal third. In one case the operation was
21 years after the time of the fracture. Vascularised bone graft
can be considered a good alternative in delayed operations for
scaphoid non-union with impaired vascularity. Microvascular
bone grafts both transferred free and with pedicle have been
used successfully in the treatment of scaphoid non-union (20).
In cases where points of bleeding cannot be obtained from the
proximal bone, it may be logical to prefer vascularised bone
operations.

In the arthroscopy-assisted percutaneous minimally invasive
surgery technique, fixation of the scaphoid bone is extremely
important. This fixation is usually made with headless screws and
sometimes with K-wires (21). The tightening force of a headless
screw on the fracture line is significantly greater than that of a
K-wire. Moreover, it is not necessary to remove a headless screw
and it can remain in the bone for longer than a K-wire (17).
Close to 100% bone healing has been reported in literature in
stabilisations made with K-wires using corticocancellous bone
graft (5,22). The use of these wires has been shown not to affect
the blood flow of the bone and to have a positive effect on
healing (23). In addition, K-wires cause less bone loss than screws
and preserve the biology (23). However, it has also been shown
that compared with screws, K-wires can only create tightening
of the fracture line of up to a third of the force exerted by a
screw (24). Placement of K-wires passing through the centre of
the scaphoid reduces the bending and shear forces loaded onto
the scaphoid. If it is wished to reduce the effects of these forces
on the fracture line, the K-wire can be placed to pass from the
scaphoid to the adjacent carpal bones (lunate, capitate) (Figure
3) (25). In this way, the fixation also provides better stabilisation
(5,25). Especially in proximal third fractures of the scaphoid,
the tension over the K-wires increases greatly and the fracture
line is exposed to greater bending and shear forces. The fixation
of these fractures is more difficult compared to other regions.
Therefore, in these types of fractures, by adding scaphocapitate
fixation with K-wires, the midcarpal joint is locked, and these
wires are embedded subcutaneously, then removed at 6-8
weeks (Figure 4) (17,26). In the current study, the K-wires were
removed from all the patients in the 8" week. This 8-week
period may be shorter than the period needed for healing of
the scaphoid bone. In a study by Wong and Ho (27), a union rate
of 919 (62/68) was obtained with this method, and the mean
radiographic time to union was reported to be 12 weeks. In 2
of the 3 patients where union was not obtained in the current
study, the midcarpal locking procedure with the K-wire was not
applied. This can be considered to have caused increased tension
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over the K-wires and have exposed the fracture line to strong
bending and shear forces. In the cases where healing was not
obtained, micro-movement formed in the fracture line had a
negative effect on scaphoid union (Figure 5).

Other poor prognostic signs of scaphoid non-union include
the presence of the fracture in the proximal region, the

observation of avascular necrosis during surgery in the proximal
region, a history of unsuccessful surgery, non-union lasting for
longer than 5 years, smoking, and an accompanying chronic
disease (9).

When the functional scores of the current study patients
were compared with those of open surgery in literature, it

Figure 3: K-wire fixation radiographs between the scaphoid fracture ends and the scapholunate joint in the early postoperative period of the patient
who was operated for non-union in the middle 1/3 of the scaphoid bone A) AP X-ray, B) AP X-ray in the ulnar deviation, C) Lateral X-ray

Figure 4: Early postoperative radiographs of the patient who was operated for non-union in the proximal 1/3 of the scaphoid bone. Fixation with
K-wire between the scaphoid fracture ends and in the scacocapitate joint A) AP X-ray, B) AP X-ray in ulnar deviation, C) Lateral X-ray

Figure 5: Non-union in the proximal 1/3 of the scaphoid bone A) AP X-ray, B) AP X-ray in ulnar deviation, C) Lateral X-ray
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was seen that better wrist function was obtained with
arthroscopy-assisted repair of scaphoid non-union than with
open surgery (3,28). In a study by Lamon et al. (29), the pain
scores fell from 7 preoperatively to 1 postoperatively, and
postoperative grip strength was seen to have reached 83%
of the non-operated side. Similarly in the current study, the
pain scores of the patients significantly decreased compared
to the values in the preoperative period, and the mean VAS
score was 1.7 postoperatively. The wrist flexion-extenson
range of the patients showed a 20° increase after surgery,
and the postoperative grip strength reached 79% of the
non-operated side. These results suggest that with minimally
invasive surgery, less joint stiffness developed and rapid bone
healing was due to better preservation of the scaphoid blood
flow compared to open surgery.

Study Limitations

There were some limitations to this study, primarily that it
was retrospective in design and was conducted with a small
patient group. In addition, the MWS and DASH scores were
not evaluated preoperatively. Finally, only direct radiographs
and CT images were used for the measurement of avascular
necrosis, and MRIs, which are more sensitive and specific,
could not be included as they were not available for all the
patients. Nevertheless, this study can be considered of value
in drawing attention to the factors for success in the surgical
technique of arthroscopy-assisted percutaneous K-wire
fixation using bone grafting in the treatment of scaphoid
non-union.

Arthroscopy-assisted percutaneous K-wire fixation using
autologous bone graft is an extremely effective treatment
method for scaphoid non-union. However, the main reasons
for failure are not observing bleeding points in the fracture
ends with debridement of the non-union area and removal of
the fixation made with K-wires after 8 weeks with a second
operation. The use of headless screws instead of K-wires in this
technique may increase the rates of surgical success.
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