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Candida (Candidozyma) Auris: Kolonizasyondan invaziv

Enfeksiyona Giden Siire¢

Candida (Candidozyma) Auris: From Colonization to Invasive

Disease

® Burcu ACIKALIN ARIKAN, ® Nurbanu SEZAK

Demokrasi Universitesi Buca Seyfi Demirsoy Egitim ve Arastirma Hastanesi, Enfeksiyon Hastaliklari ve Klinik Mikrobiyoloji Klinigi,

Anabilim Dali, Tarkiye

Auf: Acikalin Arikan B, Sezak N. Candida (Candidozyma) auris: from colonization to invasive disease. Forbes J Med. 2025;6(2):97-102

oz

Guntmuzde saglik kuruluslarinda Candidozyma auris (C. auris) enfeksiyonlari, diren¢ ve dnlenmesi
giic capraz bulas riski nedeniyle endise edici hale gelmistir. Ulkemizde de 2021 yilindan itibaren bircok
ilde C. auris enfeksiyonlari ve salginlari bildirilmeye baslanmistir. Hastadan hastaya ¢ok hizli yayilim
gbsteren bu Candida turU, antifungallere direncli olmasi nedeni ile de kontrol altina alinmasi zor bir
saglik bakimi iliskili enfeksiyon olarak karsimiza gikmaktadir. Uzun sire antibiyotik kullanan, santral
ve periferik vaskuler kateter gibi etkenin kolonize olup kolayca tutunabilecegi cihazlarla takip edilen,
ileri yas, cerrahi girisim geciren, immunsupresif hastalarda kolayca kolonize olup enfeksiyona sebep
olmaktadir. Yapilan calismalarda, kolonizasyonun aylarca ve yillarca devam edebildigi bildirilmektedir.
Kan dolasimi enfeksiyonlari, miyokardit, cerrahi alan enfeksiyonu, yanik enfeksiyonlari, kateter yerinde
apse, otit, menenijit, kemik eklem enfeksiyonlari gibi bircok enfeksiyona sebep olabilmektedir. Enfekte
veya kolonize hastalarin mimkun oldugunca tek kisilik odalarda izlenmesi, hastaya, hasta yakinlarina ve
saglik personellerine el hijyeni ve izolasyon énlemleri ile ilgili egitim verilmesi gerekmektedir.

Anahtar Kelimeler: Candida, Candidozyma auris, antifungal direng, c¢oklu ilaca direncli mantarlar,
enfeksiyon kontroli

ABSTRACT

Currently, Candida auris (C. auris) (infections in healthcare settings have become increasingly
concerning due to their antifungal resistance and the difficulties associated with preventing cross-
contamination. Since 2021, C. auris cases and outbreaks have been reported in several provinces across
our country. This rapidly spreading Candida species represents a healthcare-associated infection that is
particularly challenging to control due to its resistance profile. It easily colonizes and causes infections
in patients with prolonged antibiotic use, those with indwelling devices such as central and peripheral
vascular catheters that facilitate colonization and adherence, elderly individuals, surgical patients, and
immunosuppressed individuals. Studies have shown that colonization can persist for months or even
years. C. auris may lead to a variety of infections, including bloodstream infections, myocarditis, surgical
site infections, burn wound infections, catheter site abscesses, otitis, meningitis, and bone and joint
infections. Whenever possible, infected or colonized patients should be cared for in single-occupancy
rooms, and education on hand hygiene and isolation precautions should be provided to patients, their
families, and healthcare workers.

Keywords: Candida, Candidozyma auris, antifungal resistance, multidrug-resistant fungi, infection
control
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GIRiS

Kandida turlerinin etken oldugu ciddi enfeksiyonlarin
gorilme orani son yillarda giderek artmaktadir. Ozellikle
saglik bakimi iliskili enfeksiyonlar arasinda 6nemli bir
yere sahip olan invaziv kandidiyaz, basta yogun bakim
Unitelerinde izlenenler olmak tzere bagisiklig baskilanmis
hastalar icin ciddi bir morbidite ve mortalite nedenidir. Bu
durumun hem modern saglik hizmetlerinin basarisi hem
de karmasikligiyla dogrudan iliskili oldugunu sdylemek
mUmkinduir. Uzun slreli ve genis spektrumlu antibiyotik
kullanimi, hastanede yatis stresinin uzamasi, invaziv cihaz
kullaniminin artmasi, parenteral beslenme gibi faktorler
hem mukoza bariyerlerini bozmakta hem de bakteriyel
florayr baskilayarak kandideminin gelisimine zemin
hazirlamaktadir’Hematolojik maligniteler, solid organ nakli,
kanser kemoterapisi ve insan bagisiklik yetmezligi virtsi/
edinilmis bagisiklik yetmezligi sendromu gibi bagisiklig
baskilanmis hasta poptlasyonu, prematir yenidoganlar
ve kronik hastaliklari bulunan cocuklar da giderek artan
oranda dissemine kandidiyaz gelisimi icin risk altindadir?

Son yillarda ortaya ¢ikan Candidozyma auris (C. auris) gibi
coklu antifungal direng gosteren turler, bu artisi daha da
karmasik hale getirmistir. C. auris, hem gevresel direng hem
de antifungal ajanlara karsi toleransi nedeniyle salginlara
neden olabilmekte, geleneksel enfeksiyon kontrol
onlemleriyle elimine edilmesi zor olmaktadir? Bu nedenle
yalnizca bireysel degil, kurumsal duzeyde saglik hizmeti
sunumunu tehdit etmektedir. Tani ydntemlerinde yasanan
teknolojik gelismeler sayesinde daha dnce taninamayan ya
dayanlis siniflandirilan Candida turleri artik dogru bicimde
tanimlanabilmektedir. Matrix yardimli lazer desorpsiyon/
iyonizasyon-ucus zamanli kutle spektrometrisi (MALDI-
TOF MS), polimeraz zincir reaksiyonu (PZR) tabanli
teknikler ve yeni nesil sekanslama yontemleri, dissemine
kandidiyaz olgularinin daha fazla taninmasina olanak
saglamistir.* Bu durum bildirilen olgu sayilarinda artisa yol
acsa da ayni zamanda klinik farkindaligin da ytkseldigini
gostermektedir.

invaziv Candida enfeksiyonlarindaki artis  yalnizca
mikroorganizmanin  biyolojik  &zelliklerinden  degil,
ayni zamanda modern tibbin uygulamalari, demografik
gecisler ve kuresel saglik sistemlerinin dinamiklerinden
kaynaklanan ¢ok boyutlu birsorundur.Budurum, enfeksiyon
kontrol dnlemlerinin gliclendirilmesini, antifungal tedavi
protokollerinin yeniden gdzden gecirilmesini ve hastane
ici sUrveyansin etkin bir sekilde yudrattlmesini zorunlu
kilmaktadir®

Gunimuzde saglik kuruluslarinda C. auris enfeksiyonlari,
direng ve onlenmesi gl capraz bulas riski nedeniyle
endise edici hale gelmistir? Candida haemulonii
kompleksi icerisinde yer alan C. auris, ilk olarak 2007

98

yilinda Japonya’'da bir hastanin dis kulak yolu akintisindan
izole edilmis, 2009 yilinda tanimlanmis ve latincede kulak
anlamina gelen “auris” olarak isimlendirilmistir.* Daha sonra
bircok kitada ve llkede C. auris invaziv enfeksiyonlar
ve salginlari bildirilmistir>¢ Ulkemizde de 2021 yilindan
itibaren bircok ilde C. auris enfeksiyonlari ve salginlari
bildirilmeye baslanmistir” Cok hizli yayilim gosteren
bu candida turd, antifungallere direncli olmasi nedeni
ile de kontrol altina alinimi zor olan bir saglik bakimi
iliskili enfeksiyon olarak karsimiza ¢ikmaktadir®'© Bu
derlemede Candida auris yerine Candidozyma auris ismi
kullanilacak olup, C. auris mikrobiyolojisi, epidemiyolojisi,
kolonizasyonu, enfeksiyonlari, tanisi, tedavisi ve dnleme
yaklasimlari anlatilacaktir.

Mikroorganizmanin 6zellikleri

C. auris ilk kesfedildiginde Candida auris olarak
isimlendirilmis olup, Candida cinsine ait bir maya taru
olarak tanimlanmistir. ilk olarak Japonya'da bir hastanin
dis kulak yolundan izole edildigi icin bu ismi almistir3 C.
auris tek, cift veya grup halinde olabilen hicrelere sahip
tomurcuklanan bir mayadir. Hucreler oval, elipsoidal
ve 2,5-5,0 mikron boyutundadir. C. auris nadiren hif
veya psodohif olusturur ancak germ tup olusturmaz.!
Maya genomik deoksiribonukleik asit analizi, Candida
ruelliae, Candida haemulonii, C. duobushaemulonii ve C.
pseudohaemulonii'ye yakin filogenetik profillere sahip farkli
bir tur oldugunu goéstermistir.? C. auris enfeksiyonlariyla
iliskili virGilans faktorleri tam olarak anlasilamamis olmasina
ragmen birkag virllans stratejisi bildirilmektedir. Candida
turlerinde biyofilm olusumu énemli bir virulans faktérudar
ancak C. auris'in biyofilm tretimi C. albicans’a gére daha
dustktdr. Ancak yine de ylzeylere yapisma yetenegi
gosterir. C. auris'in enfeksiyona neden olmak icin kullandigi
basarili stratejiler arasinda Urettigi enzimler ile ndétrofil
saldirisindan kagma ve yaygin olarak kullanilan antifungal
ilaglarla tedaviye direnme yetenegi yer almaktadir. Dogal
immuniteden diger Candida turlerine kiyasla daha kolay
kacabilir.®!

Epidemiyolojisi

C. auris enfeksiyonlari ve salginlari 2009 yilinda
Japonya'da izole edildigi andan itibaren artarak farkl
Ulkelerden bildirilmeye devam etmektedir. 2013 yilina
gelindiginde C. auris Hindistan, Glney Kore, Glney
Afrika ve Venezuela'da tanimlanmis ve o zamandan beri
kuresel olarak yayilmistir?™ Turkiye'de de 2021 yilindan
itibaren bircok ilde C. auris enfeksiyonlari ve salginlari
bildirilmeye baslanmistir®1° 2023 yilinda sadece Amerika
Birlesik Devletlerinde 4514 yeni olgu bildirilmistir.'* Etken,
Diinya Saglik Orgti tarafindan kritik &ncelik grubunda
siniflandirilmis ve bir hastaneye bir kez yerlestikten sonra



eliminasyonunun neredeyseimkansizoldugu belirtilmistir.”
Etkenin tanimlanmasindan sonraki ilk yillarda sporadik
olgu bildirimleri yayinlanirken ginimuizde bu durum
sekil degistirmis ve hastane ici salginlar bildirilmeye
baslanmistir’®  Turkiye Cumhuriyeti Saglik Bakanlig
tarafindan yayinlanan 1 Eyltl-31 Kasim 2024 tarihleri
arasindaki surveyans verilerine gore 116 hastaneden, 237'si
Saglik hizmeti iliskili enfeksiyon (SHIE), 278 SHIE disi
olmak Uzere toplam 515 C. auris enfeksiyonu bildirimi
yapilmistir. En ¢ok bildirim yapan hastaneler, egitim ve
arastirma hastaneleri ile devlet hastaneleridir. Bildirimler
en cok istanbul ilinden, ardindan Ankara ve Adana’dan
yapilmistir. Ulkemizde enfeksiyon bildirimlerinin saglikli
ve guvenilir olabilmesi icin her hastanede tani koyma
kapasitelerinin glglendirilmesi ve surveyansin eksiksiz
yapilmasi gerekmektedir.”

Kontaminasyon, Kolonizasyon ve Enfeksiyon

C. auris tlrlnun, insan patojeni olarak ortaya ¢ikmadan
once dogada var oldugu varsayilmaktadir. Sulak alanlarda,
denizler ve nehirlerde aylarca kalabildigi, su ile temasi
olan plastik ve cam yuzeylerde biyofilm olusturarak
uzun sureler kolonize olabildigi bilinmektedir. Cevre
kosullarina ve dezenfektanlara direncli yapisi, hastanede
kullanilan ekipmanlar ve cevresel ylzey kontaminasyonu
araciligl ile hastadan hastaya hizla yayilmasina sebep
olur'®2° Eldivenler, onlukler, hasta monitorleri, tansiyon
aleti mansonlari, pansuman arabalari ve yataklar ytzey
kolonizasyonunun en sik goraldugu yerlerdir20?

Uzun slre antibiyotik kullanan, santral ve periferik
kateter gibi etkenin kolonize olup kolayca tutunabilecegi
cihazlarla takip edilen, ileri yas, cerrahi girisim geciren,
imminosUpresif hastalarda kolayca kolonize olup
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enfeksiyona sebep olmaktadir. Ozellikle aksilla ve kasik
derisinde kolonizasyonu olan hastalar bulas kaynagidir.
Maruziyetten birkag saat sonra kolonizasyon olusabilmekte
ve aylarca devam edebilmektedir. C. auris, vicudun tim
bosluklarindan, sivilarindan, deriden (6zellikle aksiller
bolge ve kasik bolgesi), tim organlarindan izole edilmistir.
Deri, Urogenital bolge ve solunum yolu sekresyonlarinin
kalturlerindeki Uremeler, 6ncelikle kolonizasyon lehine

degerlendirilmelidir. Diger tium etkenlerde oldugu
gibi, kolonizasyon, enfeksiyon gelisiminin &ncualudur.
Calismalarda, kolonize olan hastalarin  %18-25inde

enfeksiyon gelisebildigi bildirilmektedir. Birden fazla
bolgede kolonizasyonu olan hastalarda enfeksiyon gelisme
riski daha fazladir?2* En sik kan dolasimi enfeksiyonlari,
miyokardit, cerrahi alan enfeksiyonu, yanik enfeksiyonlari,
kateter yerinde apse gelisimi, otit, menenjit, kemik eklem
enfeksiyonlari gelistigi  bildirilmistir34192526 Uzun sire
hastane yatisi olan, antibiyoterapiyle yanit alinamayan
diyabetik ayak enfeksiyonlarinda da etken akla gelmelidir.'
C. auris enfeksiyonlari ile iliskili risk faktorleri Tablo 1'de
Ozetlenmistir?* Etkenin C. auris oldugu enfeksiyonlarda
mortalite oraninin %39 civarinda oldugu ancak kandidemi
gelismesi durumunda riskin artarak %45 oldugu
bildirilmektedir?

Etkenin Tanimlanmasi ve Degerlendirilmesi

Aksilla, kasik, dis kulak gibi florasi olan vicut bdlgelerinden
surtintt seklinde alinan numunelerde etken saptanmasi,
oncelikle kolonizasyon lehine diistiintlmelidir. Enfeksiyonu
destekleyen bulgular oldugunda alinan ve steril vicut
bolgeleri ya da steril vicut sivilarindan aspirasyon
yontemiyle alinan kultirlerde etken izole edildiginde
enfeksiyon olarak degerlendirilmelidir.’®2

Tablo 1. Candidozyma auris enfeksiyonlari ile iligkili risk faktorleri?

Risk faktorleri

Aciklama

Santral vendz kateter varlig

Vaskduler giris yolu enfeksiyon riskini artirir

Kalici idrar kateteri

Kolonizasyon riski ve idrar yolu enfeksiyonu gelisim riski artar

immainstpresif durum

HIV, hematolojik malignite, solid timo&r, transplantasyon, nétropeni,
kemoterapi, kortikosteroid kullanimi

Diyabetes mellitus

Bagisikligin baskilanmasiyla enfeksiyon gelisim riski artar

Kronik boébrek hastaligi

Enfeksiyona yatkinlik artisi

Genis spektrumlu antibiyotik/antifungal maruziyeti

Direngli organizmalarin secilimini artirir

Eslik eden bakteriyemi veya kandiduri

ikincil enfeksiyonlar ve yayilim riski artar

Parenteral beslenme

Kontaminasyon gelisimi ve enfeksiyon gelisim riski artar

Kan transflizyonu

Bagisiklik sistemi etkilenimi ve enfeksiyon riski artar

Hemodiyaliz

Kateter ve cihaz kaynakli enfeksiyon riski artar

Otuz gln icinde ameliyat

Cerrahi girisimler sonrasi enfeksiyon riski artar

Yogun bakim Unitesine kabul

Yogun invaziv girisimler ve diren¢li mikroorganizma maruziyeti artar

HIV: insan bagisiklik yetmezligi virtsi
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Ticari olarak renklendirici maddeler eklenmis kati
besiyerlerinde, C. auris kolonileri genellikle beyaz veya
pembe gorunir, ancak bazi koloniler kirmizi veya mor
gorunebilir. Etkenin in vitro kosullarda Uretilebilmesi igin
idealinkUbasyon sicakligi 40-42 °C'dir. Otomatize kan kulturd
sistemlerinde Candida turlerinin buylmesi genellikle 1-3 glin
strer ve agar besiyerine ekim yapildiktan sonra tanimlama
icin 1-2 glin daha gerekir. Tanimlama igin geleneksel fenotipik
yontemler veya yari otomatize sistemler kullanildiginda, tur
duzeyinde tanimlamalarda hatalar olabilir. Bu yéntemler
arasinda VITEK 2 YST, APl 20C, BD Phoenix maya
tanimlama sistemi ve MicroScan bulunur. Bu ydntemlerle,
C. auris, yanlis olarak, C. catenulata, C. haemulonii, C.
duobushaemuloniive C. sake olarak tanimlanabilir. Tablo
2'de C. qurisin yanlis tanimlanabilecegi organizmalar ve
tanimlanma yéntemi verilmistir® En dogru tanimlama, veri
tabanina C. auris eklenmis olan MALDI-TOF MS yéntemiyle
yapilir. PZR gibi molekuler yontemler de tanimlama igin
onerilmektedir.28-3°

Tarama ve Siirveyans

Hastalik kontrol ve dnleme merkezi, ilk olgu tanimlandiktan
sonra kolonizasyoniginrisklihastalarinsaglik kuruluslarinda
taranmasini dnermektedir. Tarama icin iki tarafli aksilla
ve kasik bolgelerinden alinacak deri strinttlerinden
ekim yapilmalidir. Alinan 6rneklerden etkenin tespiti icin
PZR ya da MALDI-TOF MS yéntemlerinin kullanilmasi
onerilmektedir. C. auris ile kolonize veya enfekte hastaya
bakim veren saglik personeli tarafindan bakim alan, ayni
oday! veya ayni Uniteyi paylasan diger hastalar, temizlik
ve dezenfeksiyon konusunda endise duyulan tibbi cihaz
ile temasi olanlar kolonizasyon yéninden taranmalidir.
Etkenin endemik oldugu saglik kurumlarindan gelen
hastalarin da taranmasi Onerilmektedir. Kolonizasyon
saptanan hastalarin tedavi almasi 6nerilmemektedir. Bu

Tablo 2. Candida auris tanimlanma ydntemi ve yanlis
tanimlandigi organizmalar®°

Tanimlanma yéntemi Yanlis tanimlandigi organizma

Candida haemulonii

Vitek 2YST Candida duobushaemulonii
Rhodotorula glutinis
API20C Candida sake
Candida intermedia
APIID 32C Candida sake

Saccharomyces kluyveri

Candida haemulonii
Candida catenulata

BD Phoenix yeast
identification system

Candida famata
Candida guilliermondii
Candida lusitaniae
Candida parapsilosis

MicroScan

RapID™ YEAST PLUS Candida parapsilosis
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hastalar, taburcu olana kadar temas izolasyon onlemleri
altinda izlenmelidir. Yapilan ¢alismalarda, kolonizasyonun
aylarca ve yillarca devam edebildigi bildirilmekte bu
nedenle tekrarlayan kultirlerle kolonizasyon durumunun
takibi veya izolasyonun sonlandirilmasi konularinda net bir
yaklasim ve 6neri yoktur.20213!

Tedavi ve Antifungal Direng

C. auris'i diger Candida turlerinden ayiran ve klinisyenleri
zorlayan en o&nemli ozelligi, antifungal ilaclara olan
direncidir. En yuksek direng sirasiyla flukonazole (%87-
100) ve amfoterisin B'ye (%8-35) karsi bildirilmistir273233
Direncin en az oldugu ilag grubu ekinokandinlerdir. Bu
nedenle gelisen enfeksiyonun tedavisinde ilk secenek,
ekinokandinlerdir (anidulafungin, kaspofungin, mikafungin).
Etken saptandiginda antifungal duyarlilik testi yapilmasi
onerilmektedir. Hastanin 6nceki antifungal maruziyet
OykusU etkenin direng durumunu etkileyebilecegi gibi,
tedavinin seyri sirasinda da direng gelisimi gézlenmistir.
Bu sebeple tedavi O6ncesi antifungal duyarlilik testleri
gorulmeli, tedavi yanitinin alinamadigi durumlarda da
tekrarlanmalidir. Literatlrde, giderek artan oranlarda
ekinokandin direnci bildirilmektedir. Yapilan calismalarda
%0-8 oraninda ekinokandin direnci bildirilmistir. Hindistan
ve Kuveyt'te ekinokandine direncli olgu sayilari giderek
artmaktadir343> Ekinokandin direnci saptandiginda veya

tedavi altinda besinci ginden itibaren ekinokandin
tedavisine yanit alinamadigi durumlarda lipozomal
amfoterisin B tedavisi verilmesi 6nerilmektedir.?’323

Giderek artan ekinokandin direncleri yeni tedavi rejimleri
icin ileri calismalarin gerekliligini arttirmis olup arastirilan
molektllerden biri de farnesoldur. Yapilan calismalarda
farnesoliin C. aurisin efluks pompalari ve biyofilm yapisi
Uzerine etkinligi gosterilmistir3¢ Farnesol monoterapisinin
veya flukonazol ile kombinasyonunun gelecek icin umut
verici tedavi stratejileri olabilecegi yoéninde veriler
mevcuttur3s¥ ilac direnci devam ettigi siirece yeni
antifungal stratejileri konusunda calismalara ihtiyag var
gibi gérinmektedir.

Korunma ve Hijyen

Coklu ilaca direngli enfeksiyonlarda oldugu gibi C. auris
enfeksiyonlari icin de yayiimi 6nlemek icin alinacak
onlemler, standart temas izolasyon uygulamalarinin
etkin sekilde yapilmasi, el hijyeni kurallarina uyum,
cevresel dezenfeksiyonun uygun ve etkili Urlnler ile
saglanmasi, hasta transferi sirasinda hastanin durumunun
bildirilmesidir. Enfekte veya kolonize hastalarin mimkun
oldugunca tek kisilik odalarda izlenmesi, hastaya, hasta
yakinlarina ve saglik personellerine el hijyeni ve izolasyon
onlemleri ile ilgili egitim verilmesi gerekmektedir.
Kullanilan tibbi cihazlarin hastaya 6zgl ya da tek



kullanimlk olmasi gerekmektedir. Cevre temizligi icin
C. aurise karsi etkili ve Cevre Koruma Ajansi'na (EPA)
kayitli bir dezenfektan kullanilmasi &nerilmektedir.
Listede yer alan drUnlere ulasilamazsa, C. difficile
sporlarina karsi etkili EPA'ya kayitli bir dezenfektan
kullanabilecegini bildirilmektedir. Alkolli veya alkolstz
kuaterner amonyum bilesikleri iceren UrUnler yerine
perasetik asit bazli dezenfektanlar kullanilmalidir.
Ultrason problarinin hidrojen peroksit iceren mendillerle
temizlenmesi Onerilmektedir. Hastanedeki diger tibbi
cihazlarin veya yuUzeylerin dezenfeksiyonu icin alkol
bazli dezenfektanlarin kullanimina devam edilebilir. Bu
UrUnlere ek olarak ultraviyole isinlama ve buharlastirilmis
hidrojen peroksit de cevre temizligi icin kullanilabilir.
Ancak halihazirda bu uygulamalarin stresi ve uygulama
sikligi ile ilgili net veriler yoktur. Temizlik islemlerinde
kontaminasyonun sik oldugu hasta yatak baslari, yatak
yanlari, monitér ylzeyleri ve kablolarinin ayrintili olarak
temizlenmesine 6zen gosterilmelidir383?

Dipnotlar

Yazarlik Katkilari

Cerrahi ve Medikal Uygulama: B.A.A., N.S., Konsept: B.A.A.,
N.S., Dizayn: B.A.A., N.S,, Veri Toplama veya i§leme: B.AA,
Analiz veya Yorumlama: B.A.A., Literatir Arama: B.AA,,
N.S., Yazan: B.A.A.

Cikar Catismasi: Yazarlar bu makale ile ilgili olarak herhangi
bir ¢cikar ¢catismasi bildirmemistir.

Finansal Destek: Calismamizicin hicbir kurum ya da kisiden
finansal destek alinmamistir.

KAYNAKLAR

1. Pappas PG, Kauffman CA, Andes DR, et al. Clinical Practice
Guideline for the Management of Candidiasis: 2016 Update
by the Infectious Diseases Society of America. Clin Infect Dis.
2016;62:el-50.

2. Colombo AL, de Almeida Junior JN, Slavin MA, Chen SC, Sorrell
TC. Candida and invasive mould diseases in non-neutropenic
critically ill patients and patients with haematological cancer.
Lancet Infect Dis. 2017;17:e344-56.

3. Satoh K, Makimura K, Hasumi Y, Nishiyama Y, Uchida K,
Yamaguchi H. Candida auris sp. nov., a novel ascomycetous
yeast isolated from the external ear canal of an inpatient in a
Japanese hospital. Microbiol Immunol. 2009;53:41-4.

4. Lee WG, Shin JH, Uh Y, et al. First three reported cases of
nosocomial fungemia caused by Candida auris. J Clin Microbiol.
2011;49:3139-42.

5. Calvo B, Melo AS, Perozo-Mena A, et al. First report of Candida
auris in America: clinical and microbiological aspects of 18
episodes of candidemia. J Infect. 2016,73:369-74.

6. van Schalkwyk E, Mpembe RS, Thomas J, et al. Epidemiologic
shift in Candidemia driven by Candida auris, South Africa, 2016-
2017". Emerg Infect Dis. 2019;25:1698-1707.

ACIKALIN ARIKAN ve SEZAK. Candida (Candidozyma) Auris

7. Kurt AF, Kuskucu MA, Balkan Il, et al. Candida auris fungemia
and a local spread taken under control with infection control
measures: first report from Turkey. Indian J Med Microbiol.
2021;39:228-30.

8. Bolukbasl Y, Erkdse Geng G, Orhun G, et al. Turkiye'de ilk
COVID-19 pozitif Candida auris fungemi olgusu [First case of
COVID-19 positive Candida auris fungemia in Turkeyl. Mikrobiyol
Bul. 2021;55:648-55.

9. Kémec S, Karabicak N, Ceylan AN, Gulmez A, Ozalp O. Turkiye
istanbul'dan bildirilen ti¢ Candida auris olgusu [Three Candida
auris case reports from Istanbul, Turkeyl. Mikrobiyol Bul.
2021;55:452-60. Turkish.

10. Kulakli K, Arslan N, Giirsan O, Ozkiitiik A. izmir'den ilk Candida
auris izolasyonu: amputasyon ile sonuglanan polimikrobiyal
diyabetik ayak enfeksiyonu. Turk Mikrobiyol Cemiy Derg.
2023;53:47-54.

1. Munoz JF, Gade L, Chow NA, et al. Genomic insights into
multidrug-resistance, mating and virulence in Candida auris and
related emerging species. Nat Commun. 2018;9:5346

12. Chowdhary A, Sharma C, Duggal S, et al. New clonal strain of
Candida auris, Delhi, India. Emerg Infect Dis. 2013;19:1670-3.

13. Hernando-Ortiz A, Mateo E, Perez-Rodriguez A, de Groot
PWIJ, Quinddés G, Eraso E. Virulence of Candida auris from
different clinical origins in Caenorhabditis elegans and Galleria
mellonella host models. Virulence. 2021;12:1063-75.

14. Centers for Disease Control and Prevention. Tracking C. auris.
Son Erisim Tarihi: 25.07.2025. Erisim Linki: https://www.cdc.gov/
candida-auris/tracking-c-auris/index.html

15. Burki T. WHO publish fungal priority pathogens list. Lancet
Microbe. 2023;4:e74.

16. Eix EF, Nett JE. Candida auris: epidemiology and antifungal
strategy. Annu Rev Med. 2025,76:57-67.

17. T.C. Saglk Bakanligi Halk Sagligi Genel Muadurlugu. Saglik
hizmetlerinde Candida auris. 2025. Available from: https://
hsgm.saglik.gov.tr/depo/birimler/bulasici-hastaliklar-ve-erken-
uyari-db/Dokumanlar/Afisler-Brosurler/2025/Ek_Saglik_
Hizmetlerinde_C._auris.pdf

18. Chowdhary A, Sharma C, Meis JF. Candida auris: a rapidly
emerging cause of hospital-acquired multidrug-resistant fungal
infections globally. PLoS Pathog. 2017;13:e1006290.

19. Casadevall A, Kontoyiannis DP, Robert V. On the emergence of
Candida auris: climate change, azoles, swamps, and birds. mBio.
2019;10:e01397-19.

20. Akinbobola A, Kean R, Quilliam RS. Plastic pollution as a novel

reservoir for the environmental survival of the drug resistant
fungal pathogen Candida auris. Mar Pollut Bull. 2024;198:115841.

21. Harris A, Sansom SE, Hayden MK, et al. Risk factors for
contamination of healthcare personnel gloves and gown with
Candida auris (C. auris). OFID. 2025;12(Suppl 1):0fae631.1447.

22. Briano F,Magnasco L, Sepulcri C, et al. Candida auris Candidemia

in critically Ill, colonized patients: cumulative incidence and risk
factors. Infect Dis Ther. 2022:11:1149-60.

23. Schelenz S, Hagen F, Rhodes JL, et al. First hospital outbreak
of the globally emerging Candida auris in a European hospital.
Antimicrob Resist Infect Control. 2016;5:35.

24. Cortegiani A, Misseri G, Fasciana T, Giammanco A, Giarratano A,
Chowdhary A. Epidemiology, clinical characteristics, resistance,
and treatment of infections by Candida auris. J Intensive Care.
2018;6:69.

101



Forbes J Med 2025;6(2):97-102

25.

26.

27.

28.

29.

30.

31

32.

102

Sarma S, Upadhyay S. Current perspective on emergence,
diagnosis and drug resistance in Candida auris. Infect Drug
Resist. 2017;10:155-65.

Choi HI, An J, Hwang JJ, Moon SY, Son JS. Otomastoiditis caused
by Candida auris: case report and literature review. Mycoses.
2017,60:488-92.

ChenJ, Tian S, Han X, etal. Is the superbug fungus really so scary?
A systematic review and meta-analysis of global epidemiology
and mortality of Candida auris. BMC Infect Dis. 2020;20:827.

Zhang SX, Carroll KC, Lewis S, et al. Multicenter evaluation of a
PCR-based digital microfluidics and electrochemical detection
system for the rapid identification of 15 fungal pathogens directly
from positive blood cultures. J Clin Microbiol. 2020;58:e02096-
19.

Centers for Disease Control and Prevention. Identification of C.
auris. Son Erisim Tarihi: 25.07.2025. Erisim Linki:https://www.cdc.
gov/candida-auris/hcp/laboratories/identification-of-c-auris.
html

Centers for Disease Control and Prevention. Guidance for
detection of C. auris colonization. Son Erisim Tarihi: 25.07.2025.
Erisim Linki: https://www.cdc.gov/candida-auris/hcp/
laboratories/detection-colonization.html

Kim HY PhD, Nguyen TA MSc, et al. Candida auris-a systematic

review to inform the world health organization fungal priority
pathogens list. Med Mycol. 2024;62:myae042.

Centers for Disease Control and Prevention. Clinical treatment
of C. auris infections. Available from: https://www.cdc.gov/
candida-auris/hcp/clinical-care/index.html

33

34.

35.

36.

37.

38.

39.

Ahmad S, Khan Z, Al-Sweih N, Alfouzan W, Joseph L. Candida
auris in various hospitals across Kuwait and their susceptibility
and molecular basis of resistance to antifungal drugs. Mycoses.
2020;63:104-12.

Kordalewska M, Lee A, Park S, et al. Understanding echinocandin
resistance in the emerging pathogen Candida auris. Antimicrob
Agents Chemother. 2018;62:e00238-18.

Srivastava V, Ahmad A. Abrogation of pathogenic attributes
in drug resistant Candida auris strains by farnesol. PLoS One.
2020;15:e0233102.

Dekkerova J, Cernakova L, Kendra S, et al. Farnesol boosts the
antifungal effect of fluconazole and modulates resistance in
Candida auris through Regulation of the CDR1 and ERGI1 genes.
J Fungi (Basel). 2022;8:783.

Cernakova L, Roudbary M, Bras S, Tafaj S, Rodrigues CF. Candida
auris: a quick review on identification, current treatments, and
challenges. Int J Mol Sci. 2021;22:4470.

Aldejohann AM, Wiese-Posselt M, Gastmeier P, Kurzai O. Expert
recommendations for prevention and management of Candida
auris transmission. Mycoses. 2022;65:590-8.

Centers for Disease Control and Prevention. Infection Control
Guidance: Candida auris. Son Erisim Tarihi: 25.07.2025. Erisim
Linki: https://www.cdc.gov/candida-auris/hcp/infection-control/
index.html



DOI:10.4274/forbes.galenos.2025.23590
Forbes J Med 2025;6(2):103-12

Derleme / Review

TUKMOS'un Giincel Uygulamalar Cercevesinde Tiirkiye'de Tipta

Uzmanlik Egitiminin Mevcut Durumu

The Current State of Medical Specialty Training in Tiirkiye within the

Framework of Recent TUKMOS Practices

©® Murat DEMIRCIi!.2, ® Mehmet KOCA3, ® Ozlem COSKUN!

1Gazi Universitesi Tip Fakultesi, Tip Egitimi ve Bilisimi Anabilim Dali, Ankara, Turkiye

2Marmara Universitesi, Pendik Egitim ve Arastirma Hastanesi, Kardiyoloji Klinigi, istanbul, Turkiye

3T.C Saglik Bakanligl, Ankara, Turkiye

Atif: Demirci M, Koca M, Coskun O. The current state of medical specialty training in Turkiye within the framework of recent TUKMOS

practices. Forbes J Med. 2025;6(2):103-12

oz

Tipta Uzmanlik Kurulu Mufredat Olusturma Sistemi (TUKMOS), Turkiye'de uzmanlik egitiminin kalitesini
artirmak ve ulusal 6l¢ekte standardizasyonu saglamak amaciyla olusturulmustur. 2011 yilindan itibaren
zorunlu olan bu sistem, tip alaninda 88 uzmanlik dali i¢in ¢ekirdek mufredat gelistirmistir; bunlarin 43U
ana dal, 45'i ise yan dal uzmanlik branslarini kapsamaktadir. Bu derlemede, TUKMOS'un tarihsel gelisimi,
mufredat yapisi, uygulamadaki karsiliklari ve egitime olan etkileri degerlendirilmistir. Calisma, ilgili
literatiir ve glincel resmi belgeler esas alinarak hazirlanan bir geleneksel derlemedir. Klinik ve girisimsel
yetkinliklere yénelik 6grenim hedefleri tanimlanmistir. Ancak sahadaki bulgular, bu mifredatlarin tim
kurumlarda etkin sekilde uygulanamadigini géstermektedir. Egitimcilerin stirece yeterince katilmamasi,
o6lgme ve degerlendirme araclarinin sinirli kullanilmasi, dis rotasyonlardaki isleyis sorunlari ve bilimsel
arastirma egitimine yeterli nem verilmemesi, karsilasilan baslica sorunlardandir. TUKMOS'un zorunlu
hale gelmesi, sadece mufredatlarin hazirlanmis olmasini degil, ayni zamanda bu mufredatlarin sahada
etkilive surdurulebilir bir sekilde uygulanmasini da zorunlu kilmaktadir. Bu nedenle, egiticiler ve uzmanlik
6grencileri icin TUKMOS farkindaliginin artirilmasi, denetim ve izleme streglerinin gticlendirilmesi,
uzmanlik egitiminin kalitesini artirmada dnemlidir.

Anahtar Kelimeler: TUKMOS, tipta uzmanlik egitimi, cekirdek mufredat, klinik yetkinlik, 6lgme ve
degerlendirme

ABSTRACT

The Medical Specialization Board Curriculum Development System (TUKMOS) was established in
Turkey to enhance the quality of specialty training in medicine and to ensure standardization on a
national scale. This system, which has been mandatory since 2011, has developed core curricula for 88
medical specialties, of which 43 are primary specialties and 45 are subspecialties. This review evaluates
the historical development of TUKMOS, the structure of its curricula, their practical implementation,
and their impact on medical education. This is a traditional review based on the relevant literature
and current official documents. Learning objectives related to clinical and procedural competencies
have been defined. However, field data indicate that these curricula are not effectively implemented
across all institutions. The main challenges include insufficient involvement of educators, limited use
of assessment and evaluation tools, problems in the functionality of external rotations, and the lack of
adequate emphasis on scientific research training. The mandatory nature of TUKMOS requires not only
the existence of these curricula but also their effective and sustainable implementation in practice.
Therefore, raising awareness of TUKMOS among educators and medical residents, and strengthening
supervision and monitoring processes, are important steps for improving the quality of specialty training.
Keywords: TUKMOS, medical specialty training, core curriculum, clinical competency, assessment and
evaluation
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GIRiS

Tipta Uzmanlik Kurulu Mifredat Olusturma ve Standart
Belirleme Sistemi (TUKMOS), Turkiye'de tipta uzmanlik
egitiminin  standardizasyonunu  saglamak amaciyla
kurulmus bir sistemdir! TUKMOS'un temel hedefi,
uzmanlik egitimi alaninda ulusal dizeyde standartlar
belirleyerek egitim kalitesini artirmak ve farkli kurumlar
arasinda 6grenim stirecinde butinlugu saglamaktir.

TUKMOS'un etkin bicimde hayata gecirilmesi, egitim
seviyesini artirmakla birlikte, genel saglik hizmetlerinin
verimliligini de destekleyebilir. Ozellikle iyi tanimlanmis
6grenme hedeflerine dayali ¢ikti temelli uzmanlik egitimi;
koruyucu hekimligin guclendirilmesi, hastaliklarin erken
tani ve etkili yonetimi ile hastane yatislarinin azaltilmasi,
mortalite ve morbidite oranlarinin dusdrtlmesi gibi
temel saglik ciktilarinin iyilestirilmesine dogrudan katki
saglayabilir2® Bu yaklasim, uluslararasi dizeyde de kabul
gérmus Kanadali Uzmanlar icin Tip Egitimi Yonergeleri ve
Tipta Uzmanlik Egitimi Akreditasyon Konseyi gibi egitim
modelleriyle uyumludur ve mezunlarin yetkinlik odakli
yetistirilmesini ongérmektedir®> Bu nedenle, TUKMOS
mufredatlarinin glincel bilimsel bilgilerle uyumlu olmasi ve
pratikte etkili bir sekilde uygulanabilmesi hem bireylerin
hem de toplumun sagligini korumada 6nemli bir rol
oynamaktadir.

Turkiye'de uzmanlik  egitiminde  standartlastirma
calismalari uzun slredir devam etmekle birlikte, resmi
anlamda TUKMOS'un yasal temeli, 2009 yilinda yayimlanan
“Tipta ve Dis Hekimliginde Uzmanlik Egitimi Yonetmeligi”
ile atilmistir® Bu yonetmelikle birlikte uzmanlik dallari icin
zorunlu hale getirilen ¢ekirdek mufredatlar olusturulmaya
baslanmistir. Bu  geleneksel derlemede, TUKMOS'un
tarihsel gelisimi, glincel uygulamalari ve tipta uzmanlik
egitimine etkilerinin genel hatlariyla degerlendirilmesi
amaclanmistir.

TUKMOS Miifredatlarinin Tarihsel Gelisimi ve
Revizyon Siiregleri

TUKMOS'unilk olusturdugu mufredat érnekleri (v.0.5-v.1.0),
zorunlulugu bulunmayan, tavsiye amacli belgeler olarak
kurumlarin tercihine goére uygulanmaktaydi” Bu erken
ddénem taslaklarda yalnizca konu basliklar yer almakta,
6grenme amaclari ile klinik ve girisimsel becerilere dair
detaylara yer verilmemisti. Ancak 2013 yilinda yurarlige
giren ve zorunlu uygulama surecini baslatan Versiyon 2.0
ile birlikte, uzmanlik dallarinin ¢ekirdek mufredatlarinin
standardizasyonu yoéninde 6nemli bir adim atildi. Bu
versiyonla birlikte her brans icin klinik ve girisimsel
yetkinlikler, 5grenim hedefleri, rotasyon planlari, 6grenme-
6gretmeydntemleri,6lcme-degerlendirmearaclariveegitici
yeterlilikleri ayrintili olarak tanimlanmistir’” Bu versiyonun
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uzmanlik egitimine temel Kkatkisi, standardizasyonu
saglamaya yonelik somut yetkinlik tanimlamalari ve 6l¢gme
degerlendirme araclarinin olusturulmasidir. Versiyon 2.0'in
getirdigi bu ana iskelet, sonraki tim glncellemelerde
korunmus ve mdufredatlarin temel yapisini olusturmaya
devam etmistir. Versiyon 2.1 (2016) ve 2.3 (2017) ile 6zellikle
minimum olgu sayisi ve yetkinlik dizeylerinin tanimi
glclendirilmis, bazi alanlarda olgu odakli yaklagim &ne
cikanilmistir” Bazi branglarda Versiyon 2.3 kullanilmaya
devam etmektedir. Halen pek c¢ok uzmanlik dalinda
yUrUrlukte olan 2.4 strimd 2019 yilinda uygulanmaya
baslamis 6lcme degerlendirme yontemlerine daha fazla yer
verilmistir” En son olarak, Versiyon 2.5, 2024 yili itibariyla
taslak olarak hazirlanmis ve ilgili brans derneklerinin
gorusleri dogrultusunda uluslararasi rehberler ile uyumlu
hale gelecek sekilde kapsamli bir revizyon strecine
girilmistir. Bu sire¢ sonucunda onaylanan yeni mufredatlar,
2025 yili haziran ayindan itibaren resmiyet kazanarak bazi
bolumler icin kullanima sunulmustur?

Miifredat Hazirlama Siireci

Uzmanlik egitiminin planlanmasi, surekli gelistirilmesi ve
kalite glvencesinin saglanmasi goérevini Ustlenen Tipta
Uzmanlik Kurulu (TUK), Saglik Bakanligi bunyesinde
faaliyet gostermektedir® TUKMOS mdifredatlar, TUK'un
koordinasyonunda, her bransa 6zgl  olusturulan
akademik ¢alisma ekipleri tarafindan hazirlanmaktadir. Bu
komisyonlar; Universitelerde ve arastirma hastanelerinde
gbrev yapan Ogretim uyeleri, alaninda yetkin uzman
hekimler ve ilgili uzmanlik derneklerinin temsilcilerinden
olusmaktadir.®

Mufredat gelistirme slrecinde temel ilke; uluslararasi
standartlar, bilimsel gelismeler ile toplumsal saglik
gereksinimlerinin gdz éniinde bulunduruldugu ¢cok boyutlu
bir degerlendirmedir.® Surec, cok paydasli ve kademeli bir
yontemle ilerler. Oncelikle her uzmanlik alaninda; égrenci
ve egitici beklentileri, alanin bilimsel ve teknolojik gelisimi,
klinik uygulama gereklilikleri ve global uzmanlik egitim
standartlari 1siginda bir egitim plani dnerisi gelistirilir.

Hazirlanan taslak, TUK tarafindan detayli bicimde
degerlendirilir; icerik ve yapil bakimindan uygun bulunmasi
durumunda onay surecine alinir, gerek gorullrse ilgili
komisyona revizyon dnerileriyle geri gdnderilir. Bu asamada
sadece akademik paydaslarin degil, ayni zamanda saglik
otoritelerinin ve meslek orgutlerinin gortsleri alinarak
toplu bir uzlasi saglanmasi amaglanir. Son halini alan
mifredatlar, TUK'un onayiyla birlikte resmen yurirliuge
girer?

Uygulama asamasinda egitim kurumlari ile sorumlu
egiticiler ana aktor olarak gorev yapar; kurumlar, TUKMOS
tarafindan tanimlanan 6grenme hedefleri ve yetkinlik



alanlarini eksiksiz bicimde gerceklestirmekle yukamludar?
Mufredatlar dogrultusunda klinik rotasyonlar, teorik egitim
oturumlari, uygulamali beceri egitimleri ve diger 6gretim
etkinlikleri planli ve dizenli sekilde uygulanmalidir.

TUKMOS'ta Yer Alan Uzmanlik Dallan ve Egitim
Siireleri

TUKMOS'un glncel mufredat duzenlemeleri
dogrultusunda, Turkiye'de toplam 97 uzmanlik dali icin

DEMIRCi ve ark. TUKMOS ve Tipta Uzmanlik Egitimi

cekirdek mufredat olusturulmustur® Bu dallardan 88'si
tip, 9'u ise dis hekimligi alanina aittir. Tip alanindaki
mufredatlarin 43’0 ana dal, 45'i ise yan dal uzmanliklarini
kapsamaktadir. Ana dal uzmanliklarinda egitim stresi 3 ile
5yil arasinda olup, yan dallarda bu sure 2 ile 3 yil arasinda
degismektedir (Tablo 1ve 2)."

Tipta uzmanlik egitimi sureleri 2011 yilinda 1219 sayili
kanuna ekli cizelge yoluyla dizenlenmistir!? Ancak, TUK
karariyla 2014'te Anesteziyoloji ve Reanimasyon (karar

Tablo 1. Ana dal uzmanliklari, egitim ve rotasyon siireleri

Brans Son versiyon (Eyglllt)lm siiresi :(at;t)asyon sliresi
Acil Tip 2.4 4 9
Adli Tip 2.4 4 6
Agiz, Yuz ve Cene Cerrahisi 2.0 5 15
Aile Hekimligi 2.4 3 18
Anatomi 23 3 6
Anesteziyoloji ve Reanimasyon 2.4 5 2
Askeri Saglik Hizmetleri 2.1 3 6
Beyin ve Sinir Cerrahisi 23 5 4
Cocuk Cerrahisi 2.5 5 6
Cocuk Sagligi ve Hastaliklari 2.4 4 4
Cocuk ve Ergen Ruh Sagligi ve Hastaliklar 2.4 4 12
Deri ve Zuhrevi Hastaliklar 2.4 4 7
Enfeksiyon Hastaliklari ve Klinik Mikrobiyoloji 2.5 5 12
Fiziksel Tip ve Rehabilitasyon 23 4 9
Fizyoloji 23 4

Genel Cerrahi 25 5 13
Gogus Cerrahisi 2.4 5 12
Gogus Hastaliklari 25 4 14
Go6z Hastaliklari 23 4 1
Halk Sagligi 2.4 4 6
Hava ve Uzay Hekimligi 2.4 3 6
Histoloji ve embriyoloji 2.4 4 3
ic Hastaliklari 25 4 8
Kadin Hastaliklari ve Dogum 2.3 4 6
Kalp ve Damar Cerrahisi 2.4 5 11
Kardiyoloji 2.4 5 15
Kulak Burun Bogaz Hastaliklari 2.4 5 4
Noroloji 25 5 12
Nukleer Tip 23 4

Ortopedi ve Travmatoloji 2.4 5

Plastik, Rekonstriktif ve Estetik Cerrahi 2.4 5

Radyasyon Onkolojisi 2.4 5 14
Radyoloji 2.4 5 2
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Tablo 1. Devami

Brang Son Versiyon (Eyglllt)lm siiresi :Qa;t)asyon siiresi
Ruh Sagligi ve Hastaliklari 2.4 4 7
Spor Hekimligi 2.3 4 17
Sualti Hekimligi ve Hiperbarik Tip 2.3 3

Tibbi Biyokimya 23 4 7
Tibbi Ekoloji ve Hidroklimatoloji 23 3 12
Tibbi Farmakoloji 2.4 4 5
Tibbi Genetik 2.4 4 6
Tibbi Mikrobiyoloji 2.4 4 6
Tibbi Patoloji 2.4 4 0
Uroloji 2.4 5 6

u_ o p

rotasyon bulunmamaktadir

Egitim suresi “yil”, rotasyon siresi ise “ay” olarak belirtilmistir. Rotasyon stiresi “0” olarak verilen

branslarda, ilgili uzmanlik alaninda zorunlu dis

Tablo 2. Yan dal uzmanliklari, egitim ve rotasyon siireleri

Brang Son Versiyon (Eﬁllt)lm sliresi :(ac;lt)asyon sliresi
Algoloji 2.4 2 7
Askeri Psikiyatri 2.1 2 4
Cerrahi Onkoloji 23 2 4
Cevre Sagligi 2.4 2 0
Cocuk Acil 23 3 1
Cocuk Endokrinolojisi 2.4 3 3
Cocuk Enfeksiyon Hastaliklari 23 3 2
Cocuk Gastroenterolojisi 23 3 3
Cocuk Genetik Hastaliklar 23 3 3
Cocuk GogUs Hastaliklari 23 3 2
Cocuk Hematolojisi ve Onkolojisi 23 3 0
Cocuk immiinolojisi ve Alerji Hastaliklari 2.4 3 1
Cocuk Kalp ve Damar Cerrahisi 23 2 4
Cocuk Kardiyolojisi 2.4 3 3
Gocuk Metabolizma Hastaliklari 23 3 2
Cocuk Nefrolojisi 23 3 0
Cocuk Norolojisi 2.4 3 10
Cocuk Radyolojisi 23 2 0
Cocuk Romatolojisi 23 3 4
Cocuk Urolojisi 23 3 3
Cocuk Yogun Bakimi 23 3 1
El Cerrahisi 23 2 4
Endokrinoloji ve Metabolizma Hastaliklari 2.4 3 2
Epidemiyoloji 2.4 2 0]
Gastroenteroloji 23 3 3
Gastroenteroloji Cerrahisi 23 2 0
Gelisimsel Pediatri 23 3 8
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Tablo 2. Devami

Brans Son Versiyon (Eygluliium siiresi :'\;c;,t)asyon siiresi
Geriatri 2.4 3 4
Harp Cerrahisi 2.1 2 9
Hematoloji 23 3 0
immiinoloji ve Alerji Hastaliklari 23 3 0
is ve Meslek Hastaliklari 23 3 17
Jinekolojik Onkoloji Cerrahisi 23 3 10
Klinik Nérofizyoloji 23 2 0
Nefroloji 23 3 1
Neonatoloji 23 3 3
Perinatoloji 2.4 3 3
Romatoloji 2.4 3 0
Sitopatoloji 2.3 2 0
Temel immiinoloji 23 2 3
Tibbi Mikoloji 23 2 4
Tibbi Onkoloji 2.4 3 1
Tibbi Parazitoloji 23 2 1
Tibbi Viroloji 2.4 2 3
Yogun Bakim 23 3 9

rotasyon bulunmamaktadir

Egitim suresi “yil”, rotasyon suresi ise “ay” olarak belirtilmistir. Rotasyon suresi “0” olarak verilen branslarda, ilgili uzmanlik alaninda zorunlu dis

numarasi: 488), 2016’'da Kulak Burun Bogaz Hastaliklari
(karar numarasi: 651); 2017'de Radyoloji (karar numarasi:
729), Kardiyoloji (karar numarasi: 731), ve Radyasyon
Onkolojisi (karar numarasi: 916), 2018'de Noroloji (karar
numarast: 982) 4 yildan 5 yila ¢ikarilmistir® Ayrica, 2022
yilinda Fizyoloji (karar numarasi: 2091) ile Histoloji ve
Embriyoloji (karar numarasi: 2105) alanlarinda egitim stresi
3yildan 4 yila yUkseltilmistir.®

TUKMOS Kapsaminda Hekim Yetkinlik Alanlar ve
Uygulama Diizeyleri

TUKMOS, uzmanlik egitimi kapsaminda hekimlerin sahip
olmasi gereken yedi temel yetkinligi tanimlamaktadir.! Bu
yetkinliklerin ilk altisi mesleki gelisimin farkli yonlerini
kapsayan, birbiriyle i¢ ice gecmis beceri alanlarindan
olusmaktadir. “Yonetici” yetkinligi, hekimlerin saglik
sisteminianlayarakinsanve kaynak yonetimi gibisureclerde
etkin rol Ustlenmelerini hedeflerken; “Ekip Uyesi” roli,
multidisipliner ekiplerle is birligi icinde calisarak hasta
bakiminda uyumlu ve koordineli hareket edebilmeyi
gerektirir. “Saglik Koruyucusu” basligl altinda, toplum
sagligina katki sunan, koruyucu hekimlik uygulamalarinda
aktif gorev alan bireyler yetistirilmesi amaglanmaktadir.
Hekimlerin iletisim becerilerini kapsayan “iletisim Kuran”

yetkinligi ise hasta ve hasta yakinlariyla acik, empatik ve
etkili bir iletisim kurma sorumlulugunu tasir. “Deger ve
Sorumluluk Sahibi” yetkinligi, etik kurallara baglilik, hasta
mahremiyetine saygl ve profesyonel tutum gibi mesleki
sorumluluklari icerirken; “Ogrenen ve Ogreten” yetkinligi,
hekimlerin yasam boyu 6grenme surecine agik olmalarini
ve bilgi aktarimi yoluyla egitici rolint Ustlenmelerini
ongdrmektedir. Bu yetkinlik alanlari birlikte ele alindiginda,
hekimlerin sadece klinik becerilerde degil, ayni zamanda
mesleki kimlik ve sorumluluk bilincinde de gelisim
gostermesi amaglanmaktadir.

TUKMOS'un c¢ekirdek mufredatlarinda yer alan klinik
ve girisimsel yetkinlikler, uzmanlik 6grencilerinin bilgi
ve becerilerinin yapilandirilmis bi¢cimde gelistirilmesini
hedeflemektedir. Klinik yetkinlikler icin dort ana duzey (B,
T, ETT, TT) ve iki tamamlayici diizey (A ve K) tanimlanmistir.
“B” dlizeyi, hastaliga 6n tani koyma ve dogru yénlendirme
yapma becerisini ifade ederken; “T" dizeyi, tani koyma
ve tedaviye yonlendirme yeterliligini tanimlar. “ETT",
ekip calismasi icinde tani ve tedaviyi yonetme; “TT" ise
bagimsiz olarak tim stireci yiritme duizeyidir. Tamamlayici
duzeylerden”A” acil durumlarda dogru tani ve mtdahaleyi;
“K" ise koruyucu saglik hizmetlerinin tim basamaklarinda
gerekli dnlemleri alabilmeyi icerir. Ote yandan girisimsel
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yetkinlikler icin belirlenen dért duzey; bilgi sahibi olma
(1. duzey), acil durumlarda denetim altinda uygulama (2.
dizey), tipik olgularda bagimsiz girisim yapma (3. duzey)
ve her tur olguda tam yetkinlik gbsterme (4. dizey)
basamaklarindan olugsmaktadir. Bu yapi, 6grencinin gelisim
surecini izlemeyi kolaylastirmakla kalmaz, ayni zamanda
kurumlar arasi standartlasmanin saglanmasina da énemli
katki sunar (Tablo 3).

Bu sistematik yapi, uzmanlik &grencilerinin klinik ve
girisimsel yetkinliklere ulasim streclerini yapilandirilmis
bir sekilde izlemeyi ve degerlendirmeyi mimkun kilarken;
ayni zamanda kurumlar arasinda uygulama farkliliklarini
azaltarak ulusal dizeyde egitimde standartlasmayi
desteklemektedir. Ancak sahada elde edilen veriler, bu
yapilarin uygulamada yeterince etkin kullanilmadigini
gostermektedir.  Ornegin, Kardiyoloji uzmanlik
6grencilerinin cekirdek egitim programina gore egitimin
ilk yarisinda edinmesi beklenen klinik yetkinliklere iliskin
o6zdegerlendirme sonuclari, hedeflenen dlzeyin altinda
kalmaktadir!*Ayrica poliklinik verilerine dayali calismalarda,
bazi branslarda ilk bes taninin hasta basvurularinin %70-
90'in1 olusturdugu, ancak Acil Tip ve Aile Hekimligi gibi
alanlarda bu oranin 30%'lara kadar dustugu gosterilmistir.®
Bu durum, klinik yetkinliklerin, mifredatlarda yaygin ve
ylUksek karsilanma olasiligl olan tanilar dikkate alinarak
yapilandirilmasi gerektigine isaret etmektedir.

TUKMOS Kapsaminda Ogrenme ve Ogretme
Yontemleri

TUKMOS, 6grenme ve 6gretme ydntemlerini U¢ ana baslik
altinda siniflandirmaktadir:

* Yapilandirilmig Egitim Etkinlikleri
+ Uygulamali Egitim Etkinlikleri

- Bagimsiz ve Kesfederek Ogrenme Etkinlikleri

Yapilandirilmis Egitim Etkinlikleri

Uzmanlik &grencilerine teorik  bilgilerin  sistematik
bir bicimde sunulmasini hedefleyen, planli ve egitici
denetiminde ydurutilen ders, seminer, makale saatleri,
olgu sunumlar ve konsey gibi multidisipliner etkinlikleri
kapsamaktadir. Bu tir yapilandirilmis etkinlikler, agirlikli
olarak bilissel 6grenme kuramlarina (6rnegin; Bloom'un
Bilissel Alan Taksonomisi) dayanmaktadir'® Clunkl bilgi
aktarimi, kavramsal cercevenin olusturulmasi ve klinik karar
verme sureglerinde mantiksal akil yaratmenin gelistirilmesi
on plandadir’®Bu cergcevede, vyapilandirilmis egitim
uygulamalarina yoénelik basarili drneklerden biri, UGroloji
uzmanlik egitimi icin gelistirilen ve TUKMOS cekirdek
mufredati temel alinarak hazirlanan E-6grenme Uzmanlik
Egitim Programi'dir. Program, cevrimici dersler ve dlgme-
degerlendirme aracglari araciligiyla tim Ulke genelinde
yliksek memnuniyet ve katilim oranlariyla uygulanmistir.”

Uygulamali Egitim Etkinlikleri

Uzmanlik 6grencilerinin klinik pratikte dogrudan deneyim
kazanmasini amaclayan hasta vizitleri, yatak basi egitimler,
girisimsel uygulamalar ve simulasyon temelli etkinlikleri
kapsamaktadir. Bu etkinlikler ise deneyimsel &grenme
kurami (6rnegin; Kolb’'un Deneyimsel Ogrenme Déngiisi)
ile iliskilendirilebilir!® Uygulamali egitimlerde, 6grenenler
bilgiyi aktif sekilde deneyimleyerek, uygulama ve gbdzlem
yoluyla bilgi ve becerilerini gelistirmektedir. Bu yaklasim,
yaparak 06grenme ilkesine dayanir ve klinik beceri

Tablo 3. TUKMOS'ta tanimlanan klinik ve girisimsel yetkinliklerin 6grenim hedefi diizeyleri

Klinik yetkinlikler

Hastaliga 6n tani koyma ve gerekli durumda hastaya zarar vermeyecek sekilde ve dogru zamanda,

onlemleri alabilme dlzeyini ifade eder

B dogru yere sevk edebilecek bilgiye sahip olma dlizeyini ifade eder

T Hastaya tani koyma ve sonrasinda tedavi icin ydnlendirebilme diizeyini ifade eder

™ Ekip ¢alismasinin gerektirdigi durumlar digsinda herhangi bir destege gereksinim duymadan hastanin
tani ve tedavisinin tim slrecini ydnetebilme dizeyini ifade eder

ETT Ekip ¢alismasi yaparak hastanin tani ve tedavisinin tim sirecini ydnetebilme diizeyini ifade eder

A Hastanin acil durum tanisini koymak ve hastaliga 6zel acil tedavi girisimini uygulayabilme dizeyini
ifade eder

K Hastanin birincil, ikincil ve Ggtincil korunma gereksinimlerini tanimlamayi ve gerekli koruyucu

Girisimsel yetkinlikler

! dlzeyini ifade eder

Girisimin nasil yapildigi konusunda bilgi sahibi olma ve bu konuda gerektiginde agiklama yapabilme

Acil bir durumda, kilavuz veya ydnerge esliginde veya gdzetim ve denetim altinda bu girisimi yapabilme

2 diizeyini ifade eder
3 Karmasik olmayan, sik gorilen tipik olgularda girisimi uygulayabilme dlzeyini ifade eder.
4 Karmasik olsun veya olmasin her tir olguda girisimi uygulayabilme dizeyini ifade eder.
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kazanimini glglendirir. Acil Tip uzmanlik 6grencileriyle
yapilan bir calismada, TUKMOS miufredatinda tanimli
transkitandz pacemaker uygulamasina yoénelik kisa
sureli teorik ve pratik egitimin, bilgi dlzeyi ve mudahale
becerilerinde anlamli gelisme sagladigi belirlenmistir.”
Benzer sekilde, Aile Hekimligi uzmanlik 6grencilerine
temel yasam destegi, ileri yasam destegi, dogum yénetimi,
hipertansiyona yaklasim ve febril konvilsiyon ydnetimi
gibi temel girisimsel beceriler simtlasyon merkezinde hem
teorik hem de uygulamali bicimde &gretilmis; egitim dncesi
ve sonrasi yapilan degerlendirmelerde bilgi dizeyinde
istatistiksel olarak anlamli artis saptanmistir.2° Bu bulgular,
uygulamali ve simulasyon temelli egitimlerin, uzmanlik
ogrencilerinin bilgi ve klinik becerilerini gliclendirmede
etkili bir ydntem oldugunu ortaya koymaktadir.

Bagimsiz ve Kesfederek Ogrenme Etkinlikleri

Uzmanlik 06grencisinin kendi 6grenme sorumlulugunu
almasini saglayan; yatan hasta takibi, ayaktan hasta
takibi, akran &grenmesi, literatlr okuma, arastirma
yapma gibi 6grenen merkezli yaklasimlari kapsamaktadir.
Bu yodntemler ozellikle yetiskin 6grenme kuramlari
(andragoji) ile temellendirilmistir?' Yetiskin 6grenme
kuramlarina goére bireyler, kendi 6grenme slreclerinde
aktif rol alir, deneyimlerinden yola ¢ikarak anlam Uretir
ve icsel motivasyonla &grenirler. Bu yaklasim, uzmanlik
o6grencilerinin  yasam boyu 068renme becerilerinin
gelisimine katki saglamaktadir.

TUKMOS Kapsaminda Egitici ve Mekan Standartlari

Tipta uzmanlik egitiminin niteligi, yalnizca mufredatin
icerigi ya da suresiyle degil; bu egitimin sunuldugu fiziksel
ortam ve sUreci ydneten egiticilerin yetkinligiyle dogrudan
iliskilidir. TUKMOS, bu dogrultuda hem egitici profiline
hem de egitim ortamlarina iliskin standartlar tanimlayarak
kalite glivencesini saglamayi hedeflemektedir.

Her uzmanlik dali igin egitici sayisi ve niteliklerine dair
temel kosullar tanimlanmistir! Genellikle bir programin
akredite edilebilmesi icin en az iki egiticinin bulunmasi
gerekir. Bu kisilerin akademik yetkinlige ve klinik deneyime
sahip olmalar, yalnizca bilgi aktarici degil, ayni zamanda
rol model, klinik mentor ve degerlendirici olarak da aktif
gdrev almalari beklenmektedir*> Bu nedenle, TUKMOS
mufredatlari egiticilerin mesleki gelisim, geri bildirim
verme ve egitim yontemleri konusunda yetkin olmalarini
zorunlu kilan bir yaklagim benimsemektedir.

Yapilan calismalarda, asistanlarin buytk bir kismi egitimin
onemli bir bolumuunud kidemli asistanlardan égrendiklerini
belirtmis; egiticilerin egitim surecine katiliminin sinirli
oldugu ve erisimin kisitli kaldigi ifade edilmistir.>? Oysa
yapilandirilmis  geri  bildirim mekanizmalari, yalnizca
6grenmeyi desteklemekle kalmaz; ayni zamanda 6z

DEMIRCi ve ark. TUKMOS ve Tipta Uzmanlik Egitimi

degerlendirme becerilerinin gelisimini de saglar® Bu
baglamda, egiticilere yonelik surekli mesleki gelisim
programlarinin ulusal duzeyde yayginlastirilmasi buyuk
onem tasimaktadir.

Uzmanlik egitiminin verildigi fiziki ortam da Kkaliteyi
etkileyen bir diger kritik faktdérdtr. TUKMOS, egitim
birimlerinin yeterli fiziksel kapasiteye, olgu cesitliligine,
laboratuvar ve goéruntileme altyapisina, girisimsel
uygulamalara elverisli klinik kosullara ve gerektiginde
simulasyon destekli egitim alanlarina sahip olmasini
ongdrmektedir! Ayrica, uygun dinlenme alanlari, ¢calisma
salonlari ve akademik toplanti odalari da egitim ortaminin
ayrilmaz bilesenleri olarak kabul edilmektedir.

Bu standartlara iliskin yapilan degerlendirmelerde, 6rnegin
Hacettepe Universitesinde yiritilen bir calismada,
uzmanlik &grencileri mevcut egitim ortamlarini genel
olarak olumlu bulmakla birlikte, gelistirilmesi gereken
yonler oldugunu ifade etmistir.?* Egitici sayisinin artirilmasi,
dizenli seminerlerin yapilmasi ve bilimsel etkinliklerin
tesvik edilmesi gibi dnerilmistir.?®

TUKMOS Kapsaminda Rotasyonlar: Etkinlik ve
Sorunlar

TUKMOS, her uzmanlik daliigin belirlistrelerde zorunlu dis
rotasyonlar tanimlamistir. Bu rotasyonlarin slresi 1 ila 18 ay
arasinda degismekte olup bazi branslarda ise dis rotasyon
bulunmamaktadir (Tablo 1 ve 2).2¢ Rotasyonlarin temel
amaci, uzmanlik &grencilerine farkli klinik ortamlarda
cok yonlu deneyim kazandirmak ve yetkinlik alanlarini
genisletmektir. Ancak sahada yapilan cesitli arastirmalar,
bu rotasyonlarin uygulamada hem slre hem de igerik
acisindan hedeflenen standartlara ulagsmakta zorlandigini
gostermektedir. Ornegin, Goglis Cerrahisi asistanlariyla
yapilan bir calismada, katiimcilarin ¢ogu rotasyonlarin
verimsiz gectigini, hedeflerden haberdar olmadiklarini ve
egitim slUrecinde aktif gérev almadiklarini ifade etmistir.?’
Benzer sekilde, Yogun Bakim yan dal asistanlari arasinda
yUrutulen bir ¢calismada, rotasyonlarin igerik ve isleyisinin
klinikler arasinda énemli farkliliklar gosterdigi ve 6grenim
hedeflerine ulasilip ulasilmadiginin  duzenli bicimde
degerlendirilmedigi vurgulanmistir.®

Olgu cesitliligi sinirli olan Tibbi Biyokimya, Adli Tip ve Cocuk
Nefrolojisi gibi bazi alanlarda ise rotasyon iceriklerinin
mufredata uygunlugu sorgulanmaktadir?*3' Genel olarak
yapilan degerlendirmeler, TUKMOS tarafindan tanimlanan
rotasyonlarin ¢ogu zaman bigimsel olarak ytrataldtgunu;
ozellikle anabilim dali disindaki rotasyonlarda icerik
butunlagu, denetim, egitici katilimi ve dlgulebilir 6grenme
hedeflerininyeterince saglanamadigini ortaya koymaktadir.

Bu bulgular, rotasyonlarin egitim surecine katkisini
artirmak icin yapisal iyilestirmelere ihtiyagc oldugunu

109



Forbes J Med 2025;6(2):103-12

goéstermektedir. Oncelikle, rotasyonlarin icerigi kurumlar
aras! standart bir program ile uyumlu hale getirilmeli;
rotasyonlarda asistanlarin yalnizca gbézlemci degil, aktif
uygulayici rol almasi saglanmalidir. Egitici sorumluluklar
netlestirilmeli, rotasyon sureclerinin dizenli olarak dis
denetimlerle izlenmesi gerekmektedir. Ayrica, her rotasyon
icin spesifik 6grenme hedefleri ve degerlendirme kriterleri
tanimlanmali, bu hedeflere ulasilip ulasilmadigi duzenli
olarak raporlanmalidir.

TUKMOS Kapsaminda Olgme-Degerlendirme

Tipta uzmanlik egitiminin basarisi, yalnizca mufredatin
kapsami ve suresiyle degil, 6grenme ciktilarinin gegerli
ve guvenilir bicimde degerlendirilmesiyle de dogrudan
iliskilidir3? Bu nedenle, egitim programlarinin etkililigini
o6lgmek ve uzmanlik &grencilerinin yeterlik duzeylerini
degerlendirmek icin ¢cok boyutlu 6l¢gme-degerlendirme
yaklasimlarina ihtiya¢ vardir. Kuramsal bilgiyi 6lcen
coktan secmeli testlerin yani sira, objektif yapilandirilmis
klinik sinavlar (OSCE), olgu temelli degerlendirmeler,
simUlasyon uygulamalari ve isyeri tabanli ydntemler [Mini-
Klinik Degerlendirme (mini-CEX), Dogrudan Gozlemli
Klinik Uygulama (DOPS), 360 derece degerlendirmel
Onerilmektedir!

TUKMOS kapsaminda Kardiyoloji uzmanlik egitimine
yonelik yapilan bir ¢alismada, en yaygin kullanilan
degerlendirme araglarinin asistan karnesi, olgu temelli
tartisma ve DOPS oldugu belirlenmistir3* Buna karsin, mini-
CEX, ¢ok kaynakli geri bildirim ve OSCE gibi yapilandirilmis
araclarin kullanim oranlarinin dasuk oldugu bildirilmistir.
Katilimcilarinblytk cogunluguisyeritemellidegerlendirme
yontemlerinin yararli oldugunu kabul etmekle birlikte, bu
ydéntemlerin Turkiye kosullarina uyarlanmasi gerektigini
vurgulamistir® TUKMOS mufredatlar kapsaminda bilgi,
beceri ve tutum boyutlarina ydnelik degerlendirme
olcutleri tanimlanmis olsa da, bu araglarin sahadaki
kullanim sikligr ve uygulama bicimi kurumlar arasinda
belirgin farklilk gb&stermektedir. Kardiyoloji alaninda
yapilan baska bir calismada, 6zdegerlendirme verilerinin,
egitim programinin etkililigini izlemek ve iyilestirmek
acisindan yararli oldugu bulunmustur.

Goégus Hastaliklarinda, asistanlarin  mufredatta taniml
hedeflere ulagsmakta zorlandigi ve temel klinik yeterliklerde
mezuniyet sonrasi eksiklikler yasadigl bildirilmistir3* Bu
durumun temel nedenlerinden biri, dlgme-degerlendirme
uygulamalarinin sistematik ve yapilandirilmis bicimde
planlanamamasi ve uygulanamamasidir. Tipta Uzmanlk
Sinavi Uzerine vyapilan analizlerde, sinav sorularinin
temel hekimlik yeterliklerini 6lgmekte yetersiz kaldig,
ayrica ulusal cekirdek egitim programi ve TUKMOS
mufredatlariyla tam olarak értiismedigi ortaya konmustur®
Bu sonuglar, hem uzmanlik 6éncesi hem de sonrasi
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degerlendirme sureglerinin gézden gecirilmesi gerektigini
dustindirmektedir.

Uzmanlik egitiminin kalitesini artirmak icin 6lgcme ve
degerlendirme sureclerinin  glglendirilmesi  gereklidir.
Mevcutuygulamalarin daha etkin olabilmesiigin;isyeritemelli
degerlendirme (mini-CEX, DOPS,360 derece geri bildirimvb.)
araclarinin yayginlastirilmasi ve duzenli olarak kullanilmasi
gerekmektedir. Ayrica, her kurumda élgme-degerlendirme
surecini koordine edecek ve standardizasyonu saglayacak
sorumlu kisiler atanmali; bu slrecler dijital portfolyo
sistemleriyle izlenebilir hale getirilmelidir.

Uzmanlik Egitiminde Bilimsel Arastirma Egitimi

Uzmanlik  &grencileri, bircok  c¢alismada  bilimsel
arastirmalara ilgi duyduklarini ifade etmelerine ragmen,
arastirma sUrecine aktif katiim orani dusuktdr. Bu
durumun temel nedenleri arasinda zaman yetersizligi,
maddi destek eksikligi ve danismanlik desteginin sinirli
olmasi 6ne ¢ikmaktadir33® Bir calismada, uzmanlik
dgrencilerinin %66's1 egitim programlarinda arastirma
faaliyetleriicin zaman ayrilmadigini, %48 1'iise hi¢ arastirma
egitimi almadigini belirtmistir. Katilimcilarin yarisindan
fazlasi arastirmaya istekli oldugunu ifade etse de, yapisal
destek eksikligi bu istegi pratige dontstirmede engel
olusturmaktadir3®

TUKMOS, bilimsel arastirma kdltirint desteklemeyi
ve uzmanlik &grencilerinin  arastirma  becerilerini
gelistirmeyi hedeflemektedir. Ancak, saha verileri bu
hedeflerin uygulamada yeterince karsilik bulmadigini
gostermektedir3638 Egitim sirecinde arastirmaya yonelik
danismanlik mekanizmalarinin  gticlendirilmesi, zaman
planlamasinin egitim programlarina entegre edilmesi
ve yapillandirilmis arastirma  egitimi  modullerinin
yayginlastirilmasi, bualandakinitelikseliyilesmesaglayabilir.
Buna ek olarak, asistanlarin arastirmalara aktif katilimi icin
gerekli tesvik sistemleri (6dul vb.) olusturulmali; egiticilere
yonelik mentorluk egitimleri yayginlastirilmalidir. Kurum
ici ve kurumlar arasi ortak projelerin desteklenmesi ile
arastirma kaltardnun gelistirilmesi saglanabilir.

Ana Dal-Yan Dal ve Branslar Arasi Yetki Siniri
Sorunlari

Gunudmuzde klinik uygulama alanlarinin giderek értismesi,
ana ve yan dal iliskilerinde yetki ve sorumluluk sinirlarinda
belirsizlige yol agmaktadir3* Bu belirsizlik, hem uzmanlik
egitiminin kalitesini hem de saglik hizmetlerinin etkinligini
olumsuz ydnde etkilemektedir. Kadin Hastaliklari ve
Dogum ile Perinatoloji, Kulak Burun Bogaz Hastaliklari ile
Plastik, Rekonstruktif ve Estetik Cerrahi gibi branslarda
klinik sorumluluk alanlar siklikla cakismakta; belirli
girisimlerin  hangi uzmanlik alaninin  sorumlulugunda
oldugu konusunda karisikliklar yasanmaktadir.



Turkiye'de Kadin Dogum hekimleriyle yapilan bir ¢alismada,
perinatoloji uzmanlarinin  gérev  tanimlarina iliskin
farkindaligin yetersiz oldugu belirlenmistir®® Ozellikle
6zel sektorde goérev yapan Kadin Dogum uzmanlarinin
fetal anomali, cogul gebelik ve plasenta anomalileri gibi
durumlardaperinatolojiyekonsultasyonoranlarininkamuya
gbre anlamli 6l¢ide daha distk oldugu saptanmistir3 Bu
belirsizlik yalnizca hastane duzeyindeki uygulamalarla
sinirli degildir. Toplum sagligl merkezlerinde gérev yapan
Halk Sagligi uzmanlarinin, TUKMOS miufredatinda yer
almayan defin islemlerine yonelik hizmet sunmalar da
benzer bir uygulama-mifredat uyumsuzlugunu ortaya
koymaktadir“® Buna ek olarak, is ve Meslek Hastaliklari yan
dalinda TUKMOS mifredati tanimlanmis olsa da, gérev
tanimlari, 6zlUk haklari ve saha uygulamalari konusundaki
bosluklar devam etmektedir® Bu durum, mifredatlarin
yalnizca igeriksel degil, ayni zamanda uygulanabilirlik ve
mevzuat dlizeyinde de glglendirilmesi gerekmektedir.

Tdm bu bulgular, ana dal ve yan dal uzmanlik alanlar
arasinda goreyv, yetkive sorumluluk sinirlarinin agik bigcimde
yeniden tanimlanmasi gerekliligini ortaya koymaktadir.
Egitim slUrecinde ana dal ve yan dal asistanlarinin
rotasyon, olgu paylasimi ve egitici erisimi konularinda
dengeli bicimde planlanmasi ve gdrev tanimlarinin saglik
mevzuatinda karsiligini bulacak sekilde yasal zemine
oturtulmasi gereklidir.

SONUC

TUKMOS, uzmanlik egitiminin niteligini artirmak ve ulusal
duzeyde standartlastirmak amaciyla énemli bir cerceve
sunmaktadir. Ancak bu sistemin sahada etkili olabilmesiigin
sadece hazirlanmasi degil, ayni zamanda uygulanmasinin
dizenli olarak izlenmesi ve denetlenmesi gerekmektedir.
Mifredatlarin  tim egitim kurumlarinda eksiksiz ve
tutarli sekilde hayata gecirilmesi, egiticilerin bu surece
aktif olarak katilmasi ve asistanlarin belirlenen 6grenme
hedeflerine ulagsmasi icin bir denetim mekanizmasina
ihtiyac¢ vardir. Bu denetim; yapilandirilmis geri bildirimler,
kurumlar arasi degerlendirmeler ve 6l¢cme-degerlendirme
verileriyle desteklenmelidir. Ayrica, sorunlarin ¢6zimdu igin
dis rotasyonlarda standardizasyon, aktif asistan katilimi
ve Ol¢me-degerlendirme streglerinin  gliclendirilmesi,
bilimsel arastirma kalttrinin desteklenmesi
gerekmektedir. TUKMOS'un zorunlu hale gelmesi, hem
egiticilerin  hem de asistanlarin bu sisteme yo6nelik
farkindalik ve sorumluluklarinin artmasini gerektirirken,
etkin bir uygulama ve kalite glivencesi icin sistematik
izleme ve dis degerlendirme sureclerinin kurulmasi kritik
onem tagimaktadir.
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ABSTRACT

Obijective: This study investigates the role of hematological inflammation markers in predicting urethral
stricture recurrence. Specifically, it examines the prognostic significance of the systemic immune-
inflammation index (Sl) and De Ritis ratio [aspartate aminotransferase (AST)/alanine aminotransferase
ALT)] in recurrence risk.

Methods: This retrospective cohort study included 51 patients who underwent direct visual internal
urethrotomy between 2019 and 2023. Patients were divided into recurrence and non-recurrence groups.
Clinical data, hematological, and biochemical parameters were analyzed, and the prognostic value of
SIl and De Ritis ratio (AST/ALT) was assessed using statistical methods.

Results: Sl was identified as a significant predictor of recurrence risk (area under the curve=0.689,
p=0.023). SlI values exceeding 591.42 were associated with a fourfold increase in recurrence risk (odds
ratio=4.0, 95% confidence interval: 1.36-11.74, p<0.05). In contrast, the De Ritis ratio (AST/ALT) was not
correlated with recurrence (p=0.924). Additionally, stricture length >2 cm was significantly associated
with higher recurrence risk (p=0.024).

Conclusion: SIl appears to be a valuable biomarker for predicting urethral stricture recurrence.
Integrating Sllinto clinical practice could facilitate early identification of high-risk patients and enable the
development of personalized treatment strategies. For patients with high Sl values, open urethroplasty
may be preferable to repeated endoscopic procedures. However, prospective multicenter studies are
needed to validate these findings in larger patient populations. Additionally, machine learning-based
prediction models may enhance the accuracy of recurrence risk assessment.

Keywords: Urethral stricture, systemic immuno-inflammation index, De Ritis ratio

0z

Amag¢: Bu calismada, Uretral darlik rekirrensinin - 6ngérilmesinde hematolojik enflamasyon
belirteglerinin rolt incelenmistir. Ozellikle sistemik immun-enflamasyon indeksi (SIl) ve De Ritis
oraninin [aspartat aminotransferaz (AST)/alanin aminotransferaz (ALT)] rekirrens riski Gzerindeki
etkileri arastintmistir.

Yéntem: Bu retrospektif kohort calismasina, 2019-2024 yillari arasinda dogrudan goruslu i¢ Gretrotomi
uygulanan 51 hasta dahil edilmistir. Hastalar reklrrens gelisenler ve gelismeyenler olarak iki gruba

ayrilmistir. Klinik veriler, hematolojik ve biyokimyasal parametreler incelenmis; Sii ve De Ritis oraninin
(AST/ALT) prognostik degeri istatistiksel analizlerle degerlendirilmistir.
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Bulgular: Rekiirrens riski icin Sii'nin anlamli bir belirte¢ oldugu saptanmistir (egri altinda kalan alan=0,689, p=0,023). 591,42'nin tzerindeki Sii
degerleri, Uretral darlik rekurrens riskini 4 kat artirmistir (olasilik orani=4,0, 95% glven araligi: 1,36-11,74, p<0,05). Buna karsilik, De Ritis oraninin
(AST/ALT) rekirrens ile iliskili olmadigl bulunmustur (p=0,924). 2 cm’den uzun darliklarin rekirrens riski belirgin sekilde daha yuksektir (p=0,024).
Sonug: Sii, tretral darlik rekiirrensini dngérmede degerli bir biyomarker olarak 6ne cikmaktadir. Klinik pratige entegrasyonu, ytiksek riskli hastalarin
erken tespit edilmesine ve bireysellestirilmis tedavi stratejilerinin gelistirilmesine katki saglayabilir. Tekrarlayan endoskopik islemler yerine agik
Uretroplasti, yiiksek Sii degerleri olan hastalar icin daha uygun bir secenek olabilir. Ancak, bu bulgularin daha genis hasta gruplarinda dogrulanmasi
icin ileriye dénitik cok merkezli calismalara ihtiyag vardir. Ayrica, yapay zeka tabanli tahmin modellerinin kullanilmasi, rektrrens 6ngértstini daha

hassas hale getirebilir.

Anahtar Kelimeler: Uretra darligi, sistemik immun-enflamasyon indeksi, De Ritis orani

INTRODUCTION

Urethral strictures (US) are medical conditions resulting
from fibrotic changes in the urethral epithelium and
corpus spongiosum. These changes can lead to lower
urinary tract symptoms, posing a significant clinical
concern for both patients and healthcare providers.
Urethral lumen narrowing may occur due to trauma,
infection, inflammation, or surgical interventions. The high
recurrence rate of strictures substantially impacts patients’
quality of life!

Inflammation plays a crucial role in the pathogenesis of
US. Chronic inflammatory processes can lead to stenosis
by damaging the urethral mucosa, promoting connective
tissue proliferation, and forming scar tissue. The complex
interactions among various cellular components-such as
neutrophils, lymphocytes, and platelets-are believed to
contribute significantly to stricture recurrence? However,
the specific biological markers associated with this
inflammatory process remain insufficiently understood.

US predominantly affect men, with a prevalence of
approximately 0.6%. The associated healthcare costs
exceed $200 million annually in direct expenditures?
Patients typically present with symptoms such as dysuria
(painful urination), pollakiuria (frequent urination), and
reduced urine flow. In advanced stages, US can lead to
severe complications, including urinary retention and
recurrent urinary tract infections.”

The management of US depends on various factors,
including the length, location, and underlying cause of
the stricture. One widely used treatment modality is
endoscopic intervention, favored for its cost-effectiveness,
minimally invasive nature, and reproducibility. Among
these procedures, directvisual internal urethrotomy (DVIU)
is particularly notable> However, the high recurrence rates
following DVIU highlight the need for new prognostic
markers to improve patient outcomes.

Recent research has focused on hematological
inflammation indices to enhance our understanding of US
and improve their clinical management. Key biomarkers
such as the neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), systemic immune-inflammation

N4

index (Sll), and De Ritis ratio [aspartate aminotransferase
(AST)/alanine aminotransferase (ALT)] have emerged
as potential indicators of inflammation’s role in these
pathophysiological processes.5’

Studies have explored the significance of inflammation
indices in predicting the prognosis of various urological
diseases. Specifically, NLR and SlII have been investigated
in relation to cardiovascular diseases, cancer, and chronic
inflammatory conditions® However, their impact on
urethral stricture recurrence risk remains insufficiently
explored.?®

Although these biomarkers are thought to correlate with
stricture severity, recurrence risk, and treatment response,
they must be considered alongside other clinical and
radiological findings. This study aims to assess whether
the De Ritis ratio (AST/ALT) and SII can predict urethral
stricture recurrence by analyzing clinical preoperative
data from patients undergoing single or multiple DVIU
procedures. Our findings may provide valuable insights for
developing personalized treatment strategies in urethral
stricture management.

METHODS

This retrospective cohort study examines the clinical
outcomes of 51 patients who underwent DVIU at the
Urology Clinic of izmir Katip Celebi University Atatirk
Training and Research Hospital, between 2019 and 2024.
Among them, 21 patients underwent a single DVIU, while
30 patients required multiple DVIU procedures. Data
were meticulously collected from medical records within
the urology service and outpatient clinic. The study was
approved by the izmir Katip Celebi University Health
Research Ethics Committee (decision number: 0063, date:
13.02.2025) and was conducted in accordance with the
Declaration of Helsinki.

The study included male patients aged 18 years or older
who had previously received treatment for urethral
stricture. However, the following exclusion criteria were
applied: patients with incomplete medical records, those
diagnosed with malignancies, individuals with uncontrolled
diabetes mellitus (DM), and patients with hematological,
liver, or kidney dysfunction. Additionally, patients who
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had received blood transfusions or had undergone open
urethral surgery were excluded from the study.

The collected patient data included both demographic
and clinical information. Demographic variables included
age, comorbidities, and smoking status, while clinical
data covered stenosis recurrence, duration of recurrence,
postoperative catheterization time, and follow-up period.

Additionally, a complete blood count and biochemical
analyses were conducted as part of the preoperative
anesthesia evaluation. These included neutrophil and
lymphocyte counts, hematocrit (HTC) levels, albumin
levels, NLR, De Ritis ratio (AST/ALT), and SlI. The SII was
calculated using the formula: SII = (neutrophil count x
platelet count)/lymphocyte count. All laboratory tests
were performed using standardized methods in the
hospital’s laboratory.

Preoperative evaluation of US was performed using
retrograde urethrography. The frequency and duration of
stricture recurrence were recorded based on follow-up
uroflowmetry and cystoscopy results. Recurrence duration
was defined as the time until either the first clinical signs
appeared (including symptoms and uroflowmetry findings)
after DVIU, or when a repeat DVIU became necessary.
Patients were monitored through clinical evaluations and
uroflowmetry every three months during the first year post-
DVIU, and every six months in the subsequent two years.

Statistical Analysis

All analyses were carried out using IBM SPSS Statistics
27 (Statistical Package for the Social Sciences) software.
Before conducting the statistical analyses, the distribution
of the data was assessed, and non-parametric tests were
selected for use when the data did not conform to a normal
distribution. The Mann-Whitney U test was employed for
group comparisons. For the analysis of categorical variables,

the chi-square (y?) test and Fisher's exact test were utilized.
Furthermore, the receiver operating characteristic analysis
was conducted to evaluate the discriminatory power of
continuous variables, with the area under the curve (AUC)
calculated accordingly. Descriptive statistics are presented
as mean * standard deviation or meantstandard error,
depending on the specific type of variable. A significance
level of p<0.05 was established for all statistical tests.

RESULTS

A total of 51 patients were included in the study. The mean
age was 63.7+2.5 years in the non-recurrence group and
64.622.7 years in the recurrence group. No significant
difference in age was observed between the two groups
(p>0.05). Smoking prevalence was 66.7% in the non-
recurrence group and 76.7% in the recurrence group;
however, this difference was not statistically significant.
The mean time to recurrence was 24.6+8.4 months. The
follow-up period was 15.3¥1.9 months (range: 3-32 months)
for non-recurrent cases, while it was 25+4.6 months (range:
1-120 months) in recurrent cases (Table 1).

The prevalence of hypertension (HT), DM, and coronary
artery disease (CAD) did not differ significantly between
the recurrence and non-recurrence groups. HT prevalence
was 47.6% in the non-recurrence group and 53.3% in the
recurrence group. DM incidence was 28.6% in the non-
recurrence group and 20% in the recurrence group. CAD was
observed in 4.8% of non-recurrent cases, while it affected
26.7% of recurrent cases (Table 1). The mean postoperative
catheterization duration was 6.76*0.3 days in the non-
recurrence group and 7.37x0.2 days in the recurrence
group. Notably, patients with a stricture length >2 cm had a
significantly higher risk of recurrence (p=0.024).

Of the non-recurrence group, 59.1% of patients had a
stricture length <2 cm, whereas of the recurrence group,

Table 1. Demographic data (non-recurrence and recurrence groups)

No recurrence (N) Recurrence (N)

(MeanSD) (MeantSD) pvalue
Age (years) 63.7+2.5 64.62.7
Smoking (%) 66.7% 76.7%
Stenosis recurrence time (months) - 24.6%8.4
Follow-up period (months) 15.3%1.9 (3-32) 25+4.6 (1-120)
Hypertension (%) 10 (47.6%) 16 (53.3%) p>0.03
Diabetes (%) 6 (28.6%) 6 (20.0%)
Coronary artery disease (%) 1(4.8%) 8(26.7%)
Post-operative catheter duratiom (days) 6.76x0.3 73702
Stricture length <2 cm (%) 13 (59.1%) 9 (40.9%)

p=0.024

Stricture length >2 cm (%) 8(27.6%) 21 (72.4%)
SD: Standard deviation
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72.4% had a stricture length >2 cm (Table 1). HTC levels
were 40.8%10.69 in both groups and showed no significant
association with recurrence (p>0.05). Additionally, AST and
ALT levels were comparable between groups (p>0.05). No
significant differences were found in neutrophil, platelet,
lymphocyte, or monocyte levels (Table 2).

The De Ritis ratio (AST/ALT) was not a significant predictor
of urethral stricture recurrence (AUC=0.508, p=0.924).
In contrast, SIl was a significant predictor of recurrence
[AUC=0.689, 95% confidence interval (Cl): 0.541-0.837,
p=0.023]. The optimal Sl cut-off was 591.42. Patients with
SIl >591.42 had a fourfold increased risk of recurrence
(odds ratio=4.0, 95% Cl:1.36-11.74, p<0.05) (Figure 1).

No significantassociation was found between smoking, DM,
HT, CAD, and stricture recurrence risk (p>0.05). However,

stricture length >2 cm was significantly associated with
recurrence (p=0.024).

DISCUSSION

US is a chronic condition characterized by inflammation
and spongiofibrosis, posing a significant clinical challenge
in urology due to its high recurrence rates! In recent
years, interest in hematological inflammation indices has
increased, particularly for predicting recurrence risk and
optimizing treatment strategies.”

This study aimed to evaluate whether specific
inflammatory markers could predict urethral stricture
recurrence. Our findings indicate that SII is a strong
predictor of recurrence risk (AUC=0.689, p=0.023). Notably,
patients with SII >591 had a markedly higher recurrence

Table 2. Laboratory data (non-recurrence and recurrence groups)
No recurrence (MeantSD) Recurrence (MeantSD) p value
HTC (%) 40.8+0.69 40.8+0.69
ALT (U/L) 17.4%1.0 17.4%1.0
AST (U/L) 19.2+5.81 19.2+5.81
Neutrophil (x10°/L) 5.67%2.68 5.67+2.68 p>0.05
Platelet (x10°/L) 270%82.1 270+82.1
Lymphocyte (x10%/L) 1.99+0.73 1.99+0.73
Monocyte (x10%/L) 0.707+0.467 0.707+0.467
SD: Standard deviation; HTC: Hematocrit, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase

ROC Curve
1.0 r
Source of the Curve
—HTC
— — De Ritis ratio
0.8 — Sistemik immmun inf index
- Reference Line
> 06
;.§ - AUC:
2 74 HTC _:0.059
& o4 | De Ritis : 0.508
A sl _:0.689
02 ]
0.0 <
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
Diagonal segments are produced by ties.
i T 95% Confidence
Cut-Off Sensitivity Specificity Area OR Interval P
SII 591.42 %67 %66 0.689 4.0 1.36-11.74 0.023

Figure 1. Sensitivity, specificity and ROC curve analysis of Sll, De Ritis and HTC

ROC: Receiver operating characteristic; AUC: Area under the curve; HTC: Hematocrit; OR: Odds ratio; SlI: Systemic immune-

inflammation index
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risk. This result aligns with previous studies exploring the
link between inflammation and fibrosis development’

Alarge-scale study by Ozsoy et al’ (703 patients) identified
a clear association between SII and urethral stricture
recurrence. Their findings suggest that SII may serve as a
reliable biomarker for predicting recurrence.

Similarly, a study by Urkmez et al® found a strong
correlation between NLR and wurethral stricture
recurrence. Our results further reinforce the potential role
of inflammatory biomarkers in predicting recurrence risk.

A study (208 patients) by Tokuc et al.'® aimed to develop a
preoperative method for predicting primary urethroplasty
success. Their innovative approach integrates machine
learning algorithms with inflammation indices such as
NLR, PLR, SIl, and pan-immune-inflammation values.
These findings represent a notable advancement in clinical
practice and provide promising opportunities for the
development of personalized treatment strategies.

In a study conducted by Gul et al." involving 303 patients,
various risk factors for recurrent urethral stricture following
internal urethrotomy were investigated, and a significant
association was found between stricture recurrence
and inflammation parameters. The study particularly
highlighted that hematological inflammation indices
might play a crucial role in predicting recurrent US. Our
findings are consistent with this study and further support
the impact of inflammation on urethral scar formation.

Our study did not establish a meaningful relationship
between the De Ritis ratio (AST/ALT) and recurrence
(p=0.924), suggesting that its role in urethral stricture
pathophysiology may be limited. Conversely, our results
highlight a clear association between Sll and recurrence,
reinforcing the idea that systemic inflammation plays
a key role in urethral scar formation mechanisms. In the
literature, the effects of inflammation on epithelial damage
and fibrotic tissue development have been widely studied,
and cytokines such as TGF-B and IL-6 are known to play a
significant role in this process.?"?

When evaluating patient comorbidities, no statistically
significant differences were detected between recurrence
and non-recurrence groups regarding smoking, HT,
diabetes, or CAD (p>0.05). However, patients with a
stricture length >2 cm exhibited a substantially higher
recurrence risk (p=0.024).

A systematic meta-analysis by Endo et al’ examined
recurrence risk factors after internal urethrotomy. Their
study emphasized the impact of stricture length, surgical
technique, inflammation, and patient characteristics
on recurrence rates. Our findings are in line with
previous studies, further underscoring the importance

of inflammatory and anatomical factors in recurrence
prediction.

Another meta-analysis by Ma et al.® identified smoking as
an independent risk factor for stricture recurrence after
urethroplasty. Smoking has been shown to contribute
to chronic inflammation and impair vascular endothelial
function, thereby increasing the risk of stricture
recurrence. In our study, smoking rates were higher in
the recurrence group, but this difference did not reach
statistical significance. Future research involving larger
patient cohorts may provide more conclusive evidence
regarding the influence of smoking on urethral stricture
recurrence.

Study Limitations

This study has certain limitations. Its retrospective
design hinders the assessment of dynamic changes in
inflammatory markers over time, while the relatively small,
single-center sample may limit the generalizability of the
findings. To validate these results and enhance their clinical
applicability, future prospective, multicenter studies with
larger patient populations are needed.

CONCLUSION

This study demonstrates that Sl is a significant biomarker
for predicting urethral stricture recurrence after DVIU.
When SlI levels exceed a specific threshold, the risk of
recurrence increases substantially. In contrast, the De
Ritis ratio (AST/ALT) was not found to be associated with
urethral stricture recurrence, indicating that its prognostic
value in this context is limited.

Our findings also suggest that patients with a stricture
length greater than 2 cm face a significantly higher
recurrence risk. This emphasizes that both inflammatory
processes and anatomical factors contribute to stricture
recurrence. Therefore, for patients with longer strictures, it
may be beneficial to consider surgical treatment options
at an earlier stage.

Integrating Sl into clinical practice could help identify
high-risk patients at an earlier stage, allowing for the
development of personalized treatment strategies. In cases
where Sll values are particularly high, open urethroplasty
techniques may be preferable over repeated endoscopic
procedures.

Additionally, incorporating machine learning algorithms
into recurrence prediction models may further enhance
their accuracy and clinical utility. By leveraging advanced
predictive tools, clinicians may be able to make more
informed decisions and optimize patient management in
urethral stricture treatment.
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ABSTRACT

Objective: Acute appendicitis (AA) is a common cause of acute abdominal pain in pediatric patients.
The diagnosis of AA in children can sometimes be difficult to make accurately. For this reason,
ultrasonography (US) and computed tomography (CT) are also commonly used methods for diagnosis.
Scoring systems such as the pediatric appendicitis score (PAS) have gained attention because they
integrate multiple clinical and laboratory parameters to help predict AA. The aim of this study was to
evaluate the efficacy of various clinical, laboratory, and imaging parameters in diagnosing appendicitis
in children and to determine which factors are most predictive for accurate diagnosis.

Methods: The study included 153 patients who presented to the pediatric emergency department with
abdominal pain and were operated on for AA. PAS was calculated for each case. Patients were divided
into two groups as “appendicitis” and “non-appendicitis” according to pathology results.

Results: The positive predictive value and negative predictive value of US in the diagnosis of appendicitis
were found to be 60% and 87%, respectively, while CT showed higher accuracy rates with 86% sensitivity
and 97% specificity. Logistic regression modeling to investigate which parameters influence the
histomorphologic diagnosis of appendicitis revealed that younger age increased the likelihood of
appendicitis by 4.29-fold, high white blood cell increased it by 5.44-fold, high PAS increased it by 7.87-
fold, and diagnostic US increased it by 7.91-fold.

Conclusion: The study suggests that the combination of laboratory tests and imaging modalities can
improve the accuracy of appendicitis diagnosis, especially in children, and prevent unnecessary surgery.

Keywords: Acute appendicitis, pediatric appendicitis score, clinical decision
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Amag: Akut apandisit (AA), cocuk hastalarda akut karin agrisinin yaygin bir nedenidir. Cocuklarda AA
tanisini dogru koymak bazen zor olabilir. Bu hedenle ultrasonografi (US) ve bilgisayarli tomografi (BT) de
tani i¢in yaygin olarak kullanilan yontemlerdir. Pediatrik apandisit skoru (PAS) gibi skorlama sistemleri,
AA'y1 dngdrmeye yardimcel olmak icin birden fazla klinik ve laboratuvar parametresini entegre ettigi icin
dikkat ¢ekmistir. Bu calismanin amaci, ¢ocuklarda apandisit tanisi koymada c¢esitli klinik, laboratuvar
ve gorlntlleme parametrelerinin etkinligini degerlendirmek ve hangi faktorlerin dogru tani igin en
6ngoruci oldugunu belirlemektir.
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Yontem: Calismaya cocuk acil servisine karin agrisi ile basvuran ve AA 6n tanisi ile ameliyat edilen 153 hasta dahil edildi. Fizik muayene bulgular
ve laboratuvar parametreleri kullanilarak her olgu icin PAS hesaplandi. Hastalar patoloji sonuglarina gére “apandisit” ve “apandisit olmayan” olarak
iki gruba ayrildi. Bu iki grup laboratuvar parametreleri, gorintileme bulgulari ve PAS acisindan karsilastirildi.

Bulgular: Apandisit tanisinda US'nin pozitif prediktif degeri ve negatif prediktif degeri sirasiyla %60 ve %87 olarak bulunurken, BT %86 duyarlilik
ve %97 6zgullik ile daha yliksek dogruluk oranlari gésterdi. Apandisitin histomorfolojik tanisini hangi parametrelerin etkiledigini arastirmak igin
yapilan lojistik regresyon modellemesi, geng yasin apandisit olasiligini 4,29 kat, yliksek beyaz kan hlicresi'nin 5,44 kat, yuksek PAS'nin 7,87 kat ve

tanisal US'nin 7,91 kat artirdigini ortaya koydu.

Sonug: Bu calisma, laboratuvar testleri ve goriintiileme yontemlerinin kombinasyonunun &zellikle cocuklarda apandisit tanisinin dogrulugunu

artirabilecegini ve gereksiz cerrahiyi 6nleyebilecegini gbstermektedir.

Anahtar Kelimeler: Akut apandisit, pediatrik apandisit skoru, klinik karar

INTRODUCTION

Acute onset abdominal pain is one of the most common
causes of admission to the pediatric emergency
department. When evaluating abdominal pain according
to its etiology, it is necessary to first rule out the causes
of acute abdomen because of the high mortality and
morbidity associated with it. In childhood, especially in
a certain age group, the most common and important
cause of acute abdomen presenting to the emergency
department is acute appendicitis (AA)!? AA is most
commonly diagnosed in the second decade of life. The
average lifetime risk of developing AA is 8%.*> In the United
States of America, 80,000 children are treated for AA every
year, and this rate was reported to be 4/1000 in children
under 14 years, of age.®

In addition to the high number of cases presenting to
emergency departments with abdominal pain, the difficulty
in diagnosing AA in pediatric patients poses a diagnostic
challenge. In approximately one-third of pediatric cases,
AA does not present with typical symptoms. This leads to
delayed diagnosis, the emergence of complications, and
an increase in mortality rates” For this reason, additional
imaging methods and scoring systems that facilitate
diagnosis are becoming increasingly important®® A
detailed history and focused physical examination are of
paramount value. Initial diagnostic tests should evaluate
the serum levels of inflammatory biomarkers in these
patients. Among the imaging methods, ultrasonography
(US) should be the initial examination because it is non-
invasive, it is accessible, and its cost is low compared to
other methods. However, the inherent conditions, such
as dependence on the individual and being affected by
adipose tissue and intestinal gases, make it difficult for
this examination to reach an accurate result!®" If there
is difficulty in diagnosis, pelvic-abdominal computed
tomography (CT) is used in many clinics, including ours, for
the diagnosis of AA in children due to its high sensitivity,
and specificity.?? Although magnetic resonance imaging
(MRI) is known to produce results comparable to those
of CT, unfortunately, patients cannot undergo MRI due to
difficult access in many emergency departments, as CT
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scans continue to be performed. Although CT scanning
has saved many patients from unnecessary surgeries, it
has also exposed many patients to unnecessary radiation.
This situation is worrisome regarding the cancer risk that
pediatric patients will face.“" Therefore, the importance
of scoring systems that combine multiple parameters has
increased. Some of these are scoring systems such as the
pediatric appendicitis score (PAS), the Alvarado score, and
the Refined Low-Risk Appendicitis Score 8167

In this study we aimed to determine the parameters
most important for accurately diagnosing appendicitis in
childhood.

METHODS

This study was planned as an observational, cross-
sectional, retrospective study. The study was conducted
in a tertiary pediatric emergency department between
January 1, 2019, and December 31, 2021. The study data
were accessed from the hospital automation system. The
study was approved by the izmir Katip Celebi University
Non-Interventional Clinical Research Ethics Committee
(decision number: 0478, date: 26.10.2023). All patients who
presented to the emergency department with complaints
of abdominal pain, whose examinations were completed
in the emergency department, and who were diagnosed
with appendicitis, and operated on, were included in
the study. Those who were administered analgesic drugs
before admission or in the emergency department, those
who had some tests performed in a different laboratory,
those who were not operated on, those who could
not undergo a histomorphologic examination of the
specimen obtained after the operation, those who were
younger than two years of age, those with abdominal
pain due to non-abdominal causes, pregnant women,
those who could not establish a verbal relationship due
to mental retardation or other mental illnesses, those
diagnosed with Familial Mediterranean Fever, those who
were immunosuppressed, and those who had undergone
abdominal surgery were excluded from the study.In
the study, besides age and gender, the day and time of
admission was obtained. Hemogram parameters, serum



C-reactive protein (CRP) level, and procalcitonin level
were determined as acute phase reactants in each patient.
The nephelometric method was used to measure CRP
(BN™ || System Siemens, CRP reagent Ireland), and a level
of 0.0 to 0.8 mg/dL was thought to be normal. A complete
blood count was evaluated with an electronic cell counter
(COULTER LH 780 Hematology Blood Analyzer from
Beckman Coulter). PAS was calculated for each case using
physical examination findings and laboratory parameters.®
PAS includes eight parameters and was scored on a scale
of 10 points (Table 1). According to this scoring system, 1-3
were considered negative, 4-7 were considered suspicious,
and 8 and above were considered positive.® In addition,
abdominal ultrasounds evaluation was performed in all
patients. All of the patients were examined using a system
called SonoAce X8 from Samsung Medison in Seoul, Korea.
This system had a 3 to 7 MHz convex transducer and a 5 to
12 MHz linear transducer. According to the ultrasound, the
appendix had “AA”" if it had a diameter of more than 6 mm
from front to back, fluid around the appendix, an image of
low-contrast inflammation, fluid inside the appendix, and
the ability to compress the appendix.'®® Abdominal CT
examination was performed, additionally, in cases where
the diagnosis could not be made with these evaluations.
CT scanning was performed using a Siemens SOMATOM
Definition Flash dual-source 128 multi-detector scanner
(Siemens Medical Solutions, Forchheim, Germany): tube
voltage, 100 kVp; tube current, 87 and 190 maA; slice
thickness, 6 mm; and 40 mL Xenetix® (Guerbet, Gorinchem,
The Netherlands) at a rate of 4 mL/s. Post-contrast scanning
was performed 60 seconds after intravenous injection of
Xenetix 350. A low-dose technique was applied, and the
effective dose was calculated for each scan with a size-
specific dose estimate. If the appendix could not be seen
on the CT scan, its outer diameter was less than 6 mm, or
peri-appendiceal strands were missing, it was thought that
there was “no AA"?2 Postoperatively, the specimens were
evaluated by blinded pathologistsindependent of the study
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group. The presence of polymorphonuclear leukocytes,
lymphocytes, or plasma cells in appendicitis biopsy was
considered histopathologically diagnostic for “AA”. The
absence or minimal presence of acute inflammatory cells
or a normal appearance of the appendix was interpreted
histopathologically as “no AA." The patients were divided
into two groups as “those with appendicitis” and “those
without appendicitis” according to the pathology results.
We compared these two groups in terms of laboratory
parameters, imaging findings, and PAS.

Statistical Analysis

We used SPSS (Statistical Package for Social Sciences
version 17.0) while evaluating the study’s findings. The
Kolmogorov-Smirnov test was used to determine whether
the distribution of continuous numerical variables was
close to normal. Frequency indicators of numerical
data were presented as mean t standard deviation and
median [interquartile range (IQR)], whereas discrete
data, as percentages. A t-test was used to compare the
relationships between continuous data. A chi-square test
was used to compare discrete data, and Fisher's exact
test was used when the chi-squared assumption (x?) was
not met. In addition, the relationships of continuous data
were analyzed by Pearson’s correlation analysis. Logistic
regression analysis was used to predict which cases would
be histopathologically diagnosed as appendicitis. In
addition, a receiver operating characteristic (ROC) curve
was drawn to find the cut-off value of PAS. A p value less
than 0.05 was considered significant.

RESULTS

A total of 153 patients were included in the study. Of these,
99 (64.7%) were male and 45 (29.41%) presented between
08:00 and 16:00. The median age was 13 years (IQR=11-15).
We took a detailed history, physical examination, blood
tests, abdominal ultrasound, and abdominal CT imaging.
According to the results of these tests, the median white

Table 1. Pediatric appendicitis score and right lower quadrant criteria

Sign/symptoms

Point

Nausea/emesis

Anorexia

Migration of pain to RLQ

Low grade fever (>38.0°)

RLQ tenderness on light palpation

Cough/percussion/heel tapping tenderness at RLQ

Leukocytosis (>10,000/mm?)

Left shift (>75% neutrophilia)

— =N =] ===

Total

10

RLQ: Right lower quadrant
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blood cell (WBC) count was 14500/mm?3 (IQR=11600-
19050), the median neutrophil count was 11800/mm?
(IQR=8200-16650), the median serum CRP level was 19.8
mg/dL (IQR=4.5-75.6), and the median serum procalcitonin
level was 0.09 mg/dL (IQR=0.02-0.53) (Table 2).

According to the abdominal ultrasound results, 68 (44.4%)
patients had normal results. The mean PAS obtained
from these data was 6.8£1.05 (minimum-maximum=3-9).
Abdominal CT imaging was performed in 21 undiagnosed
cases, and pathology was detected in 15 (71.42%). As a
result, surgeries were performed on all cases. We took the
specimen from the operation for pathologic examination
and evaluated the results. Accordingly, histomorphologic
findings in 137 (89.5%) cases were consistent with
appendicitis (Table 3).

The comparison of age, sex, WBC, autonomic nervous
system (ANS), CRP,and procolcitonin results of patients with
and without appendicitis according to histomorphologic
findings is shown in Table 2.

Of the 137 people whose appendicitis was confirmed
by histomorphology, 83 (60.58%) had it also detected
on abdominal ultrasound. In the abdominal ultrasound
examinations of 16 patients, in whom appendicitis was not
identified via histomorphology, appendicitis was found
on the ultrasound in only 2 cases (12.5%). This difference
was statistically significant (p=0.01, X2=11.5) (Table 3). Based
on these results, the PPV of abdominal ultrasound for
the diagnosis of appendicitis was 0.60, and the negative
predictive value (NPV) was 0.87 (Table 4).

Table 2. Distribution of age, gender, and laboratory data of cases by groups

Total (n=153) AA (+) (n=137) AA (-) (n=16) P
Age, median (IQR) 13 (11-15) 13 (11-15) 14.5 (11.25-17.00) 0.087
Sex, n (%)
Male 99(64.7%) 90 (90.9%) 9(9.1) 0.45
Female 54 (35.3%) 47 (87%) 7 (13)
WBC (/mm3) median (IQR) 14.5 (11.6-19.05) 14.8 (11.45-18.95) 14.1 (11.70-21.60) 0.87
ANC (/mm3) median (IQR) 11.8 (8.2-16.65) 11.8 (8.25-16.3) 9.9 (7.4250-19.35) 0.53
CRP (mg/dL), median (IQR) 19.8 (4.5-75.6) 22 (4.35-76.4) 7.95(7.20-21.725) 0.30
PRC (mg/dL), median (IQR) 0.09 (0.02-0.53) 0.08 (0.0125-1.28) 0.27 (0.23-0.275) 0.25

(gender comparison X?, t-test used for other comparisons)

IQR: Interquartile range, AA: Acute appendicitis, WBC: White blood cell, ANC: Absolute neutrophil count, CRP: C-reactive protein, PCR: Procalcitonin

Table 3. Distribution of imaging and scoring systems according to the presence or absence of appendicitis based on the
histopathological result of the operation material of the cases
Telokn | wharisose | Totl P x:
US AA () 14 (20.6%) 54 (79.4%) 68 (100%) 0.01 1.5
US AA (+) 2 (2.4%) 83 (97.6%) 85 (100%)
CTAA(-) 4 (66.7%) 2 (33.3%) 6 (100%) 0.015 5.9
CT AA(+) 2 (13.3%) 13 (86.7%) 15 (100%)
PAS <7 11 (21.15%) 41 (78.85%) 52 (100%) 0.02 0.6
PAS >7 5 (4.95%) 96 (95.05%) 101 (100%)
Op: Operation, US: Ultrasound, CT: Computed tomography, AA: Acute appendicitis, PAS: Pediatric appendicitis score

Table 4. Validity test results of imaging and scoring systems at different cutoff points

Sensitivity Specificity PPV NPV
CcT 0.86 0.97 0.86 0.66
us 0.97 0.20 0.60 0.87
PAS=5 0.94 0.31
PAS=6 0.7 0.68
PAS=7 0.95 0.21 0.70 0.68

PPV: Positive predictive value, NPV: Negative predictive value, US: Ultrasound, CT: Computed tomography, PAS: Pediatric appendicitis score




In the abdominal CT tests that were done on 15 patients
who had histomorphologic signs of appendicitis, 13
(86.66%) showed signs of appendicitis. In the abdominal
CT evaluations, appendicitis was detected in only 2 out
of 6 patients (33.3%) in whom it was not initially detected
by histomorphology. This difference was statistically
significant (p=0.015,%?=5.9) (Table 3). Based on these results,
the PPV of abdominal CT for the diagnosis of appendicitis
was 0.86, and the NPV was 0.66 (Table 4).

Based on the histomorphology results, 96 (70.07%) of the
137 patients who were diagnosed with appendicitis had
PAS 7 or higher. Based on the histomorphology results
of 16 cases, no signs of appendicitis were found. PAS 7 or
higher was found in only 5 cases, or 31.25%. This difference
was statistically significant (p=0.02, x?=0.6) (Table 3). To
determine if someone has appendicitis, the PPV for a PAS
of seven or more was found to be 0.70, and the NPV was
0.68 (Table 4). No significant association was found when
examining the effect of presentation during working hours
or on-call hours on the histomorphologic diagnosis of
appendicitis (p=0.18 and %2=1.7).

We used logistic regression modeling to determine which
parameters changed the histomorphologic diagnosis
of appendicitis. It was found that younger age increased
the odds of appendicitis 4.29 times, higher WBC counts
increased them 5.44 times, higher PAS increased them 7.87
times, and the use of diagnostic ultrasound increased them
7.91 times. Lab tests were compared to each other using
PAS, and a weak positive correlation was found between
WBC and PAS (r=0.43, p<0.01) and between ANS and PAS
(r=0.42, p<0.01).

We investigated the relationship between the results of
abdominal ultrasound and PAS. The mean PAS score of
patients with a diagnostic abdominal ultrasound result
was 6.94%0.83, while the mean PAS score of patients with a
normal abdominal ultrasound result was 6.75%1.24 (p=0.26
and T=11).

We analyzed the relationship between the results of
abdominal CT and the PAS score. The mean PAS score was
7.06%1.03 in patients with a diagnostic result on abdominal
CT, while it was 6.020.89 in patients with a normal
abdominal CT (p=0.03, T=2.2). Regarding the correlation
between histomorphologic results of surgery and PAS, the
mean PAS was 6.94%1.02 in cases with a diagnostic result
for appendicitis, while the mean PAS was 6.1221.02 in cases
with normal results (p=0.003 and T=3).

As a result of our analysis , we found the sensitivity and
specificity ofabdominal CTto be 0.86and 0.97, respectively,
and the sensitivity and specificity of abdominal ultrasound
to be 0.97 and 0.20, respectively. According to the ROC
curve, we drew to determine the ideal cutoff of the PAS
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score, the sensitivity was 0.70, and the specificity was
0.68 when PAS=6. The area under the curve was 0.721
(intermediate level) (Figure 1).

DISCUSSION

The aim of this study was to determine how effective the
investigations are when performed in patients presenting to
the pediatric emergency department with acute abdominal
pain, especially in the diagnosis of AA. We analyzed the role
of ultrasound in the diagnosis of appendicitis. Ultrasound
was able to confirm the diagnosis of appendicitis 97% of the
time; but it wasn't always enough to make a final diagnosis
because of its limitations. In such cases, a PAS value of 7
or higher has been found to have a diagnostic sensitivity
of 70%. However, the combination of young age, high PAS
score, high WBC count, and diagnostic ultrasound has been
shown to be extremely likely to indicate appendicitis. These
findings emphasize the importance of using multiple tests
and parameters together in the diagnosis of appendicitis,
especially in children presenting with acute abdominal pain.
Such results may make important contributions to clinical
practice, as the combined use of multiple diagnostic tools
may increase the chances of making the correct diagnosis
and help prevent unnecessary surgeries. However, it should
be kept in mind that each test alone may not be sufficient,
and the specific situation of each patient should be taken
into account.
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Figure 1. ROC curve for the pediatric appendicitis score

ROC: Receiver operating characteristic
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In the study by Tasar et al.é, the mean age of 220 patients
diagnosed with AA was found to be 13 years. This finding is
consistent with the studies in the literature on appendicitis
in childhood, because these studies generally emphasize
that appendicitis cases are more common in children in
the second decade.**> Similarly, in our study, the median age
of the cases diagnosed with AA was found to be 13 years.
This is in parallel with literature findings and suggests that
appendicitis cases in childhood are more common in this
age group.

In terms of gender, Sayed et al.”? reported that 60% of the
140 cases diagnosed with AA were male. This finding is also
compatible with the general trend in the literature because,
in many studies, it has been reported that boys have 7-9
times higher risk of appendicitis than girls.> A similar result
was obtained in our study. The number of male and female
cases was found to be 99 and 54, respectively, and it was
observed that boys were more common.

These findings support the idea that appendicitis cases are
more common, especially in boys, and the average age is
more concentrated in individuals in the second decade.
Furthermore, this gender and age distribution suggests
that they are important factors for the diagnosis and
management of appendicitis in clinical practice.

In this study, we examined the validity of various
laboratory tests and imaging methods to determine the
diagnostic accuracy of AA. In a study conducted by Bal
et al® on 96 cases of AA, mean WBC, ANC, and CRP of
the patients with histopathologic AA were 151, 12.1, and 14
mg/dL, respectively. In cases without histopathologic AA,
the mean WBC was 11300, ANS was 8200, and CRP was
4.8 mg/dL. These findings indicate elevated acute phase
reactants. Although the increase in these values is non-
specific in inflammatory conditions such as AA, studies
have found that inflammatory marker levels in such tests
are significantly elevated.”?* Similarly, in our study, WBC,
ANS, and CRP values were found to be significantly higher
in the group with histopathologically positive results after
appendectomy. This is an important finding that increases
the accuracy of the diagnosis of AA.

The validity of ultrasound in the diagnosis of AA is also
frequently discussed in the literature. On the other hand,
a study by Tasar et al.® found that ultrasound had a 67.9%
sensitivity, a 78.4% specificity, a 64.7% PPV, and an 80.7%
NPV.The study by Bal et al.” also found that ultrasound had
a sensitivity of 59%, a specificity of 75%, a PPV of 77%, and a
NPV of 57%. Sayed et al.? found the sensitivity of ultrasound
to be 55.6%, specificity to be 76.9%, PPV to be 76.9%, and
NPV to be 68%. The literature reports that the sensitivity
of ultrasound in diagnosing AA varies between 60% and
93.1%.182527 |n our study, the sensitivity of ultrasound was
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found to be 97%, specificity was found to be 20%, PPV was
found to be 60%, and NPV was found to be 87%. Although
this high sensitivity indicates that ultrasound plays an
important role in the diagnosis of appendicitis, the low
specificity suggests that it may sometimes lead to false
positive results.

CT, another imaging modality, has a very high sensitivity
and specificity in the diagnosis of AA. Studies have shown
that the sensitivity and specificity of CT vary between 94%
and 100% and 93% and 100%, respectively.*?832 However,
the use of CT in children may lead to long-term health
risks due to ionizing radiation. Therefore, it is emphasized
that minimizing radiation use should be our focus. In our
study, the sensitivity, specificity, positive predictive value,
and NPV of CT were 86%, 97%, 86%, and 66%, respectively.

These results were found to be quite high, consistent
with the literature. The findings of this study show that
laboratory tests and imaging methods are important tools
in the diagnosis of AA. In particular, high WBC, ANS, and
CRP values are important parameters supporting the
diagnosis of appendicitis. The tests, ultrasound with its high
sensitivity and CT with its high accuracy, are important for
provideing clinical decision support. However, considering
the radiation risks of CT, it is concluded that alternative
methods should be used to prevent its unnecessary use.

PASisa practical, reproducible, and low-cost scoring system
that can be easily applied in emergency departments.
Many studies in the literature have shown that the PAS
score is effectively used in the diagnosis of AA 333

The study by Schneider et al® looked at 588 people who
were suspected of having AA. They found that PAS 26
had 82% sensitivity and 65% specificity. Similarly, in two
other studies in which PAS values of 7 and above were
accepted, sensitivity ranged between 97.6% and 100%, and
specificity ranged between 92% and 96%.73° In the study
by Bhatt et al.’, PAS >8 values were considered significant,
with selectivity for this value being 95.1 and PPV found
to be 85.2%. In the study by Tasar et alé sensitivity was
calculated as 58.0%, specificity as 94.9%, PPV as 87.0%, and
NPV as 79.5% in cases with a PAS above 8.6 In the study by
Sayed et al.?, when they took 5 as the cut-off point for PAS,
sensitivity was 95%, specificity 84%, PPV 82%, and NPV 82%.

In our study, the sensitivity and specificity were 94% and
31% when the PAS score was 5 and above, 70.1% and 68%
when PAS 26, 95% and 21% when PAS >7. These results are
consistent with other studies in the literature and show
that the sensitivity and specificity of the PAS score vary at
different cut-off points. With its high sensitivity, the PAS
score may be effective as a clinical decision support tool at
an early stage in the diagnosis of appendicitis. However, the
specificity of the PAS score may vary significantly depending



on the cut-off point used. Therefore, the PAS score alone
should not be used to confirm the diagnosis and should
be evaluated in conjunction with other diagnostic tests
(e.g., ultrasound). In our study, PAS scores of 7 or higher had
higher sensitivity and lower specificity than lower scores.
This suggests that a certain threshold value should be used
for the PAS score in diagnosing appendicitis. Generally,
the PAS score may be an important adjunctive tool in
the diagnosis of AA, but it is recommended to integrate
this score into an algorithm that evaluates it along with
other clinical findings, before incorporating it into clinical
practice.

In the study by Bal et al’® as in our study, a logistic
regression analysis was performed based on the positive
histopathological result of appendectomy. In their study,
they concluded that a diagnostic ultrasound and a PAS
greater than 7 were significant. Similarly, in our study,
ultrasound, PAS, and even higher WBC count, and younger
age increased the likelihood of diagnosis.

Study Limitations

The retrospective nature of this study inevitably introduces
the risk of selection bias and data loss. Although all
eligible patients were included based on explicitly defined
inclusion criteria, the accuracy and completeness of
the data relied heavily on the precision of entries in the
hospital information system. Moreover, US outcomes may
have varied depending on the operator’s level of expertise,
a factor not controlled for in the study design.

Finally, while the PAS was assessed, it was not applied in a
standardized manner across all clinicians, which may have
contributed to inter-observer variability in scoring.

Future multicenter, prospectively designed studies are
warranted to enhance the validity and generalizability of
the findings.

CONCLUSION

We have shown that the presence of a diagnostic ultrasound
in combination with high PAS is useful in the diagnosis of
AA. The contribution of this study to the literature is to
draw attention to the increased frequency of performing
abdominal CT in recent years. The protection of children
from ionizing radiation should be the primary duty of all
health professionals working in this field. We believe that
the design of this prospective study with a radiation-free
examination, such as MRl instead of CT, will fill a gap in the
literature, if the appropriate funding is provided.
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ABSTRACT

Objective: Bloodstream infections (BSlIs) require rapid identification to initiate timely antimicrobial
therapy, yet blood culture-the current diagnostic gold standard-suffers from delayed results and limited
sensitivity. This study aimed to develop an interpretable machine learning (ML) model using routine
laboratory parameters to predict blood culture positivity.

Methods: A total of 1,972 adult patients who underwent complete blood count, C-reactive protein,
procalcitonin (PCT), and blood culture testing at a tertiary hospital were retrospectively included. Three
models-random forest, H,O automated ML, and an ensemble model-were developed and evaluated
using standard classification metrics [area under the curve (AUC)-receiver operating characteristic
(ROCQ), sensitivity, specificity, F1 scorel. SHapley Additive exPlanations (SHAP) analysis was employed to
enhance interpretability.

Results: The ensemble model yielded the best performance, achieving an AUC-ROC of 0.95, sensitivity
of 0.78, specificity of 0.97, and F1 score of 0.84. External validation on an independent cohort confirmed
the model’s generalizability (AUC-ROC: 0.85). SHAP analysis revealed that age and PCT were the most
influential features with both statistical and clinical relevance. Basophil count, while ranked highest
by SHAP, showed low sensitivity, highlighting the difference between algorithmic weight and bedside
utility.

Conclusion: These findings support the integration of routine, readily available laboratory data into
an explainable Al framework to accurately predict culture positivity. The model’s strong performance
and interpretability suggest its potential application in clinical decision support systems to improve
diagnostic stewardship, reduce unnecessary cultures, and optimize resource use in suspected BSI cases.

Keywords: Sepsis, blood culture, machine learning, procalcitonin, C-reactive protein

6z

Amag: Kan dolasimi enfeksiyonlarinda (KDE) erken tani, zamaninda antimikrobiyal tedavi baslatilmasi
acisindan kritik dneme sahiptir. Ancak, mevcut altin standart tani ydntemi olan kan kultura, gecikmeli
sonu¢ vermesi ve dusik pozitiflik orani nedeniyle sinirlidir. Bu ¢alismanin amaci, rutin laboratuvar
verilerini kullanarak kan kulttrt pozitifligini 6ngoérebilecek yorumlanabilir bir makine égrenimi (ML)
modeli gelistirmektir.

Yéntem: Uciincii basamak bir hastanede tam kan sayimi, C-reaktif protein, prokalsitonin (PCT) ve kan
kultura testi yapilan toplam 1.972 yetiskin hasta retrospektif olarak calismaya dahil edilmistir. Rastgele
orman, H,O otomatik ML ve bir ensemble (birlesik) model olmak tzere (g farkli model gelistirilmis ve
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AUC-ROC, duyarlilik, 6zgtilliik ve F1skoru gibi siniflandirma dlgutleriyle degerlendirilmistir. Modelin yorumlanabilirligini artirmak amaciyla SHapley

Additive exPlanations (SHAP) analizi uygulanmistir.

Bulgular: Ensemble model en iyi performansi géstermis; [alici isletim karakteristigi egrisi (AUC)-egri altindaki alan (ROC)I: 0,95, duyarlilik:
0,78, dzgulluk: 0,97 ve F1 skoru: 0,84 olarak bulunmustur. Bagimsiz bir dogrulama veri seti Uzerinde yapilan analiz, modelin genellenebilirligini
dogrulamistir (AUC-ROC: 0,85). SHAP analizine gore yas ve PCT hem istatistiksel hem de klinik agidan en etkili degiskenler olarak 6ne ¢ikmistir.
Basofil sayisi ise algoritmik olarak ylksek énem tasimasina ragmen distk duyarliligi nedeniyle klinik faydasi sinirli bulunmustur.

Sonug: Bu sonuglar, rutin laboratuvar verilerinin agiklanabilir yapay zeka cercevesinde kullanilarak kan kaltiri pozitifliginin yiksek dogrulukla
ongorilebilecegini gostermektedir. Modelin glicli performansi ve yorumlanabilirligi, tani yonetimini iyilestirmek, gereksiz kulturleri azaltmak ve
stpheli KDE olgularinda kaynak kullanimini optimize etmek icin klinik karar destek sistemlerinde potansiyel bir uygulama oldugunu géstermektedir.

Anahtar Kelimeler: Sepsis, kan kulturt, makine 6grenimi, prokalsitonin, C-reaktif protein

INTRODUCTION

Bloodstream infections and sepsis remain leading causes
of morbidity and mortality, especially in critically ill and
immunocompromised patients. Early identification of
bacteremia is essential to initiate timely antimicrobial
therapy, which can significantly reduce adverse outcomes.
However, blood culture-the current gold standard
diagnostic method-is limited by low positivity rates and
delayed results, often requiring 24-72 hours.'?

To bridge this diagnostic delay, clinicians frequently
rely on nonspecific biomarkers such as complete blood
count (CBC), C-reactive protein (CRP), and procalcitonin
(PCT). While these markers offer some insight, their
standalone predictive value remains suboptimal. Studies
have shown that PCT outperforms CRP in specificity for
bacterial infections, but both lack adequate sensitivity to
reliably predict positive cultures3* Moreover, traditional
clinical assessment is often inaccurate and inconsistent in
estimating bacteremia risk.®

Recent developments in artificial intelligence (Al) and
machine learning (ML) have opened new avenues for early
bacteremia prediction using routine clinical data. Several
studies have demonstrated that ML algorithms can improve
predictive accuracy by combining laboratory values, vital
signs, and demographic information.®’ These models have
yielded area under the curve (AUC) values of up to 0.84,
indicating high potential in differentiating between true
infections and false alarms.®

However, many existing models are limited by dataset
specificity, exclusion of key demographic factors (such
as age and sex), and lack of explainability, which hinders
clinical adoption.? Additionally, hematological markers like
neutrophil-to-lymphocyte ratio, band count, and platelet
levels (which are routinely available and cost-effective) are
often underutilized in current models, despite evidence
supporting their role in predicting bacteremia.'®

The present study aims to address these limitations by
developing a ML-based model that integrates hemogram
parameters, CRP, PCT, age, and gender to predict blood
culture positivity. This approach not only leverages data
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readily available at the point of care but also contributes
to diagnostic stewardship by reducing unnecessary testing
and improving the timing of antimicrobial interventions.

METHODS
Study Population/Subjects

This study was conducted at University of Health Sciences
Turkiye, izmir Tepecik Training and Research Hospital.
Patients who presented to this center and its affiliated
hospital (AH) between January 1, 2024, and March 31,
2025, and underwent first-time blood culture, CBC, PCT,
and CRP tests were included. The baseline characteristics
of the study population are shown in Table 1. Patients
with incomplete test results, sub-parameters missing, or
contaminating agents detected in blood cultures were
excluded.

Hemogram samples were analyzed in both hospitals using
Sysmex XN-1000 (Kobe, Japan) hematology analyzers; CRP
tests were analyzed using Beckman Coulter AU-5800 in
the main hospital and Beckman Coulter AU680 (California,
USA) in the AH; and PCT tests were analyzed using Siemens
Advia Centaur XPT (chemiluminescence immune assay,
Erlangen, Germany) at the main hospital and Beckman
Coulter DXI-800 (chemiluminescence immune assay,
California, USA) at the AH.

Venous blood samples were collected under aseptic
conditions into automated blood culture bottles from
the Biomerieux BacT/Alert 3D (France) brand. Translated
with Deepl.com (free version). The bottles were placed
in the corresponding brand-specific incubator system
for continuous monitoring. Bottles that flagged positive
for microbial growth were subcultured onto appropriate
culture media. Following incubation, colony morphology
was assessed, and species identification was performed by
a clinical microbiologist using Gram staining, biochemical
assays, and/or automated identification systems.

The reagents and calibrators were provided by Sysmex
for hemogram analyses and by Beckman Coulter for CRP
and PCT measurements. Using the respective automated
analyzers, all analyses were carried out in accordance with
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Figure 1. The Standards for Reporting Diagnostic Accuracy diagram

AutoML: Automated machine learning

the manufacturers’ instructions. Routine maintenance and
calibration procedures were performed regularly to ensure
analytical accuracy and reliability.

Internal quality control for the hemogram was ensured
using materials supplied by the manufacturer (Sysmex),
whereas quality control for CRP and PCT assays was
performed using materials obtained from Bio-Rad
(California, USA).

Study Design

Before starting this retrospective study, ethical approval
was obtained from the Ethics Committee of University
of Health Sciences Turkiye, izmir Tepecik Training and
Research Hospital (decision number: 2025/03-27, date:
10.04.2025). Patient identity information was anonymized,
and a dataset containing age, sex, CRP, PCT, CBC, and
blood culture results from 2345 patients (2150 from the
main building and 195 from the AH) was transferred to
Microsoft Excel 2021 (USA).

After applying exclusion criteria, the final dataset
included 1972 patients (1867 from the main hospital and

105 from the AH). This dataset was then transferred to
Python software (version 3.11, USA) for ML analysis.

Following data cleaning, the dataset was randomly
partitioned into training and testing sets in an 80:20
ratio using stratified sampling based on the binary
outcome variable, ensuring preservation of the original
class distribution. The Standards for Reporting Diagnostic
Accuracy diagram illustrating the patient flow throughout
the study is presented in Figure 1.

Data Preprocessing and Training of Machine
Learning Algorithms

For data preprocessing, patient results were transferred to
Microsoft Excel. Cases with missing values were excluded
from the dataset. Bacterial culture results were evaluated
and converted into a binary classification. Patient samples
in which bacterial species were identified by a clinical
microbiologist were classified as “growth present = 1"
whereas samples with no growth were classified as “no
growth = 0." Samples reported as contamination were
excluded from the study. Additionally, sex was encoded as
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a binary variable, with male = 0 and female = 1. The cleaned
dataset was transferred to Python for ML analysis.

The models were trained using the 15 most important
predictive parameters, which included:

- Demographic variables: Age, sex
+ Biochemical variables: PCT and CRP

+ Hematologic variables: Hemogram leucocyte variables
(totalwhite blood cell, neutrophil, lymphocyte, monocyte,
eosinophile, basophile count) and hemoglobin.

Following model training, performance evaluation was
conducted using the test and validation datasets.

The cleaned dataset was imported into the Python
programming environment for ML analysis. Model
development was conducted using Python within the
PyCharm integrated development environment (IDE).
PyCharm is a widely adopted and robust IDE for Python,
offering advanced functionalities such as intelligent
code completion, comprehensive debugging tools, and
integrated testing frameworks. These features facilitate
efficient data preprocessing, model training, and algorithm
optimization, while providing seamless integration with
widely used ML libraries, including scikit-learn, thereby
supporting streamlined and scalable project workflows."

A total of three Al ML algorithms were evaluated in this
study: random forest (RF), H,O automated ML (AutoML)
(version 3.46), and an ensemble ML method. Model
development was carried out in a Python 3.11 environment
using H,O AutoML.” To overcome the limitations inherent
in manual model development-particularly when the
primary expertise of the user is not in data science-AutoML
tools have emerged as a practical solution. AutoML
tools automate key steps such as feature engineering,
model building, and hyperparameter optimization, which
traditionally require extensive domain expertise. Despite
the clear advantages and the growing interest in ML
applications, few studies have applied AutoML tools within
the clinical laboratory context!”® The best-performing
model within the H,O AutoML framework was selected
based on AUC-receiver operating characteristic (ROC) and
logloss values.

Computational Environment and Libraries

In the development of classification models using ML and
deep learning techniques, a variety of open-source Python
libraries were employed for data preprocessing, model
training, evaluation, and visualization. All procedures
were conducted within the Python 3.1 programming
environment. The libraries utilized are categorized as
follows:
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Data Processing and Analysis
- Pandas (v1.5): For creating and manipulating data frames

- Numpy (v1.23): For numerical operations and vectorized
calculations

ML Model Development
- Scikit-learn (v1.2): For implementing ML algorithms and
performance evaluation

- H,0 (frame, .model) (v3.46.0.6): H,OAutoML

Model Evaluation and Visualization
- Matplotlib (v3.6): For data visualization and plotting

- Sklearn (metrics, .ensemble) (v1.2): For performance
metrics such as confusion matrix, ROC-AUC, and precision-
recall (PR)-AUC

- Shap (v0.47): For SHapley Additive exPlanations (SHAP)
analysis and feature importance visualization

Following model training, performance evaluation was
conducted using the designated test dataset.

Performance Evaluation

Scikit-learn, Pandas, NumPy, SciPy, StatsModels, and
Matplotlib/Seaborn-among Python's most robust libraries
for ML and statistical analysis-were employed in this
project. The modeling process underwenta comprehensive
evaluation, including hyperparameter tuning and
model selection through internal cross-validation. Model
performance was assessed using multiple evaluation
metrics. The following criteria were used for classification:

1. Classification performance metrics
+ AUC-ROC

- AUC-PR

- Confusion matrix analysis

- Sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV), positive likelihood ratio
(PLR), negative likelihood ratio (NLR) F1 score, odds ratio

2. Model interpretability metrics
+ Feature importance analysis
+ SHAP graphs

3. Validation results of the predictive models were analyzed
to ensure a comprehensive assessment. This structured
and multifaceted evaluation approach provides a robust
framework for predicting treatment modality outcomes
based on laboratory-derived data.



RESULTS

Dataset Description and Data Pre-Processing

The dataset used in this study included a total of 1,972
records, consisting of 1,494 entries in the training set, 373 in
the test set, and an additional 105 records in the validation
set. All datasets contained hemogram parameters
alongside demographic data, allowing for comprehensive
baseline characterization.

Baseline demographic characteristics of the study
population are presented in Table 1. The mean age was
46.08%+30.13 years in the training set, 44.47+30.51 years
in the test set, and significantly higher in the validation
set at 65.68t16 years (p<0.001). When stratified by sex,
no significant differences were observed in mean age
between male and female participants within each subset
(all p>0.05). The reason the mean age was significantly
higher in the AH compared to the main building is that the
data here were obtained from patients mainly hospitalized
in the palliative care ward.

Regarding sex distribution, males comprised 53.4%
of the training set, 52.3% of the test set, and 61% of the
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validation set, while females made up 46.6%, 47.7%, and
39%, respectively. These differences were not statistically
significant (p=0.277), suggesting a relatively balanced
gender distribution across the subsets.

Descriptive statistics for hemogram and related variables
are presented in Table 2. Among all measured biomarkers,
basophil count (BASO) were the only variable showing a
statistically significant difference between the datasets
(p<0.001). Other parameters, including white blood cell
count, neutrophils, lymphocytes, monocytes, eosinophils,
hemoglobin, CRP, and PCT, did not show significant
variation across the training, test, and validation cohorts
(all p>0.05). This indicates general homogeneity in these
biomarkers across subsets, enhancing the comparability of
model training and validation.

“The performance of RF, H.O AutoML, and ensemble
models was comparatively evaluated based on their
predictive  capabilities, metrics, and
interpretability. Classification metrics such as F1 score,
sensitivity, specificity, and AUC-ROC were used to assess
the models’ ability to discriminate between classes."

classification

Table 1. The baseline characteristics of the study population
Train set Test set Validation set
Characteristics (n=1494) (n=373) (n=105) p value
ValuetSD Value*SD ValuetSD
Age (years) 46.08+30.13 44 47+30.51 65.68%16 <0.001
Male 46.03+30.07 43.05+31.81 65.69+15.51
Female 46.15%30.22 46.02+29.03 65.66%16.95
Sex 0.277
Male 798 (53.4%) 195 (52.3) 64 (61%)
Female 696 (46.6%) 178 (47.7%) 41 (39%)
Blood culture positivity rate 363 (24.3 %) 91 (24.4 %) 36 (34.29 %)
SD: Standart deviation
Table 2. Descriptive statistics of the hemogram and related variables
Variable Unit Train set Test set Validation set p value
Value*SD ValuetSD ValuetSD
White blood cell (x10°/L) 133411514 12.63%7.94 10.284539 0.075
Neutrophil (x10°/L) 8.9+6.6 8.99+679 8.06%515 0.420
Lymphocyte (x10°/L) 3.35+12.18 2.74%3.69 1302076 0.154
Monocyte (x10°/L) 1.09+2.17 1.09+0.77 0.77+0.42 0.257
Eosinophil (x10°/L) 0.28+0.68 0.27£032 0.1320.22 0.060
Basophil (x10°/L) 0.12+0.18 0.11£0.09 0.04+0.03 <0.001
Hemoglobin (g/dL) 10.97%2.6 11.07+2.59 10.64%228 0.327
C-reactive protein (mg/L) 78.23+91.44 81.97+9594 94.03£78.09 0.217
Procalcitonin (ng/mL) 3.48%14.05 3.36%10.68 3.7619.14 0.794
SD: Standart deviation
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Comparison of Classification Performance Metrics

The analysis began with the RF model prior to evaluating
other models. To determine the optimal classification
threshold, multiple cut-off values (0.3, 0.5, and 0.7) were
evaluated based on their corresponding F1 scores. Among
these, a threshold of 0.3 yielded the highest FI score,
indicating a better balance between precision and recall.
Consequently, the analysis proceeded using this threshold
for subsequent model evaluation.

Following the initial modeling phase, the H,O AutoML
framework was employed to systematically explore
a wide range of algorithms and hyperparameter
configurations. Among the candidate models generated,
a gradient boosting machine (GBM) emerged as the
most performing, striking an optimal trade-off between
discrimination and calibration metrics-specifically AUC-
ROC and log loss. The selected model (ID: GBM_grid_1_
AutoML_9_20250326_201624_model_8) achieved an
AUC-ROC of 0.942 and a log loss of 0.283, indicating
both high classification accuracy and well-calibrated
probabilistic outputs.

Inthe currentdataset, the RF model demonstrated superior
sensitivity, whereas the H,O AutoML framework yielded
higher specificity. Given the complementary strengths of
these models, an ensemble approach combining both
was hypothesized to offer enhanced overall performance.
Accordingly, further performance analyses were conducted
using the ensemble model.

Table 3 presents a comprehensive comparison of the
three models-RF (threshold=0.30), H,O AutoML, and
the ensemble model-based on various diagnostic and
predictive performance metrics. Among these, the
Ensemble Model demonstrated the most balanced and
robust performance across nearly all evaluated criteria. In
terms of sensitivity, the RF modelachieved the highest value
(0.80), indicating its superior ability to correctly identify
positive cases. However, the H,O AutoML model excelled
in specificity (0.98) and PPV (0.90), highlighting its strength
in correctly identifying negative cases and reducing false
positives. The ensemble model, which was developed by
combining the strengths of the two approaches, achieved
a high sensitivity (0.78) close to RF, and a specificity (0.97)
comparable to AutoML, reflecting its effectiveness in
maintaining a strong trade-off among both metrics.

Furthermore, the ensemble model yielded the highest
odds ratio (121.59) and F1 score (0.84) among the three,
indicating a superior overall discriminatory power and a
well-balanced PR relationship. Its PLR of 27.50 and NLR
of 0.23 also suggest a high diagnostic utility. These results
support the rationale for using an ensemble strategy, as
it effectively leverages the complementary advantages of
the individual models.

Figure 2a illustrates the ROC and PR curves of the three
ML models evaluated in this study: RF, H,O AutoML, and
the ensemble model. All models demonstrated excellent
discriminative performance, with identical AUC-ROC and
AUC-PR values of 0.95/0.89, indicating a strong ability to

Table 3. Diagnostic and predictive performance metrics for machine learning models
Random forest c e
(Th=0.30) H,O automated ML Ensemble model Validation set
Sensitivit 0.80 0.63 0.78 0.78
Y (0.71-0.87) (0.52-0.72) (0.68-0.85) (0.68-0.85)
Specificit 0.94 0.98 0.97 0.93
P Y (0.91-0.96) (0.95-0.99) (0.95-0.99) (0.90-0.96)
Positive predictive value 0.8l 0.90 0.90 0.85
P (0.73-0.89) (0.83-0.97) (0.83-0.97) (0.78-0.92)
Negative predictive value 0.94 0.89 0.93 0.89
gative p (0.90-0.96) (0.86-0.93) (0.90-0.969 (0.86-0.92)
- - . 13.31 29.44 27.50 10.73
Positive likelihood ratio (8.30-2133) (13.13-66.00) (13.77-54.92) (5.64-18.95)
o ) 0.21 0.38 0.23 0.24
Negative likelihood ratio (0.14-0.32) (0.29-0.50) (0.15-0.33) (0.15-0.33)
Odds ratio 63.22 77.12 121.59 L4 8
(31.02-128.80) (30.93-192.26) (51.42-287.46) (21.97-93.01)
Fl score 0.81 0.74 0.84 0.81
(0.73-0.87) (0.66-0.81) (0.77-0.89) (0.74-0.86)
Matthews correlation coefficient 0.745 0.694 0.790 0.721
(0.660-0.822) (0.603-0.775) (0.714-0.861) (0.669-0.787)
Th: Threshold, ML: Machine learning




distinguish between positive and negative cases. Despite
the equal AUC values, the slight variations in curve shapes
across models reflect differences in threshold behavior
and confidence calibration.

Figure 2b provides the confusion matrices for the respective
models, further highlighting their classification behaviors.

The RF model (threshold=0.30) achieved a relatively
higher sensitivity, correctly identifying 73 out of 91 actual
positive cases, albeit at the expense of slightly more false
positives (17 cases). In contrast, the H,O AutoML model
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prioritized specificity, yielding only 6 false positives while
missing true positives (34 false negatives). The ensemble
model balanced these trade-offs effectively, reducing
false negatives compared to AutoML (20 cases) while
maintaining a high specificity (274 true negatives).

These findings confirm that although overall discriminative
capacity was similar across models (as reflected in the AUC
metrics), the ensemble model provided the most favorable
balance between sensitivity and specificity-an important
considerationinscenarios requiring both reliable detection
and minimization of false alarms.
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Figure 2. Model performance outputs. (A) AUC-ROC and AUC-PR plots for machine learning models. (B) Confusion
matrixes for machine learning models. (C) Performance metrics of validation set
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Validation Results of the Models

In accordance with the International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC)
recommendations, external validation was conducted to
ensure the generalizability and robustness of our models.
The performance outcomes of the validation set are
summarized in Table 3 and Figure 2c.

The ensemble model developed in this study was further
evaluated on an independent validation set to assess its
generalizability beyond the original test data, in accordance
with IFCC guidelines that recommend external validation
for diagnostic algorithms. The model demonstrated strong
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Figure 3. SHAP Summery plot of feature contributions

BASO: Basophil count, LYM: Lymphocyte, EOS: Eosinophil,
CRP: C-reactive protein, NEU: Neutrophil, HGB: Hemoglobin,
WBC: White blood cell, MONO: Monocyte, SHAP: SHapley
Additive exPlanations

classification performance, achieving a sensitivity of 0.78
and a specificity of 0.93, indicating a balanced ability to
detect both positive and negative cases. The area under
the ROC curve (AUC-ROC) was 0.85, while the area
under the PR curve (AUC-PR) reached 0.74, reflecting
solid discriminative power even in the presence of class
imbalance. Additional metrics such as a PPV of 0.85,
a NPV of 0.89, a PLR of 10.73, and an odds ratio of 44.8,
further emphasize the clinical relevance of the model’s
predictions. The F1 score of 0.81 and Matthews correlation
coefficient (MCC) of 0.721 confirm the model’s robustness
and diagnostic accuracy. These results are consistent with
the findings obtained from the test set, further supporting
the model's reliability across different data sources.

Interpretability and Threshold-Based Diagnostic
Performance of Key Variables

To improve the interpretability of the model, SHAP analysis
was applied to evaluate the contribution of individual
features to model predictions. As illustrated in Figure
3, the most impactful variable was “BASO”, followed by
“"AGE", "LYM", and "PROCALCITONIN". Although "BASO"
ranked highest, its SHAP value distribution was narrow
and centered near zero, indicating frequent but limited
directionalimpact.Incontrast, AGEand“PROCALCITONIN"
displayed broader SHAP distributions, suggesting stronger
influence on model output when elevated. Features such
as GENDER, MONO, and WBC ranked lower in importance,
showing minimal effect.

Complementing the SHAP results, ROC-based threshold
analysis (Table 4) revealed that age (threshold=46.0)
provided the highest sensitivity (0.92), with moderate
specificity (0.55). PCT (threshold=0.26) showed a sensitivity
of 0.78 and specificity of 0.68, indicating balanced
diagnostic value. In contrast, basophil demonstrated high

Table 4. Receiver operating characteristic-derived diagnostic thresholds of selected variables
Feature Threshold Sensitivity Specificity
Basophil 0.4 0.03 0.98
Gender 2.0 0.0 1.0
C-reactive protein 99.6 0.69 0.75
Eosinophil 4.5 0.0 1.0
Hemoglobin 6.7 1.0 0.03
Lymphocyte 60.0 0.0 1.0
Monocyte 5.0 0.01 1.0
Neutrophil 6.9 0.65 0.5
Procalcitonin 0.26 0.78 0.68
White blood cell 22.6 0.09 0.93
Age 46.0 0.92 0.55
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specificity (0.98) but low sensitivity (0.03), while gender,
eosinophil, lymphocyte , and monocyte achieved perfect
or near-perfect specificity but negligible sensitivity.

DISCUSSION

The demographic characteristics and baseline laboratory
findings of our cohort provide critical context for
interpreting model behavior and clinical performance. Our
median age of 46 years, male predominance, and blood
culture positivity rate of 24.3% are generally consistent
with prior studies on similar hospital populations.® This
rate is slightly higher than in some multicenter analyses
that report rates ranging from 6.6% to 12%, likely due to
different inclusion criteria or local epidemiology.'*'®

Although the mean age in the validation set was
significantly higher than in the training and test sets
(p<0.001), the model demonstrated robust performance
across multiple metrics. The validation results, including
high sensitivity (0.78), specificity (0.93), PPV (0.85), and an
F1 score of 0.8], indicate effective generalizability without
signs of overfitting. Moreover, the positive and NLRs (10.73
and 0.24, respectively) and a strong odds ratio (44.8)
support the model’s diagnostic strength. Nonetheless, the
notable age discrepancy suggests a potential distributional
shift, which could impact external validity. Therefore,
monitoring model performance across different age
groups in future applications is recommended to ensure
consistent generalizability.

Notably, serum PCT and CRP levels were significantly
elevated among culture-positive patients, which aligns
with previous findings. Jeong et al.” reported median PCT
and CRP levels of 3.2 ng/mL and 132 mg/dL, respectively,
in patients with bacteremia, significantly higher than
in non-bacteremia groups (0.4 ng/mL and 82.2 mg/dL).
Nasimfar et al'® similarly observed that septic children
had markedly elevated PCT (3.42 ng/mL) and CRP (55.18
mg/L) levels compared to controls. These results support
the early diagnostic potential of these biomarkers. Liaudat
et al'? further demonstrated that PCT outperformed CRP
and white blood cell count in predicting culture positivity
using principal component analysis.

The ensemble ML model developed in our study achieved
excellent predictive metrics (AUC-ROC: 0.95, F1 score:
0.84, MCC: 0.79), outperforming most previously reported
models. In contrast, other ML approaches using CatBoost or
RF have typically yielded AUCs between 0.75 and 0.85.67.202!
Crucially, our model maintained high performance in
external validation (AUC: 0.85; sensitivity: 0.78; specificity:
0.93), which strengthens its generalizability.

Interpretability remains a cornerstone of clinical ML
implementation. Our approach integrated SHAP analysis
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for global feature importance with ROC-derived thresholds
for clinical usability. Age and PCT stood out as dual anchors
of model strength-ranking high in SHAP impact and
exhibiting clear diagnostic cut-offs. This is consistent with
findings by Galli et al.2, who confirmed that PCT provides
greater specificity and sensitivity than CRP in critically ill
patients, and by Morgan et al.® who demonstrated that
PCT-guided strategies improve antibiotic stewardship in
febrile neutropenia.

BASO was the top-ranked SHAP feature, yet exhibited poor
clinical sensitivity. This highlights the distinction between
algorithmic influence and practical diagnostic utility,
an important concept in applied ML>B Features such as
eosinophils and sex had high specificity but low sensitivity,
indicating value in reducing false positives.

The combined use of SHAP analysis and ROC-derived
thresholds offers a powerful dual approach for interpreting
model behavior in both algorithmic and clinical domains.
While BASO emerged as the top-ranking feature in SHAP
importance, its limited diagnostic utility, particularly due to
low sensitivity, suggests it plays a secondary role in actual
decision-making. Conversely, age and PCT were notable
not only for their strong SHAP contributions but also for
yielding clinically meaningful threshold values, reinforcing
their role as primary diagnostic indicators within the
model.

Interestingly, some variables, such as gender and
eosinophils, demonstrated high specificity yet poor
sensitivity. This suggests they are better suited for ruling
out false positives rather than identifying true disease
states, underscoring that statistical importance does not
always equate to clinical utility. These findings illustrate
the nuanced roles that features may play: a variable may
be statistically dominant in shaping predictions (via SHAP)
but lack practical impact at the bedside (via threshold
behavior), or vice versa.*?*

Clinically, the implementation of our model could have a
significant impact. ML tools have been shown to reduce
unnecessary blood cultures and antibiotic use while
maintaining diagnostic accuracy. For instance, Boerman
et al.?® and Martin et al?° report, up to 60% reduction in
unnecessary cultures using ML models in ED and PICU
settings. Similar benefits were observed in studies using
real-time prediction tools based on vital signs or lab
panels.?

Nonetheless, our study has limitations. The retrospective
single-center design introduces potential bias, though
external validation provides partial mitigation. The
exclusion of clinical signs, comorbidities, and vital data-
known to enhance predictive performance in other
models-limits our model's clinical depth®¥ In addition,
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the model does not distinguish true bacteremia from
contamination, an issue commonly encountered in blood
culture interpretation.””2®

Despite these limitations, our model offers a promising
path forward. It uses only routine laboratory values and
demographic features to deliver high performance with
interpretable logic. Prospective multicenter studies
and real-world deployment in clinical decision support
systems (CDSS) are warranted to evaluate the true impact
on diagnostic stewardship.

CONCLUSION

Our findings demonstrate that an interpretable
ensemble ML model, leveraging routine hematologic and
inflammatory parameters, can accurately predict blood
culture positivity. By integrating SHAP-based model
interpretability with clinically meaningful thresholds,
the model provides both algorithmic transparency and
bedside usability. Key predictors such as age and PCT
consistently contributed to diagnostic performance across
statistical and clinical domains. Given its external validity
and reliance on readily available data, this model has the
potential to be deployed in CDSS to improve diagnostic
stewardship and reduce unnecessary blood cultures.
Future prospective, multicenter validation studies are
warranted to confirm these benefits and facilitate clinical
implementation.
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ABSTRACT

Objective: Non-alcoholic fatty liver disease (NAFLD) is a common chronic liver condition with an
increasing global prevalence. Magnesium and vitamin D are essential for various physiological functions.
However, their potential relationships with NAFLD and liver fibrosis remain unclear. This study aimed to
assess the correlation between serum magnesium and vitamin D, and liver fibrosis indices, including the
aspartate aminotransferase to platelet ratio index (APRI) and the fibrosis-4 (FIB-4) index.

Methods: In this retrospective study, 414 patients underwent abdominal ultrasound for hepatic steatosis
assessment. Data on demographics, laboratory parameters, and imaging findings were recorded.
Patients were categorized by hepatosteatosis presence, and severity. Biochemical fibrosis scores and
their relationships with NAFLD were evaluated.

Results: Serum magnesium levels were inversely correlated with the FIB-4 index (r=-0.101, p=0.045).
Magnesium levels were higher in low-risk groups (FIB-4 <1.45) (p=0.006). Vitamin D was inversely
associated with hepatic steatosis severity (r=-0.107, p=0.031) and with APRI scores in non-diabetic/non-
hyperlipidemic patients (r=-0.383, p=0.044). Low magnesium levels were linked to increased hepatic
steatosis in prediabetic patients (p=0.013). Non-high-density lipoprotein cholesterol is positively
correlated with steatosis severity (p<0.001).

Conclusion: Magnesium and vitamin D may have protective roles against hepatic steatosis and fibrosis.
Their inverse correlations with fibrosis indices suggest potential antifibrotic effects, and magnesium
could play a role in NAFLD pathogenesis, particularly in prediabetic patients. These findings support
further investigation of magnesium and vitamin D in fibrosis scoring and NAFLD management.
Keywords: Non-alcoholic fatty liver disease, magnesium, vitamin D, HOMA-IR index, fibrosis-4 index
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oz
Amag: Alkole bagli olmayan yagli karaciger hastaligi (NAFLD), kiresel yayginligi giderek artan yaygin bir kronik karaciger hastaligidir. Magnezyum ve
D vitamini bircok fizyolojik islev icin gereklidir. Ancak bu elementlerin NAFLD ve karaciger fibrozisi ile olasi iliskileri hala net degildir. Bu calismanin

amaci, serum magnezyum ve D vitamini duizeyleri ile aspartat aminotransferaz/trombosit orani (APRI) ve fibrosis-4 (FIB-4) indeksi gibi karaciger
fibrozis gostergeleri arasindaki iliskiyi degerlendirmektir.

Yoéntem: Bu retrospektif calismada, hepatik steatoz degerlendirmesi icin karin ultrasonu yapilan 414 hastanin verileri incelendi. Demografik veriler,
laboratuvar bulgularn ve gorintileme sonuglar kaydedildi. Hastalar, karacigerde yaglanma varligi ve siddetine goére siniflandirildi. Biyokimyasal
fibrozis skorlari ile NAFLD arasindaki iliskiler degerlendirildi.

Bulgular: Serum magnezyum duzeyleri, FIB-4 indeksi ile ters yonde iliskiliydi (r=-0,101, p=0,045) ve duslk risk grubunda (FIB-4 <1,45) daha ytksekti
(p=0,006). D vitamini, hepatik steatoz siddetiyle (r=-0,107, p=0,031) ve diyabetik olmayan/hiperlipidemik olmayan hastalarda APRI skorlariyla ters
iliski gosterdi (r=-0,383, p=0,044). Prediyabetik hastalarda dusik magnezyum duzeyleri, artmis karaciger yaglanmasiyla iliskiliydi (p=0,013). Non-
yuksek yogunluklu lipoprotein kolesterol, steatoz siddetiyle pozitif korelasyon gosterdi (p<0,001).

Sonug: Magnezyum ve D vitamini, karaciger yaglanmasi ve fibrozisine karsi koruyucu etkilere sahip olabilir. Fibrozis indeksleriyle olan ters iliskileri,
potansiyel anti-fibrotik etkilerini dustndirmektedir. Ozellikle prediyabetik hastalarda magnezyum, NAFLD patogenezinde rol oynayabilir.
Bu bulgular, magnezyum ve D vitamininin fibrozis degerlendirmesi ve NAFLD ydnetimindeki potansiyel rollerinin daha fazla arastirilmasini

desteklemektedir.

Anahtar Kelimeler: Alkole bagli olmayan yagli karaciger hastaligl, magnezyum, D vitamini, HOMA-IR indeksi, fibrozis-4 indeksi

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease worldwide, with a prevalence
of approximately 25%, and its incidence is increasing. It is
characterized by excessive fat accumulation in the liver
in the absence of significant alcohol consumption, where
significant alcohol consumption is defined as less than 21
units (30 g/day) per week in men and 14 units (20 g/day)
per week in women. Several risk factors contribute to the
development of NAFLD, including advanced age, male
sex, ethnicity, obesity, hypertriglyceridemia, low levels of
high-density lipoprotein (HDL) cholesterol, hypertension,
type 2 diabetes mellitus (T2DM), and various genetic
predispositions.!

NAFLD is now recognized as a hepatic manifestation
of insulin resistance (IR) and a component of metabolic
syndrome. Increased IR leads to increased lipid influx into
the liver, which, combined with inflammatory cytokines
and oxidative stress factors, triggers inflammation and
subsequent fibrosis."*

Currently, NAFLD is most commonly detected using
ultrasonography (USG) during routine examinations
or screening because of its feasibility and accessibility.
This assessment is based on differences in echogenicity
between the liver, kidney, and portal vein walls.> However,
it does not provide histological evidence of disease
activity. Therefore, several scoring systems have been
developed that incorporate biochemical parameters to
estimate histological activity, without the need for liver
biopsy. Among these, the fibrosis-4 (FIB-4) index and
the aspartate aminotransferase to platelet ratio index
(APRI) are widely used in clinical practice’® Although
these scores are not fully sufficient to differentiate simple
steatosis from steatohepatitis, one study has reported
that the APRI score correlates with the severity of NAFLD

as determined by radiological findings.” Magnesium (Mg?')
is the most abundant intracellular divalent cation and
plays a crucial role in many physiological processes. Due
to its involvement in enzymatic reactions, Mg?* has been
reported to play a protective role in hepatic inflammatory
processes and hepatocyte damage, which are fundamental
histological features of NAFLD.o"

Vitamin D-related receptors are known to affect metabolic
pathways in skeletal muscle, liver, adipose tissue, and
pancreas.?® Through these mechanisms, vitamin D
deficiency contributes to IR. In addition, inadequate
anti-inflammatory responses have been associated with
increased hepatocyte inflammation, the development of
hepatic steatosis or steatohepatitis, and an increased risk
of metabolic syndrome."*

Based on these data, we aimed to investigate the
relationship between biochemical parameters and
NAFLD, as well as the aspartate APRI and the FIB-4 index,
to identify thresholds that may indicate a protective role
against steatosis and fibrosis.

METHODS

Patients and Data Collection

A total of 691 patient records were reviewed. Among them,
the following cases were excluded based on predefined
exclusion criteria: 38 patients with liver cirrhosis; 65 patients
with a history of past or chronic hepatitis; 25 patients who
had received pioglitazone or liraglutide therapy; 67 patients
with malignancy; 14 patients with a history of inflammatory
bowel disease; 9 patients with autoimmune hepatitis; 2
patients with celiac disease; 10 patients with a history of
chronic alcohol use; 43 patients using medications known
to induce hepatic steatosis (anti-tumor necrosis factor
therapy, corticosteroids, chemotherapeutic agents, etc);
and 4 patients diagnosed with Cushing's syndrome.
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As a result, 414 patients (230 females and 184 males) were
included in this study.

Inclusion Criteria

The study included male and female patients aged 18
years and older who presented to our outpatient clinic
between March 2012 and September 2022. Participants
were required to have undergone abdominopelvic USG
and to have relevant laboratory parameters available for
evaluation. Individuals were only included if they did not
meet any of the exclusion criteria listed below at the time
of their hospital visit.

Exclusion Criteria

Patients with any of the following conditions during the
data collection period were excluded from the study: Age
under 18, alcohol consumption, presence of autoimmune
hepatobiliary disease, history of viral hepatitis carriage
or active hepatitis, diagnosis of cirrhosis of the liver or
inflammatory bowel disease, presence of active malignancy
or history of malignancy, or Cushing’s syndrome. Excessive
alcohol consumption was defined as an average intake of
more than 30 grams per day for men and more than 20
grams per day for women.

Hepatosteatosis Assessment

Ultrasound assessment of hepatic steatosis was performed
usinga LOGIQS7 Expert ultrasound machine. A convex probe
was used for B-mode imaging, scanning from the superior
to inferior through the subcostal and intercostal regions. IR,
non-HDL/HDL cholesterol ratio, and biochemical fibrosis
parameters, including the APRI and FIB-4 scores, were
calculated. The presence and severity of hepatic steatosis
were assessed using USG. Hepatic steatosis was graded
according to increased echogenicity, as follows:'

- Grade 1: Mild diffuse increase in echogenicity with normal
visualization of the diaphragm and intrahepatic vessel
walls.

- Grade 2: Moderate increase in echogenicity with slight
opacity of the diaphragm and intrahepatic vessel walls.

- Grade 3: Severe enhancement of echogenicity with
marked blurring of the diaphragm and intrahepatic vessel
walls, and loss of visualization of the posterior segment of
the right hepatic lobe.

Indices

The non-HDL/HDL cholesterol ratio was calculated by
subtracting HDL cholesterol from total cholesterol to
obtain non-HDL cholesterol, which was then divided by
HDL cholesterol. The aspartate APRI, one of the indices
used to assess liver fibrosis, was calculated by dividing the
AST elevation ratio by the platelet count and multiplying
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the result by 100. The AST elevation ratio was determined
by dividing the patient’s AST level by the upper laboratory
limit (35 U/L for women and 50 U/L for men). The FIB-4
index was calculated using the formula: (age x AST) /
(platelet count x VALT).

Patients were also categorised according to
- Vitamin D levels: 220 ng/mL vs. <20 ng/mL
- Magnesium levels: <0.75 mmol/L vs. >0.75 mmol/L

- Non-HDL cholesterol levels: <150 mg/dL vs. >150 mg/dL
Ethics

Approval for this retrospective study was obtained from
Dokuz Eylul University Non-Interventional Research Ethics
Committee (decision number: 2023/37-17, date: 23.11.2022).

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics 24.0. Descriptive statisticsare presented asmean *
standard deviation (median, minimum, and maximum) and
percentages. Shapiro-Wilk and Kolmogorov-Smirnov tests
were used to assess the normality of the data distribution.
As the data did not follow a normal distribution, the Mann-
Whitney U test was used for pairwise comparisons of
numerical variables. The Kruskal-Wallis test was used for
comparisons involving more than two groups. Subgroup
analyses in the parametric tests were interpreted using the
Bonferroni correction. Categorical variables were analyzed
using the chi-square test, and correlations between two
numerical variables were assessed using the Spearman
correlation test. A p value <0.05 or a 95% confidence
interval that does notinclude the null value was considered
statistically significant.

RESULTS

Demographic and Clinical Characteristics of the
Patients

The mean age of all patients was 53.2+17.1 years (minimum:
18, maximum: 91 years). Descriptive statistics of the patients’
biochemical parameters are presented in Table 1. On
ultrasonographic evaluation, 166 patients (40.1%) did not
have hepatic steatosis, whereas 248 patients (59.9%) had
varying degrees of steatosis (Table 1).

The correlations between biochemical parameters and
hepatic steatosis when patients were evaluated as a
whole, without stratification by comorbidities or sex, are
summarized in Table 2. Non-HDL cholesterol levels and
non-HDL/HDL cholesterol ratios were inversely correlated
with the degree of hepatic steatosis (p<0.001 and
p<0.001, respectively). In non-diabetic patients, non-HDL
cholesterol and the non-HDL/HDL ratio were significantly
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higher in those with steatosis (Table 3). In the entire study
population, a positive correlation was observed between
non-HDL cholesterol levels and the APRI scores (r=0.126,
p=0.012). In patients without diabetes and hyperlipidemia,
non-HDL cholesterol levels showed a positive correlation
with the steatosis grade (r=0.415, p=0.025), whereas the
non-HDL/HDL ratio did not show a significant correlation
(r=0.289, p=0.128).

Factors Related to Hepatosteatosis

When patients were evaluated as a whole, without
stratification by comorbidities or sex, the correlations
between biochemical parameters and hepatic steatosis
were summarized in Table 2. Non-HDL cholesterol levels
and non-HDL/HDL cholesterol ratios were inversely
correlated with the degree of hepatic steatosis (p<0.001
and p<0.001, respectively).

Table 1. Clinical characteristics of study group

No hepatosteatosis Hepatosteatosis Total

(n=166) (n=268) (n=414) P
Age mean £SD 53.6%20.3 53.0t14.6 53.2%17.1 0.774
Gender n (%)
Female 104 (62.7) 126 (50.8) 230 (55.6) 0.017
Male 62 (37.3) 122 (49.2) 184 (44.4)
Comorbidities n (%)
None 19 (11.4) 10 (3.7) 29 (7.0) 0.002
Dyslipidemia 136 (81.9) 220 (88.7) 356 (86.0) 0.051
DM 83 (50.0) 187 (75.4) 270 (65.2) <0.001
Hepatosteatosis n (%)
Grade O 166 (100.0) 0(0) 166 (40.1)
Grade 1 0(0) 94 (37.9) 94(22.7) N/A
Grade 2 0(0) 123 (49.6) 123 (29.7)
Grade 3 0(0) 31(12.5) 31(7.5)
Fibrosis indicis median (IQR)
FIB-4 0.93(0.86) 0.87(0.61) 0.88 (0.69) 0.217
APRI 0.20 (0.11) 0.20(0.13) 0.20 (0.12) 0.979
Laboratory findings median (IQR)
Creatinine mg/dL 0.71(0.32) 0.80(0.20) 0.79 (0.31) 0.562
BUN mg/dL 13.8(10.2) 14.(7) 10 (9) 0.652
AST U/L 19 (9) 21(10) 20 (10) 0.003
ALT U/L 16 (12) 22 (17) 19 (16) <0.001
GGT U/L 18 (16) 27 (21) 22 (20) <0.001
ALP U/L 68 (28) 76 (27) 72 (28) <0.001
LDL mg/dL 120 (53) 139 (53) 131 (55) <0.001
HDL mg/dL 52(22) 48 (18) 50 (18) 0.032
VLDL mg/dL 21(12) 29 (18) 25 (17) <0.001
Triglyceride mg/dL 105 (59) 144 (92) 124 (87) <0.001
T. cholesterol mg/dL 199 (64) 217 (72) 207 (71) <0.001
Albumin g/dL 4.2(0.6) 43(0.5) 43(0.5) 0.017
Calcium mg/dL 9.5(0.7) 9.6 (0.6) 9.6 (0.7) 0.007
Magnesium mmol/L 0.84(0.11) 0.84(0.10) 0.84(0.10) 0.842
Vitamin D ng/mL 18 (15) 17 (13) 17 (13) 0.237
Ferritine ng/mL 35(72) 46 (69) 40 (69) 0.235
CRP mg/dL 21(6.2) 4.5 (6.4) 3.6 (7.0) <0.001
FBG mg/dL 91(17) 97 (29) 94 (26) <0.001
HbATc% 5.7(0.7) 6.0 (1.1) 5.9(0.9) <0.001
Lymphocyte 10%/L 1.9(0.9) 22(0.9) 2.1(0.9) <0.001
Thrombocyte 10°/L 246 (77) 263 (94) 257 (89) 0.026
HOMA-IR 2.0(2.5) 3.5(3.1) 2.9(2.8) 0.001
Vitamin D deficiency n (%) 10 (6.0) 23 (8.6) 33(7.9) 0.360
Hypomagnesemia n (%) 29 (17.5) 35(13.1) 64 (15.5) 0.354

ALP: Alkaline phosphatase, ALT: Alanine transferase, APRI: Aspartate transferase to platelets ratio index, AST: Aspartate transferase, BUN: Blood
urea nitrogen, CRP: C-reactive protein, DM: Diabetes mellitus, FBG: Fasting blood glucose, FIB-4: Fibrosis 4 score, GGT: Gamma-glutamyl transferase,
HbAlc: Hemoglobin Alc, HDL: High-density lipoprotein, HOMA-IR: Homeostasis model assessment of insulin resistance, LDL: Low-density lipoprotein,

N/A: Not applicable, IQR: Interquartile range, VLDL: Very low-density lipoprotein, IQR: Interquartile range, SD: Standard deviation
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In non-diabetic patients, non-HDL cholesteroland non-HDL/
HDL ratio were significantly higher in those with steatosis
(Tables 2 and 3). In the entire study population, a positive
correlation was observed between non-HDL cholesterol
levels and APRI scores (r=0.126, p=0.012). In patients without
diabetes and hyperlipidaemia, non-HDL cholesterol levels
showed a positive correlation with the steatosis grade
(r=0.415, p=0.025), whereas the non-HDL/HDL ratio did not
show a significant correlation (r=0.289, p=0.128).

Serum vitamin D levels were inversely correlated with
the degree of steatosis in the overall population and in
patients with both hyperlipidemia and T2DM/preDM.
Non-HDL cholesterol levels and non-HDL/HDL ratio were
positively correlated with steatosis grade in the overall
population, independent of comorbidities. In addition,
these parameters were positively correlated with steatosis
grades in patients with both hyperlipidemia and diabetes/
prediabetes (Table 2).

Fibrosis Indices

A significant negative correlation was observed between
serum magnesium levels and the FIB-4 index (r=-0.101,
p=0.045). Furthermore, when the FIB-4 score was stratified
into two groups based on a cutoff value of 1.45, magnesium
levels were significantly higher in the low-risk FIB-4 group

(Table 4). In addition, in patients with hyperlipidemia,
magnesium levels were significantly increased in the FIB-4
<1.45 group (p<0.05) (Table 4).

Subgroup Analysis

When patients were divided into two groups based
on a serum magnesium threshold of 0.75 mmol/L, no
correlation between vitamin D levels and hepatic steatosis
severity was observed in the group with higher magnesium
levels. However, in patients with lower magnesium levels,
there was a significant inverse correlation between serum
vitamin D levels and hepatic steatosis severity according
to Spearman’s rho test (p<0.01; r=0.385). Furthermore, chi-
squared analysis showed that hepatic steatosis was more
common in patients with both serum magnesium levels
<0.75 mmol/L and vitamin D levels <20 ng/mL (Table 5).

No significant correlation was found between vitamin D levels
and another fibrosis index, APRI, in the whole population.
However, in patients without diabetes and hyperlipidaemia,
there was a negative correlation between vitamin D levels
and APRI (r=-0.383, p=0.044). We also analysed the diabetic/
prediabetic group separately. After excluding patients
receiving any diabetes treatment and/or those with HbAlc
26.5% and fasting blood glucose 2126 mg/dL, 45 prediabetic
patients remained.

Table 2. Relationship between hepatosteatosis degree and biochemical parameters
r p*

All patients

Magnesium -0.200 0.678

Vitamin D -0.107 0.031

Non-HDL cholesterol 0.277 <0.001

Non-HDL/HDL cholesterol ratio 0.323 <0.001

Patients with DM and hyperlipidemia

Magnesium -0.030 0.620

Vitamin D -0.128 0.048

Non-HDL/HDL ratio 0.313 <0.001

Non-HDL cholesterol 0.274 <0.001

*Determined by Spearman'’s rho correlation test. r: Correlation coefficient.

HDL: High-density lipoprotein, DM: Diabetes mellitus

Table 3. Comparison of non-high-density lipoprotein cholesterol and non-high-density lipoprotein/high-density lipoprotein
cholesterol ratios with hepatosteatosis in non-type 2 diabetes mellitus/pre-diabetes mellitus patients

Hepatosteatosis status (n) Median (25%-75%) p*
Absent (83) 148 (112-179)

Non-HDL (mg/dL) 0.007
Present (61) 163 (141.5-192.5)
Absent (83) 2.63(1.97-3.64)

Non-HDL/HDL ratio 0.023
Present (61) 3.18 (2.40-3.74)

*Calculated using Mann-Whitney U test.
HDL: High-density lipoprotein, T2DM: Type 2 diabetes mellitus
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Table 4. Comparison of magnesium levels in patients with fibrosis-4 scores below and above 1.45

. Magnesium (mmol/L)
Sample size (n) Median (25-75%) P
Total
FIB-4 <1.45 316 0.85(0.792-0.90)
0.006
FIB-4 21.45 80 0.82(0.762-0.887)
Patient with hyperlipidemia
FIB-4 <1.45 264 0.845 (0.79-0.89)
0.026
FIB-4 21.45 74 0.820 (0.76-0.88)

*p values were calculated using the Mann-Whitney U test.
FIB-4: Fibrosis-4

levels £0.75 mmol/L

Table 5. Association between vitamin D levels and the presence of hepatic steatosis in patients with serum magnesium

Present n (%) Absent n (%) p*
Vitamin D <20 ng/mL 23(69.7) 10 (30.3)
Magnesium <0.75 mmol/L — 0.013
Vitamin D 220 ng/mL 12 (38.7) 19 (61.3)

*Chi-square test

In this subgroup of exclusively prediabetic patients, we
observed a significant inverse correlation between serum
Mg*? levels and HOMA-IR (Spearman’s rho, p<0.01, r=-0.396).
In prediabetic but non-diabetic patients, serum magnesium
levels were significantly higher in those with HOMA-IR <2
compared to those with HOMA-IR 22 (median 0.90 vs. 0.87
mmol/L; p=0.008), suggesting a potential inverse association
between IR and magnesium levels.

DISCUSSION

Although the relationship between magnesium and the
inflammatory response remains unclear, adequate serum
and intracellular magnesium levels are thought to have
a protective role against inflammation.” In a study by
Rayssiguier et al'®, in rats, hepatic magnesium depletion
was associated with increased collagen accumulation in
the liver. In addition, data suggest that both serum and
intracellular magnesium levels are significantly lower in
cirrhotic patients.”” Furthermore, studies have shown that
each 100 mg increase in magnesium intake is associated
with a 49% reduction in the risk of death from all causes of
liver disease, and increased magnesium intake is associated
with a reduced risk of advanced decompensated liver
disease.?%?' Although no similar study has been reported in
the literature, our study found a weak inverse correlation
between serum magnesium levels and the FIB-4 index,
whichis considered a predictive index of liver fibrosis, in the
entire population evaluated (p<0.05, r=-0.101). In addition,
when patients were grouped based on a FIB-4 threshold of
1.45, serum magnesium levels were significantly lower in the
higher FIB-4 group (p<0.01). Due to the absence of patients
with cirrhosis in our population, the APRI and FIB-4 scores

were generally low. Nevertheless, the negative correlation
between serum magnesium and the FIB-4 index suggests
that magnesium may be directly or indirectly involved in
antifibrotic and anti-inflammatory pathways.

Another study investigated the relationship between
serum and intracellular magnesium levels, IR, and severity
of hepatic steatosis in patients with metabolic syndrome.
Patients with grades 2 and 3 steatosis, as assessed by
ultrasound, were found to have lower magnesium levels
than those without steatosis. In the same study, individuals
witha HOMA-IRabove 2.7 also had lower serum magnesium
levels compared to those with a HOMA-IR <2.7.2 |t should
be noted that maintaining a high HOMA-IR threshold may
have contributed to this finding. In an obesity study of
patients with liver biopsy-confirmed NASH, patients with
NASH had lower magnesium levels than those without
NASH. Furthermore, low magnesium concentrations were
found to be associated with high HOMA-IR? A meta-
analysis of randomized controlled trials showed that
magnesium supplementation improved IR in patients with
type 2 diabetes, further supporting these findings.?* As IR
is a fundamental mechanism of NAFLD, it plays a crucial
role in the disease’s progression. Our study also provided
data consistent with the literature. In the prediabetic
patient population, a significant inverse correlation was
found between serum magnesium and HOMA-IR levels.
When patients were divided into two groups based on a
HOMA-IR threshold of 2.00, those with a higher HOMA-
IR had lower magnesium levels. This suggests that even
in the absence of diabetes, serum magnesium levels may
be affected under conditions of high IR. For example, a
study comparing 50 patients with glucose intolerance or
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diabetes with 50 healthy controls found no statistically
significant difference in serum magnesium levels between
the groups.?®

Vitamin D regulates several genes that are widely expressed
in the liver, some of which are involved in glucose and lipid
metabolism.2® A study by Chung et al” of 6,055 healthy
individuals diagnosed with steatosis by ultrasound found
an inverse correlation between vitamin D levels and the
severity of hepatic steatosis. Individuals with vitamin D
levels >20 ng/mL were found to have a lower prevalence of
steatosis. Similarly, a meta-analysis of 15 studies involving
20,096 individuals showed that patients with NAFLD of
Western origin tended to have lower vitamin D levels. In
the general population, low vitamin D levels have been
associated with an increased risk of NAFLD.2® A cohort
study of 10,960 cases also found an inverse association
between ultrasonographic steatosis severity and vitamin
D levels, and between NAFLD fibrosis scores and vitamin
D levels. Another study of biopsy-confirmed cases of liver
fibrosis reported an inverse association between vitamin
D levels and the severity of fibrosis. However, a separate
biopsy-based study found no association between vitamin
D levels and the severity of hepatic steatosis.??'

In a study that examined 614 patients by biopsy, without
stratifying them by comorbidities such as hyperlipidemia
and diabetes, patients with advanced steatosis had
significantly lower vitamin D levels. There was also an
inverse association between vitamin D levels and steatosis
severity. However, the same study found no association
between serum magnesium levels and the presence or
severity of steatosis3? Notably, these studies examined
vitamin D and magnesium levels separately, rather than
assessing their combined effects.

Consistent with the literature, we found an inverse
association between vitamin D levels and the severity of
hepatic steatosis in the whole population. Furthermore,
when we analyzed patients with both hyperlipidemia and
diabetes/prediabetes separately from those without these
comorbidities, we found a significant inverse association
between the steatosis severity and vitamin D levels in
these patients. However, no such correlation was observed
in the patients without these comorbidities.

Studies in the literature have separately evaluated the
relationships between serum magnesium levels, vitamin D
levels, and NAFLD. However, in our analysis, when patients
were divided into two groups based on a threshold serum
magnesium level of 0.75 mmol/L, a significant inverse
association between vitamin D levels and the degree
of hepatic steatosis was observed in those within the
lower magnesium group. Furthermore, when the group
with low magnesium levels was subdivided based on a
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vitamin D threshold of 20 ng/mL, hepatic steatosis was
more prevalent in patients with both low vitamin D and
low magnesium levels (p=0.013). No significant association
was found in the higher magnesium group. Based on
the available literature, if low serum magnesium levels
are accepted as being associated with NAFLD, it can be
suggested that in patients with hypomagnesemia or those
who are unable to maintain optimal magnesium levels
for any reason. Ensuring adequate vitamin D levels or
preventing vitamin D deficiency may have a protective
effect against the occurrence and severity of NAFLD.

Vitamin D and APRI levels were examined in a study of
3,972 patients categorized into diabetes, pre-diabetes, and
normal glucose tolerance groups. Despite a significant p
value for correlation, no significant difference in mean APRI
scores was found between different categories of vitamin
D levels® Another study of 58 HCV cases divided into two
groups based on vitamin D levels found that APRI scores
were higher in the low vitamin D group, with an inverse
correlation between vitamin D levels and APRI3% Similarly,
a study of 185 patients with primary biliary cholangitis and
141 healthy controls found an inverse association between
vitamin D levels and APRI3®

In our study, no association was found between vitamin
D and APRI when the entire population was analyzed.
However, in patients without hyperlipidemia and
diabetes/pre-diabetes comorbidities, a significant inverse
association was found between vitamin D levels and APRI.
This suggests that vitamin D levels may not be sufficient to
predict fibrosis in patients with metabolic comorbidities.
However, in patients without metabolic comorbidities,
incorporating vitamin D levels into the APRI score may
help predict liver fibrosis.

In a study that followed 147 patients without initial NAFLD
for seven years, 19% developed NAFLD. However, none of
the patients with a baseline non-HDL level of <130 mg/dL
developed NAFLD. The incidence of NAFLD increased with
increasing non-HDL-C levels, leading to the conclusion
that non-HDL-C levels may be a strong predictor of NAFLD
development3 Similarly, in a study of 2,717 cases with a
mean follow-up of 1.6 years, 9.1% (264 cases) developed
NAFLD, and the non-HDL/HDL ratio was significantly
higher in those who developed NAFLD than in those who
did not. Statistical analysis identified cut-off values for the
non-HDL/HDL cholesterol ratio of 2.4 in women and 2.3 in
men.> Another clinical study of 265 cases found that non-
HDL/HDL cholesterol levels were positively associated
with the degree of hepatosteatosis and the FIB-4 index.3®

Our analyses showed that both non-HDL cholesterol and
non-HDL/HDL cholesterol ratio were positively correlated
with the degree of steatosis. When patients were
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divided into groups based on the presence or absence
of hepatosteatosis, the parameters of non-HDL levels
and non-HDL/HDL ratios showed significant differences
between groups, with higher values observed in those with
steatosis.

Although recent studies have begun to highlight the
superiority of the non-HDL/HDL cholesterol ratio over
non-HDL cholesterol alone, our findings suggest that non-
HDL cholesterol levels may be more indicative than the
non-HDL/HDL cholesterol ratio. For example, in individuals
with neither diabetes/prediabetes nor hyperlipidemia,
no association was found between the non-HDL/HDL
cholesterol ratio and the degree of steatosis, whereas
in the same group, non-HDL cholesterol levels were
correlated with the degree of steatosis. Another indication
of the functional superiority of non-HDL cholesterol over
the non-HDL/HDL ratio is its relationship with the APRI
score. In the whole population, there was a significant
positive correlation between the APRI and non-HDL
cholesterol levels. The correlation between biochemical
fibrosis parameters and radiological steatosis has also
been investigated. In a study by Sahin et al? in which
205 organ transplant donors were evaluated, a significant
correlation was found between the severity of steatosis
detected by CT and the APRI score. However, in our study,
these parameters did not provide any data regarding the
presence or severity of hepatosteatosis.

Study Limitations

This study has several limitations that should be
acknowledged. First, the retrospective and cross-sectional
design precludes the establishment of causal relationships
between serum magnesium, vitamin D levels, and hepatic
fibrosis or steatosis. Second, the study was conducted at
a single center, which may limit the generalizability of the
findings to broader populations. Third, some laboratory
and clinical parameters had missing data, potentially
affecting the completeness and accuracy of the analyses.
Additionally, hepatic steatosis was assessed using
abdominal ultrasonography, which, while non-invasive and
widely available, is less sensitive and specific compared to
histopathological evaluation. Lastly, liver biopsy, the gold
standard for diagnosing and staging non-alcoholic fatty liver
disease and fibrosis, was not performed, which limits the
precision in determining the severity of hepatic pathology.

CONCLUSION

In light of this information and the data obtained, serum
vitamin D levels and non-HDL/HDL cholesterol ratios
could be included in the modification of the APRI score,
which is currently used to predict liver fibrosis. Magnesium
and vitamin D appear to exert protective effects against

hepatic steatosis and fibrosis. The observed inverse
association with fibrosis indices may indicate potential anti-
fibrotic properties. Moreover, magnesium may contribute
to the pathophysiological mechanisms underlying NAFLD,
particularly in individuals with prediabetes. These findings
underscore the need for further research on the roles
of magnesium and vitamin D in fibrosis assessment and
clinical management of NAFLD.
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ABSTRACT

Objective: To develop and validate a robust machine learning model for classifying breast ultrasound
images into benign, malignant, and normal categories, aiming to enhance diagnostic accuracy using
advanced feature extraction and ensemble learning techniques.

Methods: A dataset comprising 2233 images from five public datasets was utilized. After masking regions
of interest, deep features were extracted using pre-trained VGGI16, ResNet50V2, and EfficientNetB3
models, and concatenated. A multi-step feature selection process involving principal component
analysis, recursive feature elimination with LightGBM, and partial least squares discriminant analysis was
applied. A stacking ensemble classifier, integrating LightGBM, XGBoost, CatBoost, and random forest
with a logistic regression meta-learner, was trained using 5-fold cross-validation on a 75% training set
(balanced with synthetic minority oversampling technique), and evaluated on a 25% test set.

Results: The model achieved a macro average area under the curve-receiver operating characteristic
(AUC-ROC) of 0.956 and an Fl-score of 0.88 on the test set. Benign class results were AUC: 0.984, F1:
0.93, and normal class results were AUC: 0.969, F1: 0.92. The results for the malignant class were AUC:
0.916, F1score: 0.79. Feature importance analysis showed that ResNet50V2 had the highest contribution
to the model's performance.

Conclusion: The proposed approach, combining multi-convolutional neural network deep feature
fusion, optimized feature selection, and ensemble stacking, shows significant potential for automated
breast ultrasound classification, especially for benign and normal cases. While promising for clinical
decision support, the model’s lower sensitivity for malignant lesions necessitates further refinement.
Keywords: Breast ultrasound, deep learning, computer-aided diagnosis, ensemble learning, image
classification

oz
Amag: Gelismis 6zellik gikarma ve topluluk 6grenmesi teknikleri kullanarak tanisal dogrulugu artirmayi

hedefleyen, meme ultrason goéruntulerinin benign, malign ve normal kategorilerine siniflandirilmasi icin
glcli bir makine 6grenmesi modeli gelistirmek ve dogrulamaktir.

Yéntem: Bes halka acik veri setinden olusan 2233 goriintiiliik bir veri seti kullanilmistir. ilgili bolgeler
maskelendikten sonra, dnceden egitilmis VGG16, ResNet50V2 ve EfficientNetB3 modelleri kullanilarak
derin ozellikler c¢ikarilmis ve birlestirilmistir. Temel bilesen analizi, LightGBM ile o6zyinelemeli
ozellik eleme ve kismi en kigik kareler ayirt edici analizi iceren ¢ok adimli bir &zellik segme sireci
uygulanmistir. Lojistik regresyon meta-6grenicisi ile LightGBM, XGBoost, CatBoost ve random forest'i
entegre eden bir yiginlama topluluk siniflandiricisi, %75'lik (sentetik azinlik asir érnekleme teknigi
ile dengelenmis) egitim seti Uzerinde 5-fold cross-validation kullanilarak egitilmis ve %25'lik test seti
Uzerinde degerlendirilmistir.
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Bulgular: Model, test seti Gzerinde makro ortalama islem karakteristik egrisi altindaki alan (EAA) degeri 0,956 ve F1skoru 0,88 elde etmistir. Benign
sinif sonuglari EAA: 0,984, F1: 0,93 ve normal sinif sonuglart EAA: 0,969, F1: 0,92. Malign sinif sonuglari EAA: 0,916, F1: 0,79. Ozellik 6nem analizi

ResNet50V2'nin en yuksek katkiyi sagladigini gostermistir.

Sonug: Coklu evrisimli sinir aglari derin 6zellik birlestirme, optimize edilmis 6zellik segimi ve topluluk yiginlamayi birlestiren 6nerilen yaklasim,
ozellikle benign ve normal olgular icin otomatik meme ultrason siniflandirmasi agisindan énemli bir potansiyel géstermektedir. Klinik karar destegi
icin umut verici olmakla birlikte, modelin malign lezyonlar icin daha dustk duyarliligl, daha fazla iyilestirme gerektirmektedir.

Anahtar Kelimeler: Meme ultrasonu, derin 6grenme, bilgisayar destekli tani, topluluk 6grenmesi, gortintl siniflandirma

INTRODUCTION

Breast cancer remains a leading cause of cancer-related
mortality in women worldwide." Early detection is critical,
as it not only improves survival rates but also leads to
more effective treatment options. Ultrasonography has
emerged as a key imaging modality in this context owing
to its accessibility, low cost, lack of ionizing radiation, and
ability to provide real-time visualization of breast tissue
architecture.? However, despite its advantages, ultrasound
imaging is inherently operator-dependent, and its image
interpretation can be highly challenging, which may result
in diagnostic variability! To overcome these limitations,
deep learning offers a novel solution for automated lesion
classification.

Several studies have demonstrated that deep learning
models, including convolutional neural networks (CNNs),
can effectively identify and classify regions of interest
within ultrasound images by learning hierarchical
representations of features3® For instance, Cao et al3
compared multiple deep learning architectures for lesion
detection and classification, underscoring the potential of
CNNs to delineate lesion boundaries more consistently
than manual methods. Similarly, Vigil et al* introduced
a dual-purpose deep learning model that concurrently
detects and diagnoses breast lesions in ultrasound images,
highlighting the benefits of integrated approaches for
improving diagnostic consistency.

Advancesin feature extractionthrough discriminative deep
learning frameworks further enhance the performance
of automated systems. Yu et al> demonstrated that
employing deep feature extraction from targeted regions
in ultrasound images can lead to improved accuracy in
differentiating between benign, malignant, and normal
tissues. Moreover, incorporating attention mechanisms,
as proposed by Kalafi et al.® helps the model focus on
the most diagnostically relevant parts of the image,
thereby addressing the ambiguity inherent in ultrasound
interpretation. Such strategies may ultimately reduce the
incidence of unnecessary biopsies while ensuring high
sensitivity in malignancy detection.

The integration of these models not only promises
greater diagnostic consistency but also reduces operator
variability and enhances clinical decision support systems.
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Furthermore, as shown by Yap et al,? automated
approaches based on CNNs offer scalable solutions that
facilitate rapid and reliable lesion detection, potentially
contributing to earlier intervention and improved patient
outcomes.

This study aimed to develop and validate a machine
learning model to classify breast ultrasound images as
benign, malignant, or normal, thereby enhancing diagnostic
accuracy and supporting radiologists. Our approach is
distinguished from previous work through several key
innovations: First, we systematically integrate deep features
from three complementary CNN architectures (VGGI6,
ResNet50V?2, EfficientNetB3) rather than relying on single
architectures. Second, we implement a comprehensive
multi-step feature optimization pipeline combining
principal component analysis (PCA), recursive feature
elimination (RFE) with LightGBM, and partial least squares
discriminant analysis (PLS-DA), a more sophisticated
approach than typically employed in breast ultrasound
classification. Third, we utilize a stacking ensemble
methodology that integrates four diverse base learners
(LightGBM, XGBoost, CatBoost, random forest) with logistic
regression meta-learning, going beyond simple voting
or averaging approaches. Most importantly, our model is
trained and validated on a robust, heterogeneous dataset
created by systematically merging five publicly available
collections, representing diverse imaging conditions,
patient populations, and clinical settings, addressing the
generalizability limitations inherent in single-dataset
studies. This comprehensive approach was designed to
achieve high accuracy and interpretability while improving
classification robustness across diverse clinical scenarios,
ultimately supporting radiologists in making accurate
diagnoses and improving patient outcomes.

METHODS

The study was conducted using five publicly available and
anonymized breast ultrasound datasets. Ethical approval
for this specific analysis was waived as itinvolved secondary
use of non-identifiable data.

Data Collection and Preprocessing

Our study utilized a comprehensive dataset created
by merging five publicly available breast ultrasound
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image collections: Breast Ultrasound Dataset from
Universidad de Castilla-La Mancha, breast ultrasound
lesion segmentation dataset/, breast ultrasound images
dataset (BUSI)® breast ultrasound images database’,
breast ultrasound classification dataset’®, and breast-
lesions- ultrasonography dataset." Details of the datasets
are shown in Table 1. This approach allowed us to address
the limitations of individual datasets while creating a more
robust and diverse collection for training our classification
model. These lesions were defined as separate cases In
the presence of multiple masks belonging to an image
containing more than one lesion. All data were classified
as benign, malignant, and normal and organised them
in separate directories according to their labels with
corresponding masks.

Preprocessing was performed using Python 3.8 with
OpenCV (version 4.5.5). Images were processed by applying
corresponding masks to isolate regions of interest and
increase focus on clinically relevant areas. The masked
images were resized to a uniform size of 224x224 pixels and
converted tored-green-blue colour space, standardized for
compatibility with pre-trained deep learning models used
in feature extraction. The experiments were conducted
on an Apple M4 chip with 16 GB random-access memory,
without a dedicated graphics processing unit.

Deep Feature Extraction

Three distinct widely-used CNN architectures, pre-
trained on the ImageNet dataset, were selected as feature

chosen for their proven performance in medical imaging
tasks and varying architectural complexities. Models were
loaded without their final classification layers, allowing
access to the rich, hierarchical feature representations
learned during their original training.

Each image was preprocessed (e.g, normalized and
scaled) for model compatibility. The CNNs then processed
the masked ultrasound images, generating feature
representations that captured patterns ranging from low-
level textures to high-level semantic features. The outputs
from all three models were concatenated into a composite
feature vector per image, providing a comprehensive
representation of lesion characteristics.

Feature Selection

To address the high dimensionality of the concatenated
feature vectors, a multi-step feature selection process was
implemented using Scikit-learn 1.0.2. Initially, the feature
matrix was standardized using StandardScaler to ensure
uniform scaling across features.

Then, PCA was applied to reduce dimensionality while
preserving 95% of the variance. This step eliminated
redundant and noisy features, transforming the high-
dimensional feature vectors (200,704 dimensions) into a
more manageable set of principal components, facilitating
subsequent analysis.

Next, we used RFE with a LightGBM model (version 3.3.2)
to select the top 50 features based on their importance

extractors: VGG16, ResNet50V2, and EfficientNetB3 scores. RFE iteratively removes the least significant
implemented using TensorFlow 2.10.0. These models were features, ensuring that only the most informative features
Table 1. Composition of the breast ultrasound datasets
Breast ultrasound | Breast ultrasound BUSC
- 7 - H - 11

BUS-UCLM dataset (BUSI)? images database’® dataset™ Breast-lesions-USG
Total images 683 780 232 250 256
Normal 419 133 0 0 4
Benign 174 437 109 100 154
Malignant 90 210 123 150 98
Number of patients |38 600 Not specified Not specified | 256
Nur.nber.of 2 Not stated 1 Not stated 4
radiologists
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are retained. This step refined the feature set by focusing
on those most relevant to the classification task.

Finally, we applied PLS-DA to the selected 50 features to
project them into a lower-dimensional space optimized
for class separation. Unlike PCA, which maximizes variance,
PLS-DA prioritizes features that maximize the distinction
between benign, malignant, and normal classes, enhancing
the discriminative power of the feature set for the stacking
classifier.

Following feature selection, we prepared the dataset for
model training to ensure robust performance.

Data Splitting and Model Training

The dataset, comprising 2233 breast ultrasound images
(1005 benign, 672 malignant, 556 normal), exhibited
class imbalance, with benign images constituting 45.0%,
malignant 30.1%, and normal 24.9% of the total. We split
the dataset into training (75%) and test (25%) sets using
stratified sampling to maintain these class proportions.
This resulted in a training set of 1675 images (754 benign,
504 malignant, 417 normal) and a test set of 558 images
(251 benign, 168 malignant, 139 normal). To address the
class imbalance in the training set, where the normal
and malignant classes were underrepresented compared
to the benign class, we applied the synthetic minority
oversampling technique (SMOTE). SMOTE generated
synthetic samples for the minority classes (malignant
and normal), balancing the training set while preserving
the original data distribution in the test set for unbiased
evaluation.

We developed a stacked ensemble classifier using four
base models: LightGBM (version 3.3.2), XGBoost (version
1.6.2), CatBoost (version 1.0.6), and random forest (scikit-
learn1.0.2). These models were trained on selected features
to leverage their unique decision boundaries. Then, their
predictions were integrated using logistic regression as
a meta-learner, with 5-fold cross-validation ensuring
robustness during training. Model hyperparameters are
shown in Table 2.

Model performance is assessed on the test set through
multiple metrics. Aconfusion matrix evaluates classification
accuracy per class, identifying potential misclassifications.
Receiver operating characteristic (ROC) curves are plotted

for each class, with area under the curve (AUC) scores
calculated to quantify discriminatory ability. Model
pipeline is summarized in Figure 1.

RESULTS

The dataset consisted of 2233 breast ultrasonography
images, categorized as benign (1005), malignant (672), and
normal (556). All images were successfully processed, with
features extracted from the regions of interest defined
by their corresponding masks. Feature extraction was
performed using pre-trained VGG16, ResNet50V2, and
EfficientNetB3 models, and the resulting features were
concatenated to form a high-dimensional feature vector
of 200,704 dimensions for each image. Dimensionality
reduction was then applied using PCA to retain features
explaining 95% of the variance, followed by exploration of
class-discriminative dimensionality reduction via PLS-DA
(Figure 2).

We evaluated the model's performance using metrics such
as AUC-ROC, AUC-precision-recall (PR), F1-score, precision,
and recall for each class, plus macro averages (Table 3).
Notably, the system yielded high precision and recall for
the benign and normal classes, with particularly strong
performance in identifying normal cases, as evidenced by
arecall of 1.000.

The model achieved high AUC scores: 0.984 for benign,
0.916 for malignant, and 0.969 for normal classes (Figure 3).
The benign class achieved the highest AUC of 0.984, with
a sharp curve near the top-left corner, indicating excellent
sensitivity and specificity with minimal false positives. The
normal class followed with an AUC of 0.969, reflecting
strong performance consistent with its perfect recall. The
malignant class had an AUC of 0.916, with a more gradual
curve suggesting a higher balance between sensitivity and
specificity due to the complexity of identifying malignant
lesions. These high AUC scores highlight the model's
effectiveness, especially for benign and normal cases.
Predictive reliability was further assessed using positive
predictive value (PPV) and negative predictive value (NPV),
yielding strong results, for benign (PPV: 0.924, NPV: 0.949),
malignant (PPV: 0.875, NPV: 0.899), and normal (PPV:
0.863, NPV:1.000). The F1 scores, which balance precision
and recall, were 0.93 for benign, 0.79 for malignant, and
0.92 for normal, with a macro average of 0.88.

Table 2. Hyperparameters of the base models

Model Key parameters

LightGBM num_leaves=63, max_depth=15, n_estimators=50
Random forest max_depth=20, n_estimators=200

XGBoost eval_metric="logloss’

CatBoost verbose=0

Stacking cv=>5, final_estimator=LogisticRegression(max_iter=1000)

150



Datasets

Preprocessing

BUS-UCLM
+
BUSI
+
QAMEBI
+

- Image + Mask Pairs
- Load & Apply Mask
- Resize (224x224)

= Normalize

BUSC
+

BrEaST

SMOTE
(Oversample Train Data)

Stacking Classifier Training

Base: LGBM, XGB,

Feature Extraction (Base CNNs)

M

PANC and SEKMEN. Breast Lesion Analysis with Ensemble Learning

Feature Selection

ResNetS0V2
EflicientNetB3

PCA
(500 components)

RFE (LGBM, n=50)

Concatenate
Features

PCA (95%) - PLS-DA
(2 components)

odel Training & Evaluation

5% Train
25% Test

Metrics

CatBoost, RF
Meta: Logistic Regression

Figure 1. Summary of the model pipeline

ROC-AUC, F1 Score,
Precission, Recall, ROC-PR

(T

BUS-UCLM: Breast ultrasound dataset from Universidad de Castilla-La Mancha, BUSI: Breast ultrasound images
dataset, QAMEBI: Breast ultrasound images database, BUSC: Breast ultrasound classification, BrEaST: Breast-lesions-
ultrasonography dataset, PCA: Principal component analysis, RFE: Recursive feature elimination, LGBM: Light gradient
boosting machine, PLS-DA: Partial least squares discriminant analysis, SMOTE: Synthetic minority oversampling technique,
XGB: eXtreme gradient boostin, RF: Random forest, ROC-AUC: Receiver operating characteristic-area under the curve, PR:

Precision-recall

PCA (95% Variance Explained)

10

0 5
PC1

10

PLS-DA

-2.00 - 200
5.0 ®
-5 -175=
E 25 £
-150 2 ° - 150
& 0.0 &
-1.25 E -1.25 E
2 -25 || 2
‘© o ‘©
-1.00 £ 2 -1.00 E
— o 50 —
= =
-075.2 -075.2
2 -7.5 2
0505 - -050S8.
2 -10.0 ° 2
R R
-0250 -0250
[ ]
-125 .
-0.00 - 0.00
-2 -1 0 1
PLS1
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Table 3. Performance metrics of the stacking classifier on the test set

Class AUC-ROC AUC-PR F1-score Precision Recall
Benign 0.984 0.98 0.93 0.92 0.93
Malignant 0.916 0.83 0.79 0.87 0.71
Normal 0.969 0.86 0.92 0.86 1.00
Macro Avg. 0.956 0.89 0.88 0.88 0.88
AUC-ROC: Area under the curve-receiver operating characteristic, PR: Precision-recall, Avg.: Average

ROC Curves (One-vs-Rest)

True Positive Rate

02

—— benign (AUC = 0.9842)
—— malignant (AUC = 0.9164)
—— normal (AUC = 0.9693)

00 7
0.0 02 04 0.6 08 1.0
False Positive Rate

Figure 3. ROC curves for benign (AUC=0.9842), malignant
(AUC=0.9164), and normal (AUC=0.9693) classes on the
test set

ROC: Receiver operating characteristic, AUC: Area under
the curve

The high F1scores for benign and normal classes reflect the
model’s ability to achieve both high precision and recall
for these classes, while the lower F1 score for the malignant
class (0.79) indicates a challenge in balancing precision
and recall.

The model's performance was further assessed using
PR curves (Figure 4), which show the balance between
precision and recall for each class. The PR curves show the
model’s ability to maintain high precision across varying
recall levels. The benign class achieved the highest average
precision (AP) score of 0.9803, reflecting the model's
strong performance in correctly identifying benign cases
with minimal false positives, as indicated by the curve
maintaining high precision even at high recall values. The
malignant class had an AP score of 0.8305, with the curve
showing a more noticeable decline in precision as recall
increases, suggesting a trade-off due to the complexity of
distinguishing malignant lesions. The normal class, with an
AP score of 0.8634, demonstrated a stable PR trade-off,
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Figure 4. Precision-recall curves for benign (AP=0.9803),
malignant (AP=0.8305), and normal (AP=0.8634) classes
on the test set

AP: Average precision

reflecting the smaller sample size of normal cases in the
dataset, though with a slightly steeper drop in precision at
higher recall compared to the benign class.

A summary of the confusion matrix on the test set (251
benign, 168 malignant, 139 normal) reveals the following:
237 benign correctly predicted, with 15 misclassified
as malignant and O as normal; 111 malignant correctly
predicted, with 34 misclassified as benign and 23 as normal;
and 139 normal correctly predicted, with O misclassified as
benign or malignant. This corresponds to O false negatives
for the benign and normal classes, and 57 false negatives
in total for the malignant class (34 as benign, 23 as normal),
representing 33.9% of malignant cases. The most frequent
confusions occurred in malignant cases, where 34 were
misclassified as benign and 23 as normal, highlighting a
challenge in distinguishing malignant lesions from other
classes.

The feature importance analysis of the 50 selected
features reveals a clear contribution ranking among the
models: ResNet50V2, VGGI16, and EfficientNetB3 (Figure 5).
ResNet50V2 leads with a total importance of 3,467 across
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Figure 5. Feature importance analysis of the top 50 selected features from ResNet50V2, VGGI6, and EfficientNetB3

models
LGBM: Light gradient boosting machine

18 features, yielding the highest average importance per
feature, at 192.61. VGGI16 follows closely in importance
with a total score of 3,103, contributing 18 features and an
average importance per feature of 172.39. EfficientNetB3
ranks third, with a total importance of 2,395 across 14
features, resulting in an average importance per feature
of 171.07. These results highlight ResNet50V2's dominant
influence in the LightGBM model.

DISCUSSION

Our study successfully developed and evaluated a machine
learning model aimed at classifying breast ultrasound
images into benign, malignant, and normal categories
by leveraging deep features extracted from multiple
pre-trained CNNs (VGG16; ResNet50V2; EfficientNetB3),
employing sophisticated feature selection methods, and
utilizing a stacking classifier. The model was trained and
evaluated on a comprehensive dataset aggregated from
five distinct public collections; this final dataset represents
a heterogeneous population across multiple medical
centers, enhancing the potential generalizability of our
model for breast lesion classification in diverse clinical
settings, a crucial aspect highlighted by studies like Cu et
al.”> which demonstrated the value of large multi-center
datasets. The findings presented in the results section
indicate a robust overall performance, highlighted by

a macro average AUC-ROC of 0.956 and an Fl-score of
0.88 on the unseen test data. The model demonstrated
particularly high efficacy in classifying benign lesions (AUC
0.984, F1 0.93) and normal tissue (AUC 0.969, F1 0.92),
achieving perfect recall for the normal class. Despite the
model’s overall strong performance, classifying malignant
lesions proved more challenging, as is evidenced by lower
metrics (AUC: 0.916; Fl-score: 0.79) compared to benign
and normal classes.

The model's overall success can be attributed to several
key factors inherent in the methodology. Firstly, the
extraction of deep features using transfer learning from
three powerful, pre-trained CNNs (VGG16; ResNet50V2;
EfficientNetB3) provided rich, hierarchical representations
of the ultrasound images. Concatenating features
from these diverse architectures likely created a more
comprehensive feature pool than relying on a single
network, capturing a wider range of patterns relevant
to classification. For example, Cao et al3 achieved
87.5% accuracy using DenseNet on 1043 images with
binary classification, while Ellis et al® reported 77.77%
accuracy for ResNet50 and 73.80% for VGG-19 on 3-class
classification with 571 images. However, direct performance
comparison is inappropriate due to different dataset sizes
(our dataset of 2,233 images vs. their smaller datasets);
preprocessing methods, and validation approaches.
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Feature importance analysis confirmed the contribution
of all three networks, with ResNet50V2 features showing
the highest aggregate importance in the final LightGBM
selection step. Secondly, the use of a stacking ensemble
classifier, integrating predictions from LightGBM, XGBoost,
CatBoost, and random forest via a logistic regression meta-
learner, leveraged the strengths of multiple algorithms,
while compensating for individual model weaknesses
and enhancing predictive robustness and generalization.
Ensemble methods, like the one used by Ragab et al'*
(achieving 97.52% accuracy with VGG-16/19/SqueezeNet
+ multilayer perceptron with 780 images), often enhance
predictive robustness and generalization. Thirdly,
employing SMOTE during training helped mitigate the
inherent class imbalance in the dataset, likely contributing
to the strong performance observed, particularly for the
benign and normal classes, which achieved excellent
precision, recall, and AUC scores.

However, while the model demonstrated high precision
(0.87) for the malignant class, indicating that positive
predictions for malignancy are likely correct, the recall
(sensitivity) of 0.71 presents a significant concern from
a clinical perspective. This recall value implies that
approximately 28-29% of actual malignant cases in the test
set were misclassified as benign or normal (false negatives).
This contrasts sharply with some studies reporting very
high recall/sensitivity, such as Yadav et al.® who achieved
98.55% overall recall and 90.32% malignant recall using a
modified ResNet-101 with 780 images, and Ragab et al'*
reporting 96.01% overall sensitivity with their ensemble.
Even Kalafi et al.,® who used an Attention-VGGI6 for binary
classification with 439 images, reported 96% sensitivity. In
clinical practice, failing to detect malignancy has far more
severe consequences than misclassifying a benign lesion as
malignant, (false positive). The 29% false-negative rate for
malignant cases could lead to delayed diagnoses, allowing
disease progression that may result in advanced-stage
cancer, increased mortality risk, and reduced treatment
efficacy. Our lower sensitivity might stem from the inherent
subtlety of some malignant lesions, potential limitations
of SMOTE for this complex class, or the aggressive feature
selection potentially removing crucial subtle features.
Future improvements could focus on addressing class
imbalance or incorporating additional features to better
distinguish malignant characteristics.

Our approach aligns with trends in the literature that utilize
deep learning for breastultrasound analysis3-¢ We extended
the deep feature extraction concept used by Yu et al.’> by
fusing features from three distinct architectures rather
than focusing on specific regions within one architecture
(Inception-V3). Our model achieved strong performance,
particularly for the benign (AUC: 0.984) and normal (AUC:
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0.969) classes. While direct comparison is challenging
due to variations in datasets, preprocessing, metrics, and
architectures across studies, these results are competitive
with or exceed those reported previously (e.g., Zhang et al!
90% AUC using Breast Imaging Reporting and Data System
features; Vigil et al* 78.5% accuracy using autoencoder/
radiomics; Cao et al? 87.5% accuracy using DenseNet for
ternary classification; Gu et al.”? 0.91 AUC using VGGI9 for
binary prediction). However, achieving the near-perfect
scores reported by Jabeen et al'® (99.1% accuracy with
augmented BUSI dataset using pre-trained DarkNet-53) or
Kiran et al.” (100% accuracy with EfficientKNN on a small
780-image dataset) remains challenging, and may depend
heavily on their reliance on extensive data augmentation
and smaller, potentially less diverse datasets, which may
not generalize as effectively to our ternary classification
task across a larger, multi-center dataset of 2233 images.

Study Limitations

Several limitations should be acknowledged in this study.
The multi-step feature selection, while necessary, might
have discarded valuable information; the clinical relevance
of the final 50 features needs further investigation.
Although the dataset was compiled from multiple sources
to enhance diversity, the model's performance was
evaluated only on an internal test split. External validation
on completely independent datasets from different
institutions and ultrasound machines is crucial to assess its
generalizability.

Future research should prioritize enhancing the
sensitivity (recall) for malignant lesion detection. This
may involve exploring cost-sensitive learning algorithms
that better address the misclassification of malignant
cases, experimenting with alternative data augmentation
techniques techniques, advanced oversampling methods
(e.g., ADASYN, class weighting within models), or optimizing
feature selection. Investigating attention mechanisms
(as in Kalafi et al.® or Lyu et al.’® for segmentation) within
the feature extractors, exploring architectures known for
high performance, such as advanced ResNet and variants,
could vyield improvements. Investigating alternative
approaches, such as end-to-end deep learning models
that learn features and classify directly without explicit
feature extraction/selection steps, or autoencoders for
dimensionality reduction, could also be beneficial.

CONCLUSION

In conclusion, this study demonstrates the considerable
potential of combining deep feature extraction from
multiple CNNs with advanced feature selection and
ensemble learning techniques for classifying breast
ultrasound images. This approach represents a promising
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frontier in breast cancer diagnostics. The developed model
achieved high overall accuracy and discriminatory power,
particularly excelling in the classification of benign and
normal cases on a diverse, multi-center dataset. These
results underscore the model's efficacy and potential as
a robust tool for clinical decision support. By mitigating
challenges associated with operator dependency and
subjective interpretation, such automated methods can
offer a reproducible approach to enhance early detection
and potentially reduce unnecessary invasive procedures.
However, the critical challenge of lower sensitivity
(recall) for malignant lesions must be addressed through
further research and refinement. While promising as a
component of a computer-aided diagnosis system to
support radiologists and enhance consistency, this model
requires significant improvements in malignant detection
and rigorous external validation are essential before it can
be reliably integrated into clinical workflows to ultimately
support improved patient outcomes.
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Amag: Nakil sonrasi donemde, ¢cogunlukla immunosupresif ajanlar ve hizli kilo alimi nedeniyle glukoz
metabolizmasi bozukluklari gelisebilir. Bu bozukluklar, insilin direnci, bozulmus glukoz toleransi
ve nakil sonrasi ortaya ¢ikan diabetes mellitus olarak karsimiza ¢ikar. Degisen glukoz metabolizmasi
kardiyovaskuler komplikasyonlara, greft sorunlarinin kétilesmesine ve farkli morbiditelere neden
olabilir. Bu durumlarin erken tespiti ve uygun tedavi plani, risk ve komplikasyon oranlarini azaltmak
icin son derece dnemlidir. Bu ¢calismada, ¢cocuklarda nakil &éncesi ve sonrasi dénem arasindaki glukoz
metabolizmasi degisikliklerini degerlendirmeyi amagladik.

Yoéntem: Bu calisma, klinigimizde bobrek nakli olan 36 cocuk hastanin klinik ve laboratuvar bulgularinin
retrospektif degerlendirilmesiyle yapildi. Nakilden 6nceki son laboratuvar degerlendirmesi ve ayrica
nakil sonrasi dénemdeki klinik ve laboratuvar parametrelerinin yillik degerlendirmesi protokoliimiize
gore olusturulan degerlendirme kayitlarindan alindi.

Bulgular: Bes yillik izlem sonucunda, 9 (%25) hastada insilin-glukoz metabolizma bozuklugu (2 hasta
nakil sonrasi diabetes mellitus, 3 hasta instlin direnci, 4 hasta glukoz tolerans bozuklugu) tanisi aldi.
Nakil sonrasi diabetes mellitus, insilin direnci ve bozulmus glukoz toleransi gelisen hastalarda; yasin,
gecmisinde periton diyalizi tedavisi uygulamis olmanin, perioperatif hiperglisemi nedeniyle insulin
ihtiyaci duymus olmanin, yuksek kreatinin dizeylerine sahip olmanin, yiksek vicut kitle indeksine
sahip olmanin ve nakil sonrasi puberteye girmenin insilin-glukoz metabolizmasi bozuklugu gelisme
riski ile pozitif korelasyon gosterdigi saptandi (p<0,05).

Sonug: Sonug olarak, pediatrik bébrek nakli hastalarinda glukoz metabolizmasinda degisiklik (nakil
sonrasi diabetes mellitus, instlin direnci, glukoz intoleransi) Gnemli bir morbidite nedenidir. Glukoz
metabolizmasi bozuklugu icin risk degerlendirmesinin nakilden dnce baslatilmasi ve nakilden sonra
yillik olarak devam ettirilmesi gerekmektedir.

Anahtar Kelimeler: Diabetes mellitus, glukoz intoleransi, instlin direnci, bébrek nakli, cocukluk cagi

ABSTRACT

Objective: In post-transplant period, glucose metabolism is altered mostly due to immunsupressive
agents and fast weight gain. Insulin resistance, impaired glucose tolerance test results and new onset
diabetes after transplantation are detected pathologies. Moreover, this altered glucose metabolism
could be a cause of cardiovascular complications, deterioration of graft problems and morbidities.
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MANYAS ve ark. Bobrek Nakli Sonrasi Glukoz Metabolizma Bozukluklari

Early detection and appropriate treatment plan have importance to reduce risk and complication rate. In this study, we aimed to assess glucose
metabolism changes in children between pre-and post-transplantation period.

Methods: We conducted a retrospective study with the clinical and laboratory findings of 36 pediatric kidney transplant patients in our clinic. Last
laboratory assesment before transplantation and also, clinical and laboratory parameters in post-transplant period were taken from evaluation

records according to our annually assessment protocol.

Results: In 9 (25%) patients have altered glucose metabolism (new onset diabetes mellitus after transplantation in 2 patients, insulin resistance in
3 patients, glucose intolerance in 4 patients). There was a positive corelation between age, being on chronic periton dialysis programme, the need
for insulin treatment in perioperative and first 24 hours in post-transplant period, low glomerular filtration rate, high body mass index, begining of
puberty and new onset diabetes mellitus after transplantation, insulin resistance and glucose intolerance (p<0.05).

Conclusion: In conclusion, altered glucose metabolism in pediatric kidney transplant patients is an important co-morbidity. We believe that risk
assessment for glucose metabolism disorders should be start before transplantation and continued annually after transplantation.

Keywords: Diabetes mellitus, glucose intolerance, insulin resistance, kidney transplantation, pediatric

GIRIS

Son dénem bobrek yetmezligi (SDBY) olan cocuklarda
glukoz metabolizmasinda gértlen bozukluklar sik rastlanan
bir problem haline gelmistir ve kronik bébrek hastaliginin
herdénemindegérilmektedir.insilinsekresyonbozuklugu,
instlin direnci ve beta hicre hasari bu durumda etkin rol
oynayan mekanizmalardir! Nakil sonrasi dénemde de,
cogunlukla immunosupresif ajanlarin kullanimi (6rnegin;
kortikosteroidler, kalsinérin inhibitorleri) ve hizli kilo alimi
nedeniyle glukoz metabolizmasi bozukluklari gelisebilir.
Ozellikle bobrek nakli yapilmis hastalarda diabetes
mellitus (DM) gelisimi riskinin arttig gorilmus, bu durumun
major kardiyovaskuler olaylar, enfeksiyon ve artmis
mortalite ile olan iliskisi de kanitlanmistir.2®* Bu sebeplerden
dolayi, glukoz metabolizmasindaki degisiklikleri yakindan
takip etmek ve artmis kan sekeri duzeylerini erken
saptamak, bu hastalarin ydnetiminde oldukg¢a 6nemli
hale gelmistir. Periton diyalizi (PD), hemodiyaliz (HD)
ve boébrek naklinden olusan renal replasman tedavi
yontemlerinin glukoz metabolizmasi Gzerine etkileri gesitli
arastirmacilar tarafindan incelenmistir. Bu calismalarin
onemli bir bolimuinde DM gelisimi dnceden 6ngdrilmeye
calisilmistir. Bu calismalarda glukoz metabolizmasindaki
degisiklikleri saptamak amaciyla aclik kan sekeri, HbAIC,
tokluk kan sekeri, oral glukoz tolerans testi (OGTT), insulin
dizeyi, homeostatic model assesment instlin rezistansi
(HOMA-IR) gibi insiilin ve glukoz dengesindeki bozukluklar
gosteren ve DM tanisini koymada kullanilan laboratuvar
tetkiklerinden yararlanilmistir!24¢ Bu calismada, bdbrek
nakliolan cocuklarda bdbrek nakli 5ncesinde ve sonrasinda
glukoz metabolizmasinda olusmus veya izlemde gelismis
bozukluklarin  klinik ve laboratuvar veriler esliginde
degerlendirilmesi amaglanmistir.

YONTEM

Klinigimizde bobrek nakli olan 18 yas alti 36 olgunun
demografik, klinik ve biyokimyasal verileri bobrek
nakli éncesi diyaliz programinda ve nakil sonrasi yillik
degerlendirmelerle geriye yonelik incelendi ve kaydedildi.

Calisma icin Saglik Bilimleri Universitesi, izmir Tepecik
Egitim ve Arastirma Hastanesi Etik Kurulu'ndan onay
alinmistir (karar numarasi: 8, tarih: 29.12.2014). Hastalarin
antropometrik ol¢iimleri (agirlik, boy, bel gevresi) ve kan
basinci kaydedildi. Neyzi verilerine gére agirlik, boy, vicut
kitle indeksi (VKI) persentilleri degerlendirildi. VKi agirligin
boyun metrekaresine boélunmesi ile [agirlik/boy? (kg/
m32)] hesaplandi. VKI <85. persentil olanlar normal kilolu,
VKi>85-<95. persentil olanlar asiri kilolu, VKIi >95. persentil
olanlar obez kabul edildi.

Hastalarin nakil &éncesi diyaliz tedavisi alip almadig,
hangi diyaliz tedavisinin (HD, PD) uygulandigi, nakil yasl,
nakil sonrasinda gecen sure, greft tipi (kadavra ve canli),
dondr yasi kaydedildi. Hastalarin pubertal dénemde olup
olmadiklari yillik degerlendirmelerle Tanner evrelemesine
gbre kaydedildi. Hastanin SDBY nedeni urolojik (vur,
obstruktif Uropatiler, tas hastaligl, nérojenik mesane vb.),

non-urolojik nedenler (glomertlonefritler, herediter
nefritler vb.) olarak iki grupta degerlendirildi.
Glukoz metabolizmasindaki degisiklikleri 6ngdrmede

aclik kan sekeri, aglik insulin duzeyi, OGTT, HOMA-IR
parametreleri yine nakil 6ncesi, sonrasi 12. ay ve bunu
izleyen 5yillik zaman diliminde yillik olarak degerlendirildi.
DM tanisinda Diinya Saglik Orgutu olcitleri kullanildi.
Aclik kan sekeri degerinin 2126 mg/dL olmasi, OGTT'nin
2. saatinde kan glukoz degerinin 2200 mg/dL olmasi,
semptomu olan hastada herhangi bir zamanda bakilan
kan sekerinin 2200 mg/dL olarak saptanmasi veya HbAIC
degerinin 2%6,5 saptanmasi DM olarak tanimlandi.

OCGTT 1,75 gr/kg glukozun oral alimi sonrasi 0.-120.
dakikalarda kan sekeri duzeylerinin 6l¢imu yapilarak
degerlendirildi. Bozulmus glukoz toleransi aglik plazma
glukozunun 100-125 mg/dL arasinda olmasi, OGTT'de 2.
saat glukoz duzeyinin 140-200 mg/dL arasi olmasi olarak
tanimlandi.

instlin direncini degerlendirmek amaciyla HOMA-IR (aclik
kan sekeri x acglik kan insulin duzeyi/405) degeri kullanildi.
instlin direnci HOMA-IR diizeyinin yiiksek saptanmasi
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olarak tanimlandi. Prepubertal hastalarda >2,5 ve pubertal
hastalarda >3,5 degerler yUksek olarak kabul edildi.

Steroid tedavisine ek olarak aldiklari immunosUtpresif
tedaviler kayit altina alindi. Steroidin hiperglisemik etkisi
dustinulirek hastalarimizin aylik kimulatif steroid dozu
mg/kg/ay olarak not edildi. Siklosporin ve takrolimus
kullanan hastalarin ortalama ila¢ kan duzeyi yillik olarak
hesaplandi.

Hastalar sitomegaloviris (CMV) enfeksiyonu agisindan
nakil 6ncesi, nakil sonrasi 12. ay ve sonrasinda yillik olarak
polimeraz zincir reaksiyonu ile CMV-deoksiribonukleik
asit tetkikleri kullanilarak arastirildi ve 100/mL kopyanin
Ustindeki degerler pozitif olarak degerlendirildi. Tani
biyopsi ile desteklendi.

BUyuk cocuklarda ve adélesanlarda serum kreatinin
seviyesinin bazal dtzeyinden 0,3 mg/dL, kiictik cocuklarda
ise %20 artis gdstermesi akut rejeksiyon kabul edildi. Akut
rejeksiyon kabul edilip yogunlastirilmis immunosUpresif
tedavilere maruz kalan hastalarin akut rejeksiyon sayilari
kayit altina alindi. Akut rejeksiyon tanisi alan hastalara tani
biyopsi ile konuldu.

Testler sonucunda glukoz tolerans bozuklugu, instlin
direnci, DM tanisi alan hastalarin tamami instlin-glukoz
metabolizma bozuklugu olarak tanimlandi.

istatistiksel Analiz

istatistiksel analizler IBM SPSS 20.0 (SPSS, Chicago,
Illinois, USA) programi kullanilarak yapildi. Normal dagilim
gOsteren degiskenler icin gruplar arasi karsilastirmalarda,
bagimsiz gruplarda Student's t-test kullanildi ve tanimlayici
istatistiksel ortalama * standart sapma bi¢ciminde verildi.
Kategorik olmayan verilerin yillar arasindaki anlamUlilik
arastirmalari icin Friedman’s two-way analizi kullanildi.
Kategorik verilerin karsilastirilmasinda Binomiyal test
ve Pearson ki-kare testi kullanildi. Kategorik verilerin
periyotlar arasindaki farkliligini arastirmak igin Kruskal-
Wallis testi kullanildi. Glukoz metabolizma bozuklugu
olarak tanimlanan hastalarin 6éngoértlmesi amaciyla tim
risk faktorleri Uzerinden korelasyon analizi uygulandi.
P<0,05 degeri istatistiksel olarak anlamli kabul edildi.

BULGULAR

Calismaya 17'si erkek (%47,2), 19'u kiz (%52,8) olmak Uzere
toplam 36 hasta dahil edildi. Hastalarin nakil 6ncesi
24'Gnin (%67) PD, 8'inin (%22) HD tedavisi ile izlendigi, 4
(%11) olgunun ise diyaliz tedavisi almadan bobrek nakli
oldugu (preemptif nakil) belirlendi. Diyaliz tedavisi almis
olan hastalarin ortalama diyalizde kalma sureleri ortanca
deger 12 ay, tum hastalarin ortalama nakil olma yaslari ise
ortanca deger 12 yas olarak saptandi. Hastalarin 15'inin
(%42) kadavradan, 21'inin ise (%58) canlidan nakil oldugu
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saptandi. Hastalarin nakil sonrasi ortalama izlem sUresi
ortancadeger 4l ay olarak bulundu. Nakil sonrasi hastalarda
kullanilan immunsutpresyon rejimleri degerlendirildiginde
3 (%8,3) hastanin igeriginde siklosporin bazli, 33 (%91,7)
hastanin ise iceriginde takrolimus bazli rejimleri kullandigi
saptandi. Ailesinde DM tanisi olan hasta belirtilmedi. Nakil
sonrasl ilk dénemde eve gidene kadar olan dénemde
hiperglisemi nedeniyle instlin tedavisi alan 11 (%30,5)
hasta saptandi (Tablo 1). Nakil sonrasi insilin-glukoz
metabolizmasi bozuklugu toplamda 9 (%25) hastada
saptandi. Bu hastalardan 2'sinde (%5,6) bobrek nakli
sonrasi gelisen diabetes mellitus (NSDM), 3'Unde (%3,8)
insalin direnci, 4'tnde (%1,11) glukoz tolerans bozuklugu
saptandi (Sekil 1).

Nakil 6ncesi hastalarin hicbiri obez veya asiri kilolu olarak
tanimlanmadi. Hastalar instlin-glukoz metabolizmasi
bozukluklari agisindan degerlendirildiklerinde nakil dncesi
yalniz 1 (%2,7) hastada glukoz tolerans bozuklugu, bu
hastadan farkli 1(%2,7) hastada da insulin direnci saptandi.
Hicbir hastada DM saptanmadi.

Hastalar 1. yilinda instlin-glukoz metabolizma bozukluklari
agisindan degerlendirildiginde 2 hasta (%6,6) NSDM tanisi
aldi. Bu hastalara tedavi baslanip, hastalar izleme alindi.
Nakil &dncesi insulin direnci saptanan bir hastaya ikincisi de
eklenerek nakil sonrasi 1. yilda insulin direnci olan hasta
sayisi 2'ye ciktl. Nakil dncesinde glukoz tolerans bozuklugu
saptananlhastabulunurken, nakilden sonrakil.yilda glukoz
tolerans bozuklugu gelisen yeni bir hasta daha saptandi ve
boylece glukoz tolerans bozuklugu olan hasta sayisi 2'ye
yikseldi. instilin-glukoz metabolizma bozuklugu saptanan
bu 6 hastadan 2'si asiri kilolu olarak degerlendirildi.

Hastalarin 26'sinin (%72,2) bobrek nakli sonrasi 2. yilini
doldurdugu belirlendi. ikinciyilda 2 (%7,7) hasta obez olarak
kabul edildi. Fazla tartili hasta sayisi 2 hasta ile degismedi.
ikinci yilicinde yeni NSDM hastasi saptanmazken 1. yila gére
1 yeni instlin direnci ve 2 yeni glukoz tolerans bozukulugu
hastasina tani konularak 2. yil sonunda insulin-glukoz
metabolizma bozuklugu saptanan toplam hasta sayisi 9
olarak belirlendi. Boylelikle insulin-glukoz metabolizma
bozuklugu saptanan tum hastalara tanilar ilk 2 yilda
konmus oldu (Tablo 2).

Tablo 2'de de hastalarin 5 yillik izlemleri sonucu elde
edilen klinik ve laboratuvar verilerin ortalamalarinin
karsilastirilmis hali verildi. VKI degerlerinin tim izlem
surecinde istatistiksel olarak anlamli bir artis géstermedigi
saptandi.Ancak nakilsonrasidénemicerisindeyillikizlemler
ayri ayri olarak nakil 6ncesi dénem ile karsilastirildiginda
tim periyotlarda VKI degerleri nakil éncesi déneme gére
istatistiksel olarak anlamli bir bicimde ylUksek bulundu
(p=0,02).
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Tablo 1. Hastalarin genel 6zellikleri

Hasta sayisi, (n)

36

Erkek/Kiz (n), (%)

17/19, 47.2/52.8

Nakil dncesi diyaliz tipi (n), (%)

PD 24(67)
HD 8(22)
Preemptif 4(1)

Diyalizde kalma siresi, (ay)

16,16%1,47/12

Hastalarin nakil olma yaslari

11,82%4,7/12

Nakil tipi (n), (%)

Canli 21(58)
Kadavra 15 (42)
Donér yas! 25,62%16,41/31

Nakil sonrasi izlem siiresi, (ay)

4554+26,5/41

imminostpresif ilac rejimi (n), (%)

Siklosporin iceren rejim 3(8,3)
Takrolimus iceren rejim 33(91,7)
Nakil sonrasi eve ¢ikana kadar gegici insulin kullanan hasta sayisi, (n), (%) 11(30,5)
(Nn";\k(tl/?ncesi ve sonrasi insllin-glukoz metabolizma bozuklugu saptanan toplam hasta sayisi 9 (25)
NSDM 2(5,6)
instlin direnci 3(8,3)

Glukoz tolerans bozuklugu

4(11,1)

Degerler ortalama * standart sapma/ortanca deger olarak verilmistir. PD: Periton diyalizi, HD: Hemodiyaliz, DM: Diabetes mellitus, NSDM: Nakil

sonrasi gelisen diabetes mellitus

Nakil Sonras Insiilin-Glukoz Metabolizmas1 Bozukluklar:

12%

10%

8%

6%

4%

2%

0%

m NSDM

minsilin Direnci  m Glukoz Tolerans Bozuklugu

Sekil 1. Bobrek nakli sonrasi ortaya cikan insilin-glukoz metabolizmasi bozukluklari gériilme sikligi

NSDM: Nakil sonrasi gelisen diabetes mellitus
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Tablo 2. Hastalarin bobrek nakli sonrasi izleminde yillik kan sekeri, insiilin dengesi degisim parametreleri ve iliskili faktorler
0.Yil 1. Yl 2.Yil 3.Yil 4.Yil 5.Yil P

Hasta sayisi (n) 36 31 26 19 12 10
VKI (kg/m?)20 16,86%1,59 19,49+3 53 19,02+2,86 | 18,97%2,54 18,93%1,84 19,63%2,31 0,30%/0,02°
Aclik kan sekeri (mg/dL)>< 88,88+10,62 | 87,30£16,55 84,69+830 | 87,50%12,85 | 88,25%13,59 83,70%10,32 | 0,35
instlin (IU/mL) 12,43+%15,13 6,08+4,92 7,66%5,43 7,01%4,39 5,76%3,16 8,09+3,81 0,06%/0,01¢
HOMA-IR (mg/dL)? 2,60%2 81 1,28+1,05 1,56%1,14 1,47%1,01 1,521,711 1,72£0,77 0,06°
OGTT (mg/dL)?
0. Dakika 94+21,21 85,44%8,53 83,37+7,74 | 81,38%10,60 | 81,30%13,27 79,4317 48 0,22
120. Dakika 95+424 123,59+74,17 99,89+17,58 | 117,81£35,07 | 111,60£35,38 94,14%19,45 | 0,072
instlin-glukoz
metabolizma bozuklugu | (g , 6(19.2) 9(346) | 9(473) 0(0) 0(0) 0,03
saptanan hasta sayisi (n),
(%)e
e\ asta saysi ) 2(6,4) 2(7.7) 2(10,4) 0(0) 0(0) 0,04°

(e}
insulin direnci*e 1(2,7) 2(6,4) 3(11,5) 3(15,8) 0 (0) 0 (0) 0,04°
Clukoz tolerans 127) 2(6,4) 4(15,4) 4Q1) 0(0) 0(0) 0,02¢
bozuklugu®
*Hastanin puberte durumuna gére degerlendirildi.
*Freidman’s two-way analizi.
bStudent's t testi; VKi 0. yil degerleri post transplant diger yillara gére anlamli dusitik (p=0,02).
Student's t testi; VKI ve instilin diizeyleri 0. yil degerleri post transplant diger yillara gére anlamli distik (sirasiyla p=0,02, p=0,01).
dKruskal-Wallis testi: Nakil dncesi ddneme gore nakil sonrasi ddnemde puberteye giren hasta orani istatistiksel olarak analamli bir bicimde streklilik
gostererek artmis (p=0,03).
eKruskal-Wallis testi: nakil dncesi ve nakil sonrasi ilk 3 icinde instlin-glukoz metabolizma bozuklugu saptanan hasta orani istatistiksel olarak
analamli bir bicimde sureklilik gstererek artmis (p=0,03).
VKi: Viicut kitle indeksi, [U: internasyonel Unite, HOMA-IR: Homeostatic model assesment instlin rezistansi, OGTT: Oral glukoz tolerans testi, NSDM:
Nakil sonrasi gelisen diabetes mellitus

Benzer sekilde ortalama insilin  degerlerinin  tim
izlem surecinde istatistiksel olarak anlamli bir degisim
gostermedigi saptandi. Ancak nakil sonrasi ddnem
icerisinde yillik izlemler ayri ayri olarak nakil 6ncesi
dénem ile karsilastirildiginda tim periyotlarda ortalama
instlin degerleri nakil 6ncesi déneme gore istatistiksel
olarak anlamli bir bicimde dustk bulundu (p=0,01). Nakil
sonrasi donemde istatistiksel olarak anlaml bir bicimde
puberteye girme oranlarinin yUkselerek gittigi goérulda
(p=0,04), Yillar icerisinde gorilen degisim icerisinde
sadece insulin-glukoz metabolizma sorunu saptanan
toplam hasta oraninin (p=0,03), NSDM saptanan hasta
oraninin (p=0,04), instlin direnci saptanan hasta oranin
(p=0,04) ve glukoz tolerans bozuklugu saptanan hasta
oraninin (p=0,02) nakil 6ncesi dbnemden nakil sonrasi 3 yil
boyunca istatistiksel olarak anlamli bicimde artig gosterdigi
saptandi. insiilin-glukoz metabolizma bozuklugu saptanan
ve saptanmayan hastalarin klinik, laboratuvar 6zellikleri
Tablo 3'te karsilastirmali olarak verildi. Glukoz metabolizma
bozuklugu saptanan grupta sayica obez hasta ve nakil
sonrasi eve ¢lkana kadar gecici insulin kullanan hasta

sayisi daha fazla saptandi. Yine bu grupta kreatin klirensi
istatistiksel olarak daha dustk bulundu (p=0,03).

instilin-glukoz metabolizma bozuklugu (insulin direnci,
bozulmus glukoz toleransi ve NSDM) saptanan hastalarin
tamaminin korelasyon sonuclari Tablo 4'te verildi. Sadece
anlamli bulunan sonuglar tabloya alindi. Nakil yaslari 10
yasindan buyUk olan hastalarda NSDM, insllin direnci
ve bozulmus glukoz toleransi gelisimi arasinda pozitif
korelasyon saptandi (p=0,01, r=0,45). Nakil 6ncesi diyaliz
yontemi olarak kronik PD tedavisi altinda izlenmis olmak
ile insdlin-glukoz metabolizma bozuluklari arasinda
pozitif korelasyon saptandi (p=0,005, r=0,45). Nakil &ncesi
kreatinin sonuglari ile insllin-glukoz metabolizmasi
bozukluklari  arasinda  pozitif korelasyon  bulundu
(p=0,02, r=0,52). Hem 1. yilda (p=0,009, r=0,66) hem de
2. yilda (p=0,03, r=0,42) fazla tartili ve/veya obez olmak
ile instlin-glukoz metabolizmasi bozukluklari arasinda
pozitif korelasyon saptandi. Son olarak insulin-glukoz
metabolizmasi bozukluklar saptandigl sirada puberteye
girmis olmak ile glukoz metabolizma bozukluklari arasinda
da pozitif korelasyon saptandi (p=0,01, r=0,40).
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Tablo 3. insi.ilin-glukoz metabolizma bozuklugu saptanan ve saptanmayan hastalarin klinik, laboratuvar 6zellikleri

insiilin-glukoz insiilin-glukoz
metabolizma bozuklugu metabolizma bozuklugu | p
saptanmayan hasta saptanan hasta
Hasta sayisl, (n)/(%) 27 (75) 9 (25)
VKI (kg/m?)
Pretransplant 16,6%1,45 17,76%1,89 0,59
1. Yl 18,1£2,58 21,734,555 0,68
2.Yil 18,27+2,34 21,27%331 0,57
3.Vl 18,95%2,79 19,05%1,67 0,39
4. Y1l 19.11£1,77 18,05%2,72 0,44
5.Yil 19,412, 4 20,51+2 42 0,96
Fazla tartili ve/veya obez hasta sayisi n, (%) 1(3,7) 6(96,3) 0,01
Pretransplant CrCl (mL/dak/1,73 m?) 19,05%5,65 10,4%2,36 0,03
Nakil sonrasi eve ¢cikana kadar gecici insulin kullanimi n, (%) 4 (14,8) 7(77,7) 0,002
immuinostipresif tedavi n, (%)
Siklosporin tedavi rejimi 31 0 (0) 099
Takrolimus tedavi rejimi 24 (89) 9(100) '
Nakil tipi
Canli 17 4
Kadavra 10 5 032
Pretransplant RRT tipi (n), (%)
PD 19(70,3) 4 (44,4)
HD 3(1,1) 5(55,6) 0,15
Preemptif 5(18,6) 0(0)

VKi: Vicut kitle indeksi, CrCl: Kreatinin klirensi, RRT: Renal replasman tedavisi, PD: Periton diyalizi, HD: Hemodiyaliz

TARTISMA

Cesitli calismalarda NSDM gelisim oranlari konusunda
cok farkli sonuglara rastlanmaktadir. Bu verilerin blytk
cogunlugu yetiskin hastalara ait olup, bu oranlar organ
nakli olmayan hasta grubu ile karsilastirildiginda organ
nakli olmus hastalarda anlamUl artislar gézlenmektedir’?
Ancak cocukluk ¢caginda NSDM, bozulmus glukoz toleransi
ve insulin direnci konusunda bilgi ve deneyim son derece
kisitlidir. Bu galisma 5 yillik izlemi iceren ve bdébrek nakli
yapilmis 36 hastayi kapsayan bir calisma olup, konuyla ilgili
veriler icermesi acisindan oldukga dnemlidir.

Son zamanlarda yapilan randomize kontrollt ¢alismalarda
nakil sonrasi ilk T yilda NSDM gelisme orani %2-50 gibi
cok genis bir aralikta bildirilmektedir’® Ulkemiz verileri
incelendiginde, nakil sonrasi hastalarda DM gelisimi ve
instlindirencigelisimiileilgiliyapilanarastirmalarinkisitliligi
dikkati cekmektedir. Karakan ve ark.' eriskin yas grubunda
%19,4 oraninda NSDM saptadiklarini  bildirmislerdir.
Ulkemizde yapilan calismalarin kisitli olmasina ragmen
organ nakli olmayan hasta grubu ile karsilastirildiginda
NSDM gelisiminin nakil sonrasi hastalarda daha yuksek

oranda saptandigl rahatlikla sdylenebilir. Calismamizda,
NSDM orani %6,5, insulin direnci tanisi orani %8,3 ve
glukoz tolerans bozuklugu orani %111 olarak saptandi
(Tablo 2). Yurt ici ve yurt disinda yapilan calismalarda
bildirilen oranlar bizim ¢alismamizda saptanan oranlara
benzer bulundu.

Bozulmus glukoz toleransi, NSDM gelisimi icin 6nemli
bir risk faktérudir. Prediyabeti olan hastalar, NSDM'ye
ilerleme riski ylksek oldugundan, nakil sonrasi donemde
yakindan izlenmelidir. Bu hastalar, dizenli kan glukozu
degerlendirmelerine ek olarak, kilo ydnetimi, saglikli
beslenme ve fiziksel aktivite gibi yasam tarzi degisiklikleri
konusunda danismanlik almalidir. Bu 6nlemler, &zellikle
nakil sonrasi immunosUpresif tedavi baglaminda, diyabet
gelisimi icin ek bir risk faktori olan asir kilo alimini
onlemeye vyardimci olabilir® Bu c¢alisma, az sayidaki
pediatrik calismalardan farkli olarak hastalarin  nakil
oncesi insulin glukoz metabolizmasi ile ilgili bulgular da
icermektedir. Bu bulgulara goére insulin duzeyleri nakil
Oncesi donemde diger post transplant dénemlere goére
istatistiksel olarak anlamli bir bigimde yUksek bulundu
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bulunan sonuglar verildi)

Tablo 4. NSDM, insiilin direnci ve bozulmus glukoz toleransi gelisen hastalarda korelasyon analizi sonuglari (sadece anlaml

p r
Yas (210 yas) 0,02 0,52
PD yapmis olmak 0,005 0,45
Nakil sonrasi eve ¢ikana kadar gegici instlin kullanimi 0,004 0,57
Pretransplant diyaliz yetersizligi (CrCl <10 mL/dak/1,73 m?) 0,01 0,51
1. Yilda fazla tartili ve/veya obez olmak (VKIi 285 p) 0,009 0,66
2.Yilda fazla tartili ve/veya obez olmak (VKi 285 p) 0,03 0,42
Puberteya girmis olmak 0,01 0,40

assesment instlin rezistansi

NSDM: Nakil sonrasi gelisen diabetes mellitus, PD: Periton diyalizi, CrCl: Kreatinin klirensi, VKi: Viicut kitle indeksi, HOMA-IR: Homeostatic model

(p=0,01). HOMA-IR ortalama duzeyleri pretransplant
dénemde yUksek bulunsa da posttransplant diger
dénemler ile karsilastirildiginda istatistiksel olarak anlamli
bir sonu¢ bulunmadi. Bizim olgularimizda pretransplant
ddnemde DM hastasi saptanmadi. Ancak birbirinden farkli
olan 1 (%2,7) hastada bozulmus glukoz toleransi, 1 (%2,7)
hastada ise insulin direnci saptandi.

Post-transplant ddnemde postoperatif ilk glnlerde
cerrahi stres, yiksek doz steroid kullanimi ile iliskili olarak
hiperglisemi saptanma olasiligi ylksektir. Ancak sonraki
birka¢ hafta da dahil olmak Uzere bu stres hiperglisemisi
déneminde instline ihtiyac duymus olmak, posttransplant
uzun doénemde NSDM agisindan artmis risk faktord
olarak bildirilmektedir® Bu ¢alismada posttransplant
hiperglisemiye bagli olarak 11 hastada (%30,5) gecici olarak
instlin kullanitmigtir. NSDM, insulin direnci ve bozulmus
glukoz toleransi saptanan hastalar, saptanmayan hastalar
ile karsilastirildiginda hasta grubunda bu tedaviyi alma
orani istatistiksel olarak anlamli bulundu (p=0,002),
(Tablo 3). Ayrica literatr ile uyumlu olarak NSDM,
insulin direnci ve bozulmus glukoz toleransi bir havuzda
degerlendirildiginde bu havuza giren hastalar ile
posttransplant erken doénem insulin kullanma ihtiyaci
arasindan pozitif kolerasyon saptandi (p=0,004, r=0,57)
(Tablo 4).

Nakil sonrasi ilk 1 yilda NSDM gelisme riskinin en ylUksek
oranda bulundugu ifade edilmektedir’ ilk alti ayda
NSDM insidansi %20,5'tir. Bu sUrenin ardindan insidans
duser ve yillik yaklasik %6 seviyesinde sabitlenir; bu oran,
transplantasyon bekleme listelerindeki hastalardaki
diyabet oraniyla benzerdir” Eger nakil sonrasi dénemin
ilerleyen zamanlarinda diyabet teghis edilirse, bu durum
NSDM yerine tip 2 DM olarak da degerlendirilebilir!® Bu
calismada posttransplant 5 yillik izlem strecinde anormal
glukoz metabolizmasina sahip 9 hasta saptandi. Literattr
ile uyumlu olarak bu hastalarin 6'sina (% 66,6) ilk 1 yilda
tani konulmus olup tamami ilk 2 yil icinde tani aldi. Bu
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calismadan cikarilacak 6nemli sonuglardan birisi de nakil
olan hastalarin nakil sonrasi 6zellikle ilk 1 yilda glukoz
metabolizma bozuklugu acisindan yakindan izlenmesinin
6nemidir.

Nakil sonrasi DM gelisimi, bozulmus glukoz tolerans ve
instlin direncine neden olabilecek degistirilebilir risk
faktorleri icerisinde ise 6zellikle asiri kilo, obezite, sedanter
yasam, sigara icme gibi kisinin yasam aliskanliklarina bagli
mudahale edilebilir nedenler bulunmaktadir!®?*® Nakil
olmamis hastalar gibi nakilolan hastalarda da obezitevarlig,
ézellikle VKI >29,9 kg/m? saptanan hastalar, DM gelisimi
acisindan kuvvetli risk tasimaktadirlar. Calismamizda nakil
sonrasi hem 1. yilda (p=0,009, r=0,66) hem de 2. yilda
(p=0,03, r=0,42) fazla tartili ve/veya obez olmak (VKi >85
p) ile NSDM, glukoz tolerans bozuklugu ve insilin direnci
arasinda pozitif korelasyon saptandi (Tablo 4).

Kuzey Amerika Pediatrik Nefroloji Calisma Grubu verilerine
gore 1987-2002 yillar arasinda obezite prevelansi nakil
olan gocuk bdbrek hastalarinda da %9,7'den %12,4'e ciktig
tespit edilmistir. Obezite oranlarindaki bu artisin nakil
sonrasi gelisen bozulmus glukoz toleransi, insulin direnci
ve NSDM insidansinin artmasinda en dnemli katki veren
problem oldugu dustnilmektedir? Bu calismada nakil
sonras! sUratle artan obezite gdstergesi olarak hem 1. yil
VKIi (p=0,008, r=0,42), hem de 2. yil VKIi (p=0,02, r=0,42)
sonuglari  posttransplant insulin-glukoz metabolizma
bozukluklari arasinda istatistiksel olarak anlamli bir
bicimde pozitif korelasyon saptandi. Uremi, diyaliz tedavisi,
renal tUbuler disfonksiyon, asidoz, anemi gibi bir cok
faktérin neden oldugu istahsizligin nakil uygulanmasi
ile birlikte daha ilk haftalardan itibaren ortadan kalkmasi
ve bu dénemlerde uygulanan daha yUksek doz steroid
tedavisinin de katkisiyla istahin daha da artmasi, bircok
diyet yasaginin sonlanmasinin, hizli kilo aliminin en énemli
nedenleri oldugunu dusunmekteyiz. Bunu destekler
nitelikte pretransplant VKI degerleri posttransplant
surecte yillar igerisinde istatistiksel olarak anlamli bir
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bicimde artmamis olsa da (Tablo 2, Friedman’'s two-way
analizi, p=0,30) pretransplant VKIi degerleri sonraki yillarin
her biri ile ayri ayri degerlendirildiginde, istatistiksel olarak
anlamli bir bicimde dustk bulundu (Tablo 2, Student's t
testi, p=0,02).

Takrolimusve siklosporin gibi kalsindrin inhibitdrleri, instlin
salgisini azaltarak, instlin direncini artirarak ve pankreatik
beta hicreleri Uzerinde toksik etki yaparak NSDM
gelisimine katkida bulunur.?22* Diabetojenik etkileri, ylksek
doz kortikosteroidlerle birlikte kullanildiginda daha da
artar2 Ozellikle takrolimus, akut greft reddini dnlemede ve
greft sagkalimini iyilestirmede siklosporinden 100 kat daha
etkilidir. Ancak, takrolimus, NSDM gelisimi ile siklosporine
kiyasla daha glclu bir sekilde iliskilidir2¢ Siklosporin ile
tedavi edilen gruplarda NSDM saptanma orani %23,7 olarak
bulunmustur? Takrolimus ile tedavi edilen bir baska nakil
grubunda ise 6 ay sonraki NSDM orani %57,1 gibi daha
ylksek bir oranda saptanmistir.2® Dért bin dort ytz elli iki
kalp nakli hastasi Uzerinde yapilan buyUk bir ¢alismada,
takrolimusun NSDM gelisimi ile en ylUksek iliskiye sahip
oldugu (HR=1,459), ardindan rifampisin ve siklosporinin
geldigi bulunmustur?® Son yillarda yapilan baska bir
calismada ise takrolimus ve siklosporin iceren rejimler
NSDM gelisimi agisindan karsilastirilmis fakat istatistiksel
olarak herhangi bir fark saptanmamistir3® Takrolimus
genellikle imminosupresif protokollerde birinci basamak
tedavi olarak kullanilir ve mTOR inhibitorleri, mikofenolat
mofetil veya azatioprin gibi diger ilaglarla kombin edilerek
dozlar azaltilir ve toksisite en aza indirilmeye calisilir3"3
Calismamizda ise insulin-glikoz metabolizmasi bozuklugu
olan ve olmayan hastalar almakta olduklari takrolimus ve
siklosporin iceren rejimler agisindan karsilastirildiginda
istatistiksel olarak anlaml farklilik saptanmadi (p=0,29)
(Tablo 3).

Hepatit C enfeksiyonu ve CMV enfeksiyonu gecirilmesi
de bazi calismalarda NSDM gelisimi icin risk faktorleri
olarak tanimlanmistir’® Otozomal dominant polikistik
bobrek hastaligi varligl, PD tedavisi almis olmak, metabolik
sendromun diger komponentlerinin varliginin da NSDM
gelisimi ile iliskili oldugu bildirilmektedir” Obezite disinda
Onlebilir risk faktorleri icerisinde sadece PD tedavisini
uygulamis olmanin hasta grubumuzda nakil sonrasi
gelisen insulin-glukoz metabolizma bozukluklari agisindan
istatistiksel olarak anlamli bir sekilde pozitif korelasyona
sahip oldugu goruldu (p=0,005, r=0,45), (Tablo 3).

Bu calisma onemli veriler icerse de bazi handikaplara
sahiptir. Geriye doénUk olarak planlanmasi en 6nemli
handikapi olarak dustnulebilir. Veriler 5 yili ilgilendirse de
calismaya alinan 36 hastadan henlz 5 yilini dolduran hasta
sayisi sadece 10'dur. Daha objektif sonuclara ulagsmak icin

cok merkezli, daha ¢ok hasta sayisina ulasmis ileriye donuk
calismalara ihtiyag oldugunu distinmekteyiz.

SONUC

Sonug olarak ¢alismamizda bobrek nakli sonrasi 2 hasta
NSDM, 3 hasta insulin direnci, 4 hasta glukoz tolerans
bozuklugu olmak Uizere toplamda 9 (%25) hasta instlin-
glukoz metabolizma bozuklugu tanisi aldi. insilin
direnci ve glukoz tolerans bozuklugu saptanan hastalarin
tamamina ilk 2 yilda, NSDM hastalarinin tamamina ilk
bir yilda DM tanisi konuldu. Bébrek nakli olan hastalarda
normal popUlasyona ve SDBY hastalarina gére DM riskinin
daha yuksek oldugu desteklenmis oldu. Bu nedenle nakil
sonrasi hastalarda DM gelisimini &nlemek amaciyla olgular
nakil dncesi ve sonrasi klinik ve laboratuvar bulgulariyla
yakindan izlenmelidir. NSDM gelisimi, instlin direnci ve
glukoz tolerans bozuklugu saptandigl takdirde gerekli
tedavi girisimleri uygulanmalidir.
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ABSTRACT

Objective: In this study, we aimed to investigate the effect of variations in cardiac troponin | (cTnl)
(delta troponin) levels-within the normal reference range-on 30-day mortality and non-fatal major
adverse cardiac events (MACE) in patients who were monitored in the emergency department with a
preliminary diagnosis of acute coronary syndrome.

Methods: After obtaining ethics committee approval, this retrospective study included patients who
presented to the emergency department with chest pain and/or related symptoms, underwent serial
cTnl measurements, and had measured cTnl levels <0.05 ng/mL. Patients were divided into two groups
based on the presence or absence of delta troponin. The association between delta troponin and 30-
day mortality and non-fatal MACE was examined.

Results: The group with positive delta cTnl had a significantly higher risk of non-fatal MACE compared to
the group without delta cTnl (p<0.001). The presence of cardiac-type chest pain, ischemic ST-segment
changes on electrocardiographic, and a history of hypertension, diabetes, hyperlipidemia, and coronary
artery disease were all significantly associated with an increased risk of 30-day mortality and non-fatal
MACE. Similarly, advancing patient age was significantly associated with these outcomes.

Conclusion: Our findings demonstrate that changes in delta troponin levels below the 99" percentile
have a significant impact on the risk of 30-day mortality and non-fatal MACE.

Keywords: 99" percentile, delta troponin, chest pain, mortality, major adverse cardiac event
oz
Amag: Bu calismada, acil serviste akut koroner sendrom 6n tanisiyla izlenen hastalarda, normal referans

araligi icindeki kardiyak troponin | (cTnl) duzeylerindeki degisimlerin (delta troponin) 30 ginlik
mortalite ve 6lumcul olmayan major kardiyak olaylar (MACE) Gizerindeki etkisini arastirmayr amagladik.

Yoéntem: Bu calismaya, etik kurul onayi alindiktan sonra gdgus agrisi ve/veya iliskili semptomlar ile acil
servise bagvuran, seri cTnl takibi yapilan ve élglilen cTnl 0,05 ng/mL olan hasta grubu geriye donuk
olarak alindi. Hastalar delta troponin olan ve olmayan seklinde iki gruba ayrildi ve 30 giinluk mortalite
ve mortalite disi MACE ile iliskili durumlari incelendi.

Bulgular: Delta cTnl pozitif olan grupta olmayan gruba gére mortalite disi MACE riski daha yUksek
bulundu (p<0,001). Kardiyak tipte goglus agrisi ve elektrokardiyogramda iskemik ST segment
degisikliginin olmasi, hasta 6zgec¢misinde hipertansiyon, diabet, hiperlipidemi ve koroner arter
hastaligr 6ykusinin olmasi, 30 glinliik mortalite ve mortalite disi MACE riskini anlamli olarak artirdi.
Benzer anlamlilik hasta yasi arttikca da goralda.
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Sonug: Calismamiz bulgulari, 99 persantil altindaki delta troponin degisiminin 30 giinlik mortalite ve mortalite disi MACE riski lizerinde etkisinin

anlamli oldugunu goésterdi.

Anahtar Kelimeler: 99 persantil, delta troponin, gégus agrisi, mortalite, major kardiyak olay

INTRODUCTION

Chest pain is one of the most common complaints
presented to the emergency department. In the majority
of cases, the underlying cause is benign, non-cardiac in
nature, and does not require hospitalization. However,
a smaller yet potentially life-threatening subset of these
patients is diagnosed with acute coronary syndromes
(ACS).? According to the literature, approximately 2%
of ACS patients are mistakenly discharged from the
emergency department, and this group demonstrates
increased 30-day morbidity and mortality rates? This
poses a significant concern for both emergency physicians
and cardiologists, complicating the overall management of
patients presenting with chest pain!

One of the key challenges lies in the subjective nature of
chest discomfort, which may not be clearly articulated
by certain patient populations, including women, the
elderly, individuals with diabetes, and those with mental
health conditions. In such groups, ACS may present with
atypical or equivalent symptoms such as dyspnea, fatigue,
epigastric pain, dizziness or nausea and vomiting, rather
than classic chest pain.'?

In ST-elevation myocardial infarction (STEMI), which
accounts for a small proportion of ACS, the diagnosis
can be made rapidly through electrocardiographic (ECG)
evaluation. The identification of non-STEMI (non-STEMI)
cases-characterized by ischemic ECG changes and elevated
cardiac enzymes-is relatively straightforward. However, the
primary challenge lies in detecting and managing low-risk
ACS cases in which cardiac enzyme levels are either within
normal limits or show only minimal elevation.?*

The diagnostic approach to ACS relies on a combination
of clinical history, ECG, and cardiac biomarkers. While the
interpretation of history and ECG findings has remained
largely unchanged over the years, cardiac biomarkers
have undergone frequent updates in recent years2?*
Among cardiac troponin T (cTnT) and troponin | (cTnl) are
considered reliable markers for both the diagnosis and
exclusion of ACS.2%¢ cTnl, a myocardial-specific marker of
infarction, begins to rise within 2 to 4 hours following acute
myocardial injury and typically peaks at around 24 hours.”

In current ACS guidelines when neither STEMI nor non-
STEMI is suspected, the evaluation of chest pain is
recommended to incorporate validated risk-stratification
tools®? This approach is particularly important in
emergency departments that rely on conventional cTn
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assays rather than high-sensitivity cardiac troponin (hs-
cTn), as risk scores improve the identification of low-
risk chest pain patients in these settings.’ Notably, the
History, ECG, Age, Risk Factors, and Troponin (HEART)
score-encompassing HEART, its successor, the HEARTS?
score, facilitates the early discharge of chest pain patients
without necessitating exercise testing, advanced cardiac
investigations, or imaging® Moreover, these tools permit
reliable estimation of 30-day major adverse cardiac event
(MACE) risk-including non-fatal myocardial infarction,
revascularization, and out-of-hospital cardiac arrest-
thereby optimizing patient management in the emergency
department.*?

Delta troponin refers to the difference between two
troponin values evaluated at different times during a
patient’s follow-up.In our study, we aimed to evaluate
whether changes in troponin values, even when below the
normal limits, could be clinically predictive. In this study,
we aimed to evaluate the impact of an increase in delta
troponin levels on 30-day mortality and non-fatal MACE
among patients monitored in the emergency department
with a provisional diagnosis of ACS and normal-range cTnl
values.

METHODS

This retrospective cross-sectional study was approved
by the Clinical Research Ethics Committee of University
of Health Sciences Turkiye, izmir Bozyaka Training and
Research Hospital (decision number: 7, date: 04.07.2018).
We included patients aged 218 years who presented to the
emergency department of this tertiary center between
January 1, 2017, and December 31, 2017, with chest pain or
chest pain-related symptoms (dyspnea, fatigue, epigastric
pain, dizziness, nausea/vomiting), and whose serial cTnl
measurements remained within the normal range (£0.05
ng/mL). Exclusion criteria comprised pregnancy; diagnoses
of STEMI, non-STEMI, sepsis, acute or chronic renal failure,
pulmonary thromboembolism, or severe anemia; and
presentation due to trauma.

Demographic characteristics, presenting complaints,
duration and character of chest pain, and ECG findings
were extracted retrospectively from manually maintained
patient files and the hospital's electronic health record
system. Chest pain type and ECG abnormalities were
classified according to the HEART risk score.

The first cTnl level measured upon arrival in the emergency
department was defined as the baseline troponin.



A second blood sample for cTnl was drawn at the fourth
hour. Patients whose baseline and fourth-hour cTnl values
both remained below the assay cut-off yet differed from
each other were designated the “delta+positive” group.
Those whose cTnl levels remained unchanged and below
the assay cut-off at four hours were classified as the “delta-
negative” group.

All cTnl assays were performed on the Beckman Coulter
Access 2 analyzer (Beckman Coulter, Canada, USA) using
the manufacturer’s original Access AccuTnl kit. To assess
the association between changes in troponin values below
the assay cut-off and 30-day outcomes-mortality and non-
fatal MACE-patients were contacted by telephone and
their electronic medical records were reviewed. Collected
data were recorded on a standardized research form, and
30-day mortality and MACE information were obtained via
telephone follow-up or hospital database review.

There is no previously established delta threshold reported
in the literature for this context. Therefore, the 0.005 ng/mL
cutoff for delta cTnl was determined empirically through
receiver operating characteristic (ROC) curve analysis.
Using Youden's index, we identified the optimal threshold
that maximizes the sum of sensitivity and specificity for
predicting both 30-day mortality and MACE. This value
represents the point on the ROC curve where the trade-off
between sensitivity and specificity is most favorable.

Statistical Analysis

Descriptive statistics were used to summarize the data.
Continuous variables were presented as mean * standard
deviation (SD) when normally distributed, or median,
with interquartile range when non-normally distributed.
Categorical variables were expressed as counts and
percentages.

Comparisons of delta troponin status, age groups, chest
pain type, ECG findings, and sex were made with respect to
30-day mortality and non-fatal MACE using the chi-square
test for categorical data.

All statistical analyses were conducted using IBM SPSS
Statistics version 25 (SPSS Inc., Chicago, IL, USA). A two-
tailed p value of <0.05 was considered statistically
significant. ROC curve analysis was employed to evaluate
the association between delta troponin and 30-day
mortality or non-fatal MACE. ROC curves were generated
to assess the discriminatory performance of troponin
change for survival and non-fatal MACE. Optimal cut-
off values, along with their 95% confidence intervals (Cl)
and areas under the curve (AUC), were determined using
Youden's index and the Delong method in MedCalc
Statistical Software (trial version 15.8; MedCalc Software
bvba, Ostend, Belgium; http://www.medcalc.org).
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RESULTS

During the study period, troponin measurements were
performed in 4,650 patients. Of these, 1,259 were excluded
because at least one troponin value (baseline or 4-hour)
exceeded 0.05 ng/mL, and 410 met predefined exclusion
criteria. Consequently, 2,981 patients were included in the
analysis: 43.7% (n=1,304) in the delta+positive group and
56.3% (n=1,677) in the delta-negative group.

There were statistically significant differences in both sex
distribution and age groups between the delta+positive
and delta-negative cohorts (Table 1). The prevalence
of risk factors, symptom characteristics, ECG findings,
and comorbidities is also detailed in Table 1. Overall,
hypertension was the most common risk factor (50.6%).
When comparing risk factors by sex, only coronary artery
disease was significantly more frequent in men than in
women (p=0.036); there were no significant sex differences
for diabetes mellitus, hypertension, or hyperlipidemia (all
p>0.05).

Baseline cTnl levels were 0.009+0.012 ng/mL (mean *
SD; range 0.000-0.050), and 4-hour cTnl levels were
0.014%0.015 ng/mL (range: 0.000-0.060). The mean delta
troponin was 0.006x0.008 ng/mL (range: 0.000-0.050).
Compared to the delta-negative group, the delta+positive
group had significantly higher rates of non-fatal MACE
(p<0.001) and mortality (p=0.013) (Table 2). A total of 112
patients (8.6%) in the delta+positive group and 100 patients
(6%) in the delta-negative group required admission to the
coronary intensive care unit.

Among patients presenting with cardiac-type chest pain,
there was no statistically significant difference in 30-day
mortality between the two groups (p=0.173), whereas non-
fatal MACE rates differed significantly (p<0.001). A history
of hypertension, diabetes mellitus, hyperlipidemia, or
coronary artery disease was significantly associated with
non-fatal MACE within 30 days (p<0.001), but none of
these risk factors showed a significant relationship with
mortality (all p>0.05).

ECG abnormalities were significantly associated with
both non-fatal MACE (p<0.001) and mortality (p=0.003).
Multivariable logistic regression analysis identified
independent predictors of 30-day mortality and non-fatal
MACE; the results are presented in Table 2.

In ROC curve analysis, a delta troponin threshold 20.005
ng/mL yielded a sensitivity of 63.4% and specificity of 37.7%
for predicting non-fatal MACE (AUC: 0.635; 95% Cl, 0.607-
0.664). For predicting 30-day mortality, the same threshold
demonstrated a sensitivity of 61.2% and specificity of 41.1%
(AUC: 0.609; 95% ClI, 0.528-0.690). The ROC curves for
delta troponin versus non-fatal MACE and mortality are
shown in Figure 1.
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Table 1. Demographic and general clinical characteristics of the patients

Delta+group (%) Delta-group (%) p
Female 616 (47.2) 861 (51.3)
Sex 0.026
Male 688 (52.8) 816 (48.7)
<45y 186 (14.3) 365 (18.5)
Age groups 45-65y 481(36.9) 7N (42.4) <0.001
>65y 637 (48.8) 601 (35.8)
CPRS 528 (40.5) 677 (40.4)
Symptoms NCCP 706 (54.1) 945 (56.4) 0.016
CCP 70 (5.4) 50 (3.3)
Normal 927 (71.1) 1365 (81.4)
ECG NSC 352 (27) 292 (17.4) <0.00]
ST-segment |55 g) 20(1.2)
depression
Present 301(23.0) Present 337(20.1)
DM 0.051
Absent 1003 (76.9) Absent 1340 (79.9)
Present 718 (55.1) Present 790 (47.1)
HT <0.001
Absent 586 (44.9) Absent 887 (52.9)
Comorbidities
Present 465 (35.7) Present 489 (29.2)
HL <0.001
Absent 839 (64.3) Absent 1188 (70.8)
Present 325(25.9) Present 293 (17.5)
CAD <0.001
Absent 929 (75.1) Absent 1384 (82.5)

CPRS: Chest pain-related symptoms, NCCP: Non-cardiac chest pain, CCP: Cardiac chest pain, NSC: Non-specific ECG changes, ECG:
Electrocardiographic, DM: Diabetes mellitus, HT: Hypertension, HL: Hyperlipidemia, CAD: Coronary artery disease

Table 2. Factors affecting non-fatal major adverse cardiac events and mortality

Variable Non-fatafl MA(OZE p Mortality . p
odds ratio (95% ClI) odds ratio (95% ClI)

Cardiac chest pain 7.27 (4.43-11.95) <0.05

ECG-non-specific changes 4.36(3.38-5.63) <0.05 4.36 (3.38-5.63) <0.05
ST-segment depression 11.75 (2.96-46.64) <0.05 32.21(13.29-78.07) <0.05
Age >65 12.34(2.87-53.08) <0.05
Hyperlipidemia 416 (2.92-5.91) <0.05

Absence of hypertension 2.72(1.29-5.77) <0.05
Absence of CAD 1.53 (1.10-2.14) <0.05

Presence of delta troponin 1.61(0.89-2.91) 0.12 2.67 (2.09-3.43) <0.05

CAD: Coronary artery disease, MACE: Major adverse cardiac events, Cl: Confidence interval, ECG: Electrocardiographic

DISCUSSION

Studies on delta troponin have largely focused on hs-cTn
assays, while data regarding delta changes in conventional
troponin | (cTnl) levels remain limited in the literature.
In our study, we found that even minor changes in cTnl
values within the normal reference range were statistically
associated with 30-day MACE. Among patients presenting
to the emergency department with chest pain and
monitored for cardiac biomarkers, temporal variations in
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cTnl-despite remaining below the diagnostic threshold-
appeared to be associated with subsequent cardiac events.
These findings suggest that even modest delta increases
in cTnl may warrant closer clinical monitoring due to their
potential prognostic relevance.

cTn became popular for ACS diagnosis in the early
1990s and are now considered fundamental laboratory
parameters alongside clinical assessment and ECG.!° The
delta cTn value is defined as the difference between an
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Figure 1. (a) Delta troponin-MACE ROC curve (b) delta troponin-mortality ROC curve

MACE: Major adverse cardiac events, ROC: Receiver operating characteristic

initial cTn concentration and a subsequent measurement;
expressing this change as a percentage has been
recommended." High-sensitivity troponin | (hs-Tnl) and its
delta rate (delta hs-Tnl) have recently been adopted for
early ACS diagnosis with excellent performance. Studies
have shown that a negative hs-Tnl result safely facilitates
discharge of chest pain, patients, whereas elevated hs-Tnl
values-irrespective of ACS-signal poorer prognosis and
necessitate further evaluation.>” Weir et al.” reported that
delta hs-Tnl changes of less than 20% can classify patients
as low risk for ACS.

Because hs-Tnl assays are not universally available, many
emergency departments continue to rely on conventional
cTnl measurements, which require longer monitoring
intervals."? In our center, cTnl is expected to rise between
2 and 4 hours following myocardial injury. Accordingly, we
compared baseline (0-hour) and 4-hour cTnl values and
examined their relationship with 30-day mortality and
non-fatal MACE.

In a prospective observational study, Suh et al." evaluated
the O-to 1-hour delta hs-Tnl alongside the HEART score
to predict 30-day MACE. They designated patients as low
risk if they had a modified HEART score of 0-3, symptom
onset >3 hours before presentation, and hs-Tnl <6 ng/L,
and discharged them after a single hs-Tnl measurement.
Women with hs-Tnl <14 ng/L and men with hs-Tnl €22 ng/L
had a follow-up hs-Tnl obtained, and those with an hourly
delta hs-Tnl increase of <2.5 ng/L were deemed low risk
and discharged. Conversely, patients exhibiting hourly

increases >2.5 ng/L or elevated follow-up hs-Tnl (>22 ng/L
in men, >14 ng/L in women) were considered high risk.

Age-related increases in chest pain presentations and
ACS incidence have also been reported.™ Advanced age
serves as a risk factor partly because other cardiovascular
risk factors become more prevalent over time, increasing
overall disease burden. In our cohort, delta+positive and
delta-negative groups differed significantly by age and sex
(p=0.020 and p<0.00], respectively); older age correlated
with greater delta cTnl changes. Nevertheless, the rising
incidence of ACS among individuals under 45-likely due
to sedentary lifestyles and urbanization-should not be
overlooked. In our study, male sex was independently
associated with delta troponin elevation, irrespective of
age.

James et al.” found that patients with mildly elevated cTnT
levels (0.01-0.1 ug/L) faced a higher risk compared to those
with completely normal values. Cullen et al." examined
cTnl changes at 2 and 6 hours post-presentation, reporting
that delta changes exceeding the 99™ percentile were
highly indicative of ACS. Consistent with these findings, our
delta+positive group experienced significantly higher non-
fatal MACE rates (p<0.05).

Although hs-Tnl  measurement allows rapid risk
stratification-particularly useful in busy emergency
departments-our center's reliance on conventional cTnl
necessitated longer observation periods. Given increasing
patient volumes and operational challenges in Turkish
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emergency departments, broader adoption of hs-Tnl assays
could enhance efficient and accurate patient management.

Several scoring systems support safe discharge of low-
risk ACS patients by demonstrating <1% 30-day MACE
risk; these incorporate hypertension, hyperlipidemia,
diabetes mellitus, and coronary artery disease history
among their variables.®” The Thrombolysis in Myocardial
Infarction score, developed by Antman et al'® in 2000,
similarly employs these risk factors. We evaluated these
risk factors, chest pain characteristics, and ECG findings
across delta+positive and delta-negative groups. Our
observations regarding chest pain character and ECG
ischemic changes (ST-segment depression and other
ischemic signs) aligned with existing literature. However,
in contrast to previous studies, our findings revealed that
the absence of a history of coronary artery disease was
associated with a higher incidence of non-fatal MACE,
while the absence of hypertension was linked to increased
mortality. This discrepancy may be attributed to the
exclusion of STEMI and non-STEMI patients from our
study, as well as the likelihood that individuals with known
coronary artery disease or hypertension are under regular
cardiology follow-up and receive optimal medical therapy,
potentially mitigating the impact of these risk factors
on mortality. Future prospective studies are warranted
to further investigate the influence of hypertension on
mortality in these populations.

Fesmire et al! reported that a cTnl increase >0.2 ng/
mL predicted MACE with 87.7% sensitivity and 61.4%
specificity. That study included all emergency department
presentations and focused on changes above the cut-off.
Mueller etal?® examined patients with at least one troponin
value above the assay cut-off, finding 88% specificity and
60% sensitivity for delta troponin in predicting MACE.
Our study differs by investigating delta changes below the
assay cut-off and their association with 30-day MACE.

Although delta troponin changes in our study were found to
be clinically significant, the obtained AUC values indicate
a limited discriminatory power. Therefore, combining delta
troponin changes with established risk scoring systems
in the literature (e.g, the HEART score) may enhance
predictive accuracy. Prospective, multicenter studies are
needed to test this hypothesis.

Study Limitations

The retrospective nature of the study limited the
comprehensive evaluation of dynamic parameters and
clinical decision-making in patient management. Key
limitations include the inability to determine the precise
onsettime of symptoms, the lack of standardized follow-up
procedures, and the absence of data on certain established
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risk factors such as family history, central obesity, and
smoking status. Prospective follow-up studies are needed
to validate our findings. Furthermore, the single-center
design of the study restricts the generalizability of the
results.

CONCLUSION

In conclusion, although delta changes in cTnl within the
normal range did not predict 30-day mortality, they were
significantly associated with non-fatal MACE. Monitoring
delta cTnl in chest pain patients may thus aid in early
identification of those at higher risk for adverse cardiac
events.
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ABSTRACT

Objective: Necrotizing enterocolitis (NEC) is a life-threatening emergency in neonatal medicine,
especially among premature infants, with high morbidity and mortality. Despite the availability of
evidence-based resources such as the European Standards of Care for Newborn Health, variations in
clinical practice persist. Artificial intelligence (Al) systems based on large language models have recently
gained attention as tools to support clinical decision-making. This study aimed to evaluate the alignment
of two widely used Al applications-Chat Generative Pre-trained Transformer (ChatGPT) version 4.0 and
Gemini-with the European neonatal care standards in providing clinical recommendations for the
management of NEC.

Methods: Forty clinical questions were prepared based on the European guidelines, covering diagnosis,
treatment, nutrition, follow-up, and ethical issues. Both Al models were queried under identical
conditions. Their responses were independently evaluated by a pediatric surgeon and a neonatologist
using a five-point Likert scale. Inter-rater agreement and statistical comparisons were analyzed using
Spearman’s correlation, Cohen'’s kappa coefficient, and the Wilcoxon signed-rank test.

Results: ChatGPT received mean scores of 4.53 from both reviewers, while Gemini received scores of
4.33 and 4.40. Median scores for both models ranged from four to five. Spearman’s correlation indicated
moderate agreement between reviewers, while Cohen’s kappa showed weak agreement. No statistically
significant differences were found between reviewers for either model.

Conclusion: Both Al models showed high compliance with European neonatal care standards in
NEC management. These findings support their potential role as supportive tools in neonatal clinical
decision-making.

Keywords: Necrotizing enterocolitis, large language models, artificial intelligence, clinical guidelines,
ESCNH, neonatal care, ChatGPT, Gemini

oz

Amag: Nekrotizan enterokolit (NEC), &zellikle prematiire yenidoganlarda yuksek morbidite ve
mortaliteye yol acan ciddi bir klinik tablodur. European Standards of Care for Newborn Health adl
kanita dayali renbere ragmen klinik uygulamalarda anlamli dizeyde farkliliklar devam etmektedir. Son
yillarda, blyuk dil modeli temelli yapay zeka (Al) uygulamalari klinik karar destek sistemleri olarak dikkat
cekmektedir. Bu gcalismada, Chat Generative Pre-trained Transformer (ChatGPT)-4.0 ve Gemini isimli

iki Al uygulamasinin, NEC yonetimine yonelik olarak European Standards of Care for Newborn Health
rehberi temelinde olusturulan klinik 6nerilerle uyum dizeylerinin degerlendirilmesi amaglanmistir.

Yontem: S6z konusu rehbere dayanarak tani, tedavi, beslenme, izlem ve etik konularini iceren 40 acik
uglu soru hazirlanarak her iki Al uygulamasina ayni kosullarda yoneltilmistir. Yanitlar, bir cocuk cerrahi
ve bir yenidogan uzmani tarafindan bes puanlik Likert 6lcegiyle bagimsiz sekilde degerlendirilmistir.
Degerlendiriciler arasi uyum ve iki modelin karsilastirmasi Spearman korelasyonu, Cohen kappa katsayisi
ve Wilcoxon isaretli sira testi ile analiz edilmistir.
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Bulgular: ChatGPT-4.0 her iki uzman tarafindan 4,53 puan ortalamasiyla degerlendirilirken, Gemini icin puanlar sirasiyla 4,33 ve 4,40 olarak
bulunmustur. Medyan puanlar her iki model icin dort ile bes arasinda degismistir. Degerlendiriciler arasinda istatistiksel fark saptanmamistir.

Sonug: Al uygulamalari, NEC yénetiminde rehber uyumunu yiksek diizeyde saglamis olup klinik karar streglerinde destekleyici araglar olarak

potansiyel tasimaktadir.

Anahtar Kelimeler: Nekrotizan enterokolit, blytk dil modelleri, yapay zeka, klinik kilavuzlar, ESCNH, yenidogan bakimi, ChatGPT, Gemini

INTRODUCTION

Necrotizing enterocolitis (NEC) is a serious gastrointestinal
emergency that primarily affects premature and low birth
weight infants. The disease is characterized by intestinal
inflammation, bacterial invasion, and, in advanced cases,
necrosis and perforation of the intestinal wall. Despite
advances in neonatal intensive care, NEC remains
associated with elevated morbidity and mortality rates. In
cases of NEC requiring surgical intervention, the mortality
rate has been documented to exceed 30% in several
series! It has been shown that surviving infants are at a
heightened risk of experiencing long-term complications,
including but not limited to short bowel syndrome, growth
retardation, and neurodevelopmental disorders?® The
unpredictable clinical course and multifactorial etiology
of NEC make timely diagnosis and effective management
challenging; therefore, a standards-based, evidence-based
care approach is necessary.

The clinical management of NEC poses significant
challenges due to the highly variable course of the disease,
the potential for rapid progression, and the absence of
definitive diagnostic markers. The decisions regarding
medical or surgical treatment, the timing of treatment
steps, and nutritional strategies can vary significantly
between institutions and clinicians. Despite the existence
of international guidelines, such as the European
Standards for Neonatal Health (ESCNH), which provide
structured frameworks for the management of NEC, there
is a paucity of research on the real-time implementation of
these guidelines at the bedside.* This is due to limitations
imposed by clinical complexities, differences in experience,
and access issues. These discrepancies in implementation
underscore the necessity for support systems that can
seamlessly integrate clinical guideline recommendations
into decision-making processes.

In recent years, there has been a marked increase in
the integration of artificial intelligence (Al) into clinical
applications, with its use extending to many areas,
including diagnostic imaging, risk stratification, treatment
planning, and clinical decision support systems.? In the field
of neonatal care, Al has been employed to facilitate early
prediction of diseases such as sepsis, respiratory distress
syndrome, and intraventricular haemorrhage in studies
numbered.>®Recent developments have demonstrated the
integration of Al applications into the domain of nutrition

planning, as evidenced by the implementation of a system
known as TPN 2.0, which has been shown to enhance
adherence to parenteral nutrition guidelines and reduce
the incidence of complications in premature infants.”'°
Concurrently, machine learning models that amalgamate
imaging and clinical data for the diagnosis of NEC have
been developed and demonstrated an enhancement in
diagnostic accuracy."® These developments demonstrate
the expanding role of Al in neonatal intensive care and
its potential contribution to the delivery of timely and
standardised care to vulnerable patient groups.

Despite the encouraging outcomes observed in diverse
domains of neonatal care, ranging from early diagnosis
to nutrition planning, there is a lack of studies that
systematically assess the clinical guideline alignment
of LLMs in the context of NEC. Existing literature has
focused more on predictive algorithms or imaging-based
diagnostic systems, neglecting the assessment of textual
clinical reasoning capabilities.""® To address this need, this
study aims to evaluate the degree to which large language
model (LLM)-based Al applications align with established
clinical guidelines in NEC scenarios. Demonstrating that
such systems can produce consistent, guideline-compliant
responses is critical not only for validating their safety and
reliability but also for facilitating their integration into
real-world neonatal care. Al systems capable of aligning
with structured standards such as the ESCNH could assist
clinicians by reinforcing best practices, reducing variability
in care, and supporting decision-making processes in time-
sensitive and resource-limited settings.

METHODS
Study Design

Both Al applications were accessed in their publicly
available web-based versions: Chat Generative Pre-trained
Transformer (ChatGPT)-4 (OpenAl, May 2025) and Gemini
Pro 1.5 (Google Bard, accessed May 2025). No prompt
engineering, temperature adjustment, or context priming
was used. Each of the 40 clinical questions was presented
as a plain-text prompt during a single uninterrupted
session per model. The ESCNH guideline document was
not uploaded or attached to the prompt; the Al models
were expected to generate responses based on their
internal training data and knowledge up to the date of
access. To ensure standardization, each question was
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asked only once per model, without regeneration or
multiple attempts. All responses were recorded in their
original form, reflecting a single-use, real-time interaction
to simulate a realistic clinical consultation scenario. No
post-processing or modification of Al responses was
performed. To minimize evaluator bias, the responses from
ChatGPT and Gemini were anonymized and randomly
ordered before being presented to the reviewers. Both
evaluators were blinded to the source of the Al responses
during the scoring process. To enhance transparency and
clinical relevance, one example case-including the prompt
and responses generated by both Al systems-has been
provided in the supplementary material (Appendix A).

A total of 40 open-ended clinical questions were created
based on the official recommendations of the European
Standards of Care for ESCNH, covering core areas such as
diagnosis, treatment, follow-up, communication, nutrition,
and ethical considerations in NEC care. These questions
were presented separately to both Al applications under
identical conditions, and each response was recorded in its
original form without modification.

The responses generated by each Al application were then
independently assessed by two specialists: a paediatric
surgeon and a neonatologist, both with more than 10
years of clinical experience in neonatal care. The reviewers
scored each Al response using a structured 5-point
Likert scale to determine its level of agreement with the
ESCNH guideline recommendations. The 5-point Likert
scale used by the reviewers was structured as follows: 1
= not compliant with the guideline, 2 = low compliance,
3 = moderate compliance, 4 = high compliance, and 5 =
fully compliant with the guideline. This methodological
design was chosen to simulate real-world use scenarios
and to assess the comparative performance of Al models
in providing evidence-based clinical guidance.

Statistical Analysis

All statistical analyses were conducted using IBM SPSS
Statistics version 29.0 (IBM Corp., Armonk, NY). Descriptive
statistics were presented as medians with interquartile
ranges (IQR), in accordance with the non-parametric
nature of the data. Inter-rater agreement was assessed
using Spearman'’s rank correlation coefficient (p) for ordinal
data and Cohen’s kappa (k) for categorical agreement.
The Wilcoxon signed-rank test was used to compare the
Likert scores assigned by the pediatric surgeon and the
neonatologist for each Al system, as the data were not
normally distributed. A p value <0.05 was considered
statistically significant.
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Ethical Consideration

Since this study did not involve human or animal subjects
and was limited to Al-based textual response evaluation,
it was exempt from ethics committee approval. As the
evaluated responses were Al-generated and did not
involve patient data or human participation, the study
posed no ethical risk.

RESULTS

The mean Likert score for ChatGPT responses was
4.53+0.72 based on pediatric surgeon evaluations and
4.5320.64 based on neonatologist ratings. Similarly, Gemini
responses received an average score of 4.33%0.69 from the
pediatric surgeon and 4.40+0.55 from the neonatologist.
Median values for both Al systems were 5, with an IQR of
4-5 for both reviewers across all models.

A moderate and statistically significant correlation was
observed between the two reviewers' Likert scores for
both Al systems (Figure 1 for Gemini, Figure 2 for ChatGPT).
For ChatGPT, Spearman’s rho was 0.41 (p=0.008), while
for Gemini, the correlation coefficient was 0.35 (p=0.027).
These findings suggest reasonable consistency in expert
assessments, despite minor variations.

Cohen's kappa statistic revealed weak categorical
agreement between the reviewers, with k=0.10 for
ChatGPT and k=0.21 for Gemini. This low kappa is likely due
to the ordinal nature of the Likert scale rather than true
disagreement.

Although the vast majority of responses received scores of
4 or 5, a few instances of moderate compliance (score=3)
were observed. These cases often involved complex,
context-sensitive issues such as ethics or multidisciplinary
coordination, where even human experts may interpret
guideline recommendations differently. Such variability
underscores the importance of expert oversight when
integrating Al tools into clinical workflows.

Wilcoxon signed-rank tests demonstrated no statistically
significant differences in Likert scores between the
pediatric surgeon and neonatologist for either Al system
(Table1). None of the Al responses received a score of 1 (not
compliant) or 2 (low compliance) from either expert. Only
3 of the total 80 ratings (3.75%) were scored as 3 (moderate
compliance), reflecting some ambiguity in guideline
interpretation in specific ethical or interdisciplinary
domains. The p value was 1.000 for ChatGPT and 0.513
for Gemini; however, this does not necessarily indicate
strong consistency in reviewer scoring within each Al
system. Although ChatGPT consistently received slightly
higher scores than Gemini, the differences were not
statistically significant for either reviewer (p=0.133 for
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pediatric surgeon; p=0.219 for neonatologist), indicating
comparable levels of guideline adherence between the
two Al systems (Table 2).

DISCUSSION

In this prospective comparative study, two widely
used LLMs, ChatGPT and Cemini, were evaluated for
their adherence to the ESCNH in the context of NEC.

4 a a A A &8 B A2 a aa

Likert Score
w

Gemini - Pediatric Surgeon
A Gemini - Neonatologist

Both systems demonstrated a high level of guideline
compliance, with ChatGPT achieving slightly higher mean
Likert scores than the two expert raters. Notably, 96.25%
of the expert scores fell within the 4-5 range on the Likert
scale, reflecting a consistently high or full compliance with
ESCNH recommendations across both Al platforms. These
findings highlight the potential of LLMs as decision support
tools in neonatal care, particularly in the management of

1 3 5 7 9 1I1 1'3 15 17

21 23 25 27 29 31 33 35 37 39

Question Number

Figure 1. Reviewer scores for Gemini across 40 clinical questions. Scatterplot shows Likert scores assigned by the
pediatric surgeon and neonatologist for each Gemini-generated response. Scores range from 1 (not compliant) to 5

(fully compliant) based on ESCNH guideline adherence
ESCNH: European Standards for Neonatal Health

Likert Score
w

ChatGPT - Pediatric Surgeon
A ChatGPT - Neonatologist

1 3 5 7 9 11 13 15 17

19 21 23 25 27 29 31 33 35 37 39

Question Number

Figure 2. Reviewer scores for ChatGPT across 40 clinical questions. Scatterplotillustrates the distribution of Likert scores
assigned by the pediatric surgeon and neonatologist for ChatGPT-generated responses. Responses were evaluated for

alignment with ESCNH recommendations

ChatGPT: Chat Generative Pre-trained Transformer, ESCNH: European Standards for Neonatal Health
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Table 1. Reviewer scores and inter-rater agreement metrics for ChatGPT and Gemini

Al system Reviewer :rg‘:;; n Spearman p (p) Cohen’s k Wilcoxon p
ChatGPT Pediatric surgeon 5 (4-5) 0.41
o 0.10 1.000
ChatGPT Neonatologist 5 (4-5) (p=0.008)
Gemini Pediatric surgeon 4 (4-5)
g 0'315 0.21 0.513
Gemini Neonatologist 4 (4-5) (p=0.027)

(Scoring based on a 5-point Likert scale: 1 = not compliant, 2 = low compliance, 3 = moderate, 4 = high, 5 = fully compliant with ESCNH guidelines)
ChatGPT: Chat Generative Pre-trained Transformer, IQR: Interquartile range

Table 2. Comparison of mean scores for ChatGPT and Gemini by Reviewer

Reviewer value ChatGPT median (IQR) Gemini median (IQR) | Mann-Whitney U p value
Pediatric surgeon 5 (4-5) 4 (4-5) 940.00 0.133
Neonatologist 5 (4-5) 4 (4-5) 913.50 0.219

(Higher scores reflect stronger alignment with ESCNH guidelines)

ChatGPT: Chat Generative Pre-trained Transformer, IQR: Interquartile range, ESCNH: European Standards for Neonatal Health

complex and time-sensitive situations where adherence to
standard protocols, such as NEC, is critical.

Furthermore, the moderate inter-rater agreement observed
using Spearman’s correlation suggests a reassuring level
of consistency in expert judgement. Although Cohen’s
kappa values were relatively low, this is likely to be
due to methodological limitations associated with the
application of categorical agreement statistics to ordinal
data, rather than a genuine lack of consensus. Overall,
the findings position LLMs as promising adjunct tools in
neonatal clinical reasoning when linked to structured
clinical frameworks such as ESCNH guidelines.

While numerous studies have explored applications of Al
in general medicine and adult subspecialties, relatively few
studies have systematically evaluated LLMs in neonatal
care using structured, guideline-based assessments. For
example, Singer et al.? and Phongpreecha et al.'° reported
encouraging results with Al systems in neonatal nutrition
planning and precision parenteral nutrition strategies, but
these studies focused on algorithm-driven interventions
rather than textual clinical reasoning. Similarly, Sullivan et
al” highlighted the role of Al in predicting neonatal sepsis
and respiratory failure through data modeling, but these
approaches did not include direct guideline adherence.

In contrast, our study offers several novel directions: it
addresses a critical NEC, it uses a rigorously developed
question set fully derived from the ESCNH guidelines, and
it uses a dual expert assessment model involving both a
paediatric surgeon and a neonatologist. To our knowledge,
this is the first study to evaluate guideline concordance
of LLM-generated clinical responses specifically in the
context of NEC.

Previous research on Al-assisted NEC diagnosis has
primarily focused on image-based tools, such as deep
learning models for interpreting abdominal radiographs or
integrating clinical data with imaging for early diagnosis."”
Whiletheseapproachesarevaluable,theydonotcapturethe
narrative reasoning and context-sensitive decision making
that is central to LLM performance. Therefore, our findings
help to fill a critical gap by assessing how well LLMs reflect
structured neonatal guideline recommendations through
textual outputs. In addition, Sarikaya et al.'* evaluated the
guideline compatibility of multiple Al platforms in the
management of vesicoureteral reflux and found that LLMs
showed high levels of agreement with pediatric urology
guidelines, strengthening their applicability in structured
pediatric decision-making frameworks.

The structured nature of this study enhances both the
content validity and the direct applicability of its findings
to neonatal clinical decision-making. By formulating all
questions strictly based on ESCNH recommendations, the
study reflects practical scenarios that clinicians frequently
encounter in neonatal intensive care settings. In addition,
presenting the same set of questions to both Al models
under identical conditions eliminates variability, and the
blinded assessment of anonymized responses by two
independent experts helps minimize contextual and
cognitive biases. This methodology increases the internal
validity of the results and supports the comparability of
Al performance across platforms-an essential factor when
considering their future integration into standardized care
protocols or decision-support systems in NICUs. Second,
theinclusion of two independentraters (a pediatric surgeon
and a neonatologist) from different but complementary
specialties provides a multidisciplinary perspective and
increases the generalizability of the results across neonatal
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care settings. Third, the prospective and standardized
assessment design, including same-day referral and the
same set of questions for both LLMs, minimizes potential
contextual bias and ensures comparability.

However, certain limitations should also be recognized.
Although widely used in health informatics research, the
5-point Likert scale used to assess guideline adherence
is inherently subject to subjective interpretation, which
may affect inter-rater reliability measures such as Cohen's
kappa. Although Spearman’s correlation indicates a
moderate level of agreement between raters, low kappa
values may reflect the ordinal nature of the scale rather
than significant disagreement. In addition, only two LLM-
based systems were evaluated, limiting generalizability to
other existing or new models.

The results of this study support the potential integration
of LLM-based systems into neonatal clinical settings,
particularly in roles involving decision support, guidelines
training and clinical education. Given the high level of
alignment with ESCNH recommendations demonstrated
by both ChatGPT and Gemini, such tools may be particularly
useful in settings where access to neonatal subspecialists
is limited or where rapid dissemination of standardized
information is required. LLMs can be incorporated into
electronic health records as real-time, just-in-time decision
support tools that reinforce evidence-based practice and
reduce variability in care.

However, caution should be exercised when interpreting
these findings for real-world application. Although the
LLMs evaluated provided largely guideline-compliant
responses, occasional inconsistencies or omissions were
noted, highlighting the ongoing need for expert review
and validation. Future research should aim to develop
domain-specific LLMs trained on neonatal data, validate
them in different clinical settings, and explore their
impact on diagnostic accuracy, clinician efficiency, and
parental satisfaction. In addition, ethical considerations,
including transparency, privacy, and liability issues in Al-
assisted clinical decision-making, should be systematically
addressed before widespread implementation.

This study provides the first evidence that LLMs can comply
with neonatal clinical guidelines in complex scenarios such
as necrotising enterocolitis, providing a promising basis for
future Al-assisted care in neonatology.

The integration of LLM-based systems into NICU workflows
may offer several practical advantages, such as providing
real-time clinical decision support, reinforcing adherence
tostandardized guidelines, and serving as educational tools
for junior clinicians or training simulations. Particularly in
resource-limited or high-pressure settings, Al systems
may act as supplementary aids to improve consistency in

care. However, their implementation must be approached
cautiously. Medicolegal concerns-such as liability in case
of Al-related error, the interpretability of outputs, and
the transparency of data sources-must be addressed
through clear institutional policies. Furthermore, ethical
considerations, including patient safety, data privacy, and
clinician responsibility, remain critical to responsible
deployment. Continuous human oversight should be
maintained to validate Al outputs and ensure alignment
with patient-specific contexts.

The low Cohen'’s kappa values observed in our study may
suggest weak inter-rater agreement. However, this likely
stems from the statistical limitations of using kappa with
ordinaldata, especially when mostratings are concentrated
at the high end of the scale (i.e, scores of 4 and 5). In
such skewed distributions, even minor differences can
disproportionately affect the kappa coefficient. To provide
a more appropriate measure, we also reported Spearman’s
rank correlation, which demonstrated moderate and
statistically significant agreement between reviewers.
Although other methods such as Gwet's ACI1 or intraclass
correlation coefficient could be employed, the 5-point
Likert scale remain widely used in clinical guideline
adherence studies and was selected for its clarity, ease of
interpretation, and suitability for the scoring task assigned
to expert raters.

Study Limitations

This study's findings should be interpreted with caution
due to several limitations. Primarily, the evaluation was
confined to two LLM-based Al systems, ChatGPT-4 and
Gemini, which may restrict the generalizability of the
results to other existing or forthcoming models. Secondly,
each clinical prompt was presented to the Al systems
only once, without employing multiple iterations or
prompt refinement strategies. This approach may have
influenced the observed response variability. Lastly, the
ESCNH guideline was not directly integrated or linked
to the Al systems. Consequently, the assessment reflects
the models’ inherent knowledge bases as of May 2025,
which are subject to continuous evolution. Future research
endeavors should aim to incorporate a broader spectrum
of LLMs, simulate real-time clinical scenarios, and include
a more comprehensive evaluation of patient outcomes to
further validate these findings.

CONCLUSION

This study provides preliminary evidence that LLMs, such
as ChatGPT-4 and Gemini, can generate clinical responses
that align closely with the ESCNH in the context of
NEC. The findings demonstrate high levels of guideline
compliance, particularly in structured clinical scenarios,
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and suggest that LLMs hold potential as supplementary
decision-support tools in neonatal intensive care units.

While limitations exist-including the use of a single
response per prompt, the inherent variability of Al outputs,
and the reliance on Likert-based expert scoring-these
do not compromise the study’s overall validity. Instead,
they highlight the importance of continued validation,
transparent implementation, and responsible oversight.

As Al models continue to evolve, future studies should
explore their integration into clinical workflows, training
environments, and decision-making frameworks, ensuring
that such technologies enhance, rather than replace,
expert judgment in neonatal care.
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This study was exempt from ethics committee approval
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Footnotes

Authorship Contributions

Concept: S.S.U., Design: M.S., Data Collection or Processing:
M.S., Analysis or Interpretation: S.S.U., Literature Search:
M.S., Writing: S.S.U.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

REFERENCES

1. Fitzgibbons SC, Ching Y, Yu D, et al. Mortality of necrotizing
enterocolitis expressed by birth weight categories. J Pediatr
Surg. 2009;44:1072-5.

178

Patel RM, Kandefer S, Walsh MC, et al. Causes and timing of
death in extremely premature infants from 2000 through 2011.
N Engl J Med. 2015;372:331-40.

Neu J, Walker WA. Necrotizing enterocolitis. N Engl J Med.
2011;364:255-64.

LindacherV, Altebaeumer P, Marlow N, et al. European Standards
of Care for Newborn Health-a project protocol. Acta Paediatr.
2021;110:1433-8.

Topol EJ. High-performance medicine: the convergence of
human and artificial intelligence. Nat Med. 2019;25:44-56.

Sullivan BA, Kausch SL, Fairchild KD. Artificial and human
intelligence for early identification of neonatal sepsis. Pediatric
Res. 2023;93:350-6.

Sullivan BA, Beam K, Vesoulis ZA, et al. Transforming neonatal
care with artificial intelligence: challenges, ethical consideration,
and opportunities. J Perinatol. 2024;44:1-11.

De Rose DU, Ronchetti MP, Martini L, et al. Diagnosis and
management of neonatal bacterial sepsis: current challenges
and future perspectives. Trop Med Infect Dis. 2024;9:199.

Singer P, Robinson E, Raphaeli O. The future of artificial
intelligence in clinical nutrition. Current opinion in clinical
nutrition and metabolic care. Curr Opin Clin Nutr Metab Care.
2024;27(2):200-6.

. Phongpreecha T, Chanem M, Reiss JD, et al. Al-guided precision

parenteral nutrition for neonatal intensive care units. Nat Med.
2025;31:1882-94.

. Sitek A, Seliga-Siwecka J, Ptotka S, et al. Artificial intelligence in

the diagnosis of necrotising enterocolitis in newborns. Pediatric
Res. 2023;93:376-81.

Duci M, Verlato G, Moschino L, Uccheddu F, Fascetti-Leon F.
Advances in artificial intelligence and machine learning for
precision medicine in necrotizing enterocolitis and neonatal
sepsis: a state-of-the-art review. Children (Basel). 2025;12:498.

. Weller JH, Scheese D, Tragesser C, Yi PH, Alaish SM, Hackam

DJ. Artificial intelligence vs. doctors: diagnosing necrotizing
enterocolitis on abdominal radiographs. J Pediatr Surg.
2024;59:161592.

. Sarikaya M, Ozcan Siki F, Ciftci I. Use of artificial intelligence in

vesicoureteral reflux disease: a comparative study of guideline
compliance. J Clin Med. 2025;14:2378



SUNDUS UYGUN and SARIKAYA. Al-Based Guidance and European Standards

Appendix A.
Sample Case Scenario and Al Responses

Prompt

"A 28-week premature infant with abdominal distension, bile-stained gastric residuals, and signs of systemic instability
is suspected of having necrotizing enterocolitis (NEC). According to European Standards for Neonatal Health (ESCNH)
guidelines, how should this patient be managed in terms of diagnostics, nutrition, and surgical consultation?”

ChatGPT-4b Response

Based on the ESCNH guidelines, the management of a 28-week premature infant suspected of having NEC should include:

Diagnostics
Immediate cessation of enteral feeds.
Serial abdominal examinations and measurements.
Abdominal X-ray to identify pneumatosis intestinalis, portal venous gas, or pneumoperitoneum.

Laboratory testing including complete blood count, C-reactive protein, blood culture, and serum electrolytes.

Nutrition
Initiation of total parenteral nutrition (TPN).

Monitoring of fluid balance and metabolic parameters.

Surgical Consultation
Early involvement of the pediatric surgery team.

Indications for surgical evaluation include abdominal wall discoloration, fixed bowel loop on imaging, and clinical
deterioration despite conservative measures.

Close multidisciplinary collaboration is essential, and transfer to a tertiary neonatal surgical center should be considered
if surgical capacity is limited locally.

Gemini Response

For a 28-week gestational age infant showing signs suggestive of NEC, ESCNH guidelines recommend the following

approach:

Diagnostic Approach

Discontinue oral or tube feeding.
Perform serial abdominal radiographs to detect early signs such as pneumatosis intestinalis.

Laboratory evaluation with blood counts, inflammatory markers, and metabolic panels.

Nutritional Support
Initiate TPN and maintain adequate hydration and electrolyte balance.

Withhold enteral feeds until clinical and radiologic improvement is observed.

Surgical Considerations

Consult pediatric surgery early.

Signs like abdominal rigidity, erythema, metabolic acidosis, and free air are key indicators for potential surgical
intervention.

A team-based approach involving neonatologists, radiologists, and pediatric surgeons is emphasized to ensure timely
decision-making.
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Comparison of Prognostic Risk Models (IMDC, MSKCC, CFF) in
Patients Diagnosed with Metastatic Renal Cell Cancer

Metastatik Renal Hiicreli Kanser Tanili Hastalarda Prognostik Risk
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® Merve KESKINKILIC, ® Kiibra CANASLAN, @ Hiiseyin Salih SEMiZ, ® Tugba YAVUZSEN

Dokuz Eylul University Faculty of Medicine, Department of Internal Medicine, Division of Medical Oncology, izmir, Tuirkiye

Cite as: Keskinkilig¢ M, Canaslan K, Semiz HS, Yavuzsen T. Comparison of prognostic risk models (IMDC, MSKCC, CFF) in patients

diagnosed with metastatic renal cell cancer. Forbes Med J.2025;6(2):180-7

ABSTRACT

Objective: The aim of this study is to reveal the relationship and correlation between the International
metastatic renal cell carcinoma (mRCC) Database Consortium (IMDC) and Memorial Sloan Kettering
Cancer Center (MSKCC) risk models used to determine first-line treatment in metastatic mRCC and,
less commonly, the Cleveland Clinic Foundation (CCF) prognostic risk model.

Methods: The IMDC, MSKCC and CCF scores of mRCC patients who received immunotherapy (10) and
molecular targeted therapy were calculated retrospectively at the time of diagnosis.According to the
score results, the patients were grouped as favorable,intermediate and poor risk.According to these risk
groups,the median progression-free survival (mPFS) and median overall survival (mOS) of the patients
were calculated and the correlation with each other was considered significant using appropriate
statistical analyses, and p<0.05 was considered significant.

Results: The median follow-up time of 189 patients in the study was 45.5 months, mPFS 23.6 months
[95% confidence interval (Cl): 18.6-28.5 months] and mOS 34.6 months (95% Cl: 23.3-45.9 months).The
distribution of patients according to risk groups was similar in all three prognostic risk models. In the
poor-risk group, both mPFS and mOS were statistically significantly shorter according to all three risk
models (MPFS, IMDC: 14.2 months, MSKCC: 15.6 months, CCF: 17.1 months; mOS, IMDC: 17.6 months,
MSKCC: 17.7 months, CCF: 22.4 months, p<0.001). A statistically significant positive correlation was
observed between CCF, MSKCC and IMDC (r=0.656 vs. r=0.690, p<0.001). A stronger and statistically
significant positive correlation was observed between MSKCC and IMDC (r=793, p<0.001).

Conclusion: Our study is the first study in the literature that we know of comparing the IMDC, MSKCC
and CCF risk models in mRCC receiving 10 and targeted therapy and as a result of our study, it was
shown that all three risk models were correlated with each other.

Keywords: Cleveland Clinic Foundation (CCF), International mRCC Database Consortium (IMDC),
Memorial Sloan Kettering Cancer Center risk (MSKCC), prognostic model, metastatic renal cell
carcinoma (RCC)

oz

Amag: Bu calismanin amaci, metastatik renal hucreli karsinomda (mRHK) birinci basamak tedaviyi
belirlemek icin kullanilan Uluslararasi mRCC Veritabani Konsorsiyumu (IMDC) ve Memorial Sloan
Kettering Kanser Merkezi (MSKCC) risk modelleri ile daha az yaygin olarak Cleveland Clinic Foundation
(CCF) prognostik risk modeli arasindaki iliskiyi ve korelasyonu ortaya koymaktir.

Yéntem: immUnoterapi ve molekiler hedefli tedavi goren mRCC hastalarinin IMDC, MSKCC ve CCF
skorlari tani aninda retrospektif olarak hesaplandi. Skor sonuclarina gére hastalar disuk, orta ve kotu
riskli olarak gruplandirildi. Bu risk gruplarina gére hastalarin medyan progresyonsuz sagkalim (mPSK)

ve medyan genel sagkalim (mGSK) degerleri hesaplandi ve uygun istatistiksel analizler kullanilarak
birbirleriyle korelasyon anlamli kabul edildi ve p<0,05 anlamli kabul edildi.
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KESKINKILIC et al. Risk Models in Renal Cell Carcinoma

Bulgular: Calismaya katilan 189 hastanin medyan takip stresi 45,5 ay, mPSK 23,6 ay [95% gliven araligi (Cl): 18,6-28,5 ayl ve mGSK 34,6 ay (95% Cl:
23,3-45,9 ay) idi. Hastalarin risk gruplarina gére dagilimi her Ug prognostik risk modeline gore benzerdi. DusUk risk grubunda hem mPSK hem de
mGSK her ¢ risk modeline gore istatistiksel olarak anlamli sekilde daha kisaydi (mPSK, IMDC: 14,2 ay, MSKCC: 15,6 ay, CCF: 17,1 ay; mGSK, IMDC:
17,6 ay, MSKCC: 17,7 ay, CCF: 22,4 ay, p<0,001). CCF, MSKCC ve IMDC arasinda istatistiksel olarak anlamli pozitif bir korelasyon gbzlendi (r=0,656 vs.
r=0,690, p<0,001). MSKCC ve IMDC arasinda daha gliclu ve istatistiksel olarak anlamli pozitif bir korelasyon gézlemlendi (r=793, p<0,001).

Sonug: Calismamiz, immunoterapi ve hedefli tedavi alan mRHK'de IMDC, MSKCC ve CCF risk modellerini karsilastiran literaturdeki bildigimiz ilk
calismadir ve calismamizin sonucunda, Ug risk modelinin de birbirleriyle iliskili oldugu gosterilmistir.

Anahtar Kelimeler: Cleveland Clinic Foundation (CCF), International mRCC Database Consortium (IMDC), Memorial Sloan Kettering Cancer

Center (MSKCC), prognostik model, metastatik renal hicreli kanser (RHK)

INTRODUCTION

Metastatic renal cell carcinoma (mRCC) presents significant
challengesinclinicalmanagementduetoits heterogeneous
nature and variable patient outcomes. Accurate prognostic
models are essential for guiding treatment decisions and
optimizing patient care. Among the most widely recognized
models are the Memorial Sloan Kettering Cancer Center
(MSKCC) criteria and the International mRCC Database
Consortium (IMDC) criteria. These models stratify patients
based on clinical and laboratory parameters, facilitating
personalized therapeutic approaches.

The MSKCC model, established in the cytokine therapy
era, identifies five adverse prognostic factors: low
Karnofsky performance status (PS) (<80%), elevated lactate
dehydrogenase (>1.5 times the upper limit of normal),
anemia, hypercalcemia, and a diagnosis-to-treatment
interval of less than one year. Patients are categorized into
favorable (O factors), intermediate (1-2 factors), and poor
(23 factors) risk groups, with corresponding median overall
survival (mOS) times of 20, 10, and 4 months, respectively!

Recognizing the advancements in targeted therapies,
the IMDC model was developed to provide prognostic
insights in the context of modern treatments. This
model incorporates six factors: anemia, hypercalcemia,
neutrophilia, thrombocytosis, poor PS, and a diagnosis-
to-treatment interval of less than one year. Similar to the
MSKCC criteria, the IMDC stratifies patients into favorable (0
factors), intermediate (1-2 factors), and poor (23 factors) risk
categories. Studies have demonstrated that the IMDC model
effectively predicts outcomes in patients receiving targeted
therapies, with mOS times of 35.3, 16.6, and 5.4 months for
favorable, intermediate, and poor risk groups, respectively.?

In addition to the most commonly used MSKCC and IMDC
criteria, the Cleveland Clinic Foundation (CCF) criteria
are also used as a prognostic risk model, and this model
uses elevated lactate dehydrogenase (>1.5 times the upper
limit of normal), anemia, hypercalcemia, a diagnosis-to-
treatment interval of less than one year, prior radiotherapy,
and presence of hepatic, lung, or retroperitoneal lymph
node metastases as risk factors® The CCF prognostic
risk model stratifies patients into favorable (0-1 factors),

intermediate (2 factors), and poor (>3 factors) risk
categories* Using these criteria, 353 patients were
retrospectively evaluated. Thirty-seven percent were at
favorable risk, 35% at intermediate risk, and 28% at poor
risk. mOS for these groups was 26.0, 14.4, and 7.3 months,
respectively This study has also shown that the CCF
prognostic risk model criteria contribute to prognostic
modeling in mRCC3

In studies comparing the correlation between the widely
used MSKCC and IMDC prognostic risk model criteria
in the literature, it was shown that these two prognostic
models were statistically significantly correlated. In
one study, 19% of the MSKCC intermediate group were
reclassified as belonging to the IMDC poor risk group.>” In
the external validation study of the IMDC prognostic risk
model, the CCF model, the International Kidney Cancer
Working Group (IKCWG) model, the french model, and
the MSKCC prognostic risk model were compared, and
the MSKCC and IMDC prognostic risk models showed the
highest concordance? Although there are studies in the
literature comparing the IMDC and MSKCC prognostic
risk models one-on-one, and the CCF prognostic risk
model indirectly for validation purposes, there is no study
comparing the CCF prognostic risk model, which includes
the metastasis site and the treatment received, with the
IMDC and MSKCC prognostic risk models. In this study, we
aimed to evaluate the prognostic value and correlation of
IMDC, MSKCC, and CCF prognostic risk models in terms of
selecting appropriate treatment strategies and counseling
patients about prognosis in patients with mRCC receiving
treatment with an anti-vascular endothelial growth factor
(VEGF) inhibitor and immunotherapy (10) treatment.

METHODS

Study Design and Population

In this retrospective study, patients diagnosed with mRCC
between January 2010 and September 2023 at the Dokuz
Eylal University Faculty of Medicine, Department of
Medical Oncology were evaluated. The inclusion criteria of
the study were determined as follows: i) being diagnosed
with RCC, ii) receiving treatment for at least 3 months, iii)
having complete blood count and serum biochemical
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values at the beginning of treatment, iv) having complete
data, v) being male and female aged 18 years and over.
The exclusion criteria of the study were determined as
follows: (i) patients with non-RCC histology; (i) patients
with less than 3 months follow-up; (iii) clinical trial patients;
(iv) patients with a second malignancy were excluded. At
the time of diagnosis, the demographic characteristics,
clinicopathological characteristics, complete blood count,
and biochemical laboratory values of the patients were
recorded through the hospital database retrospectively.

Ethical Approval

This retrospective study was designed in accordance
with the principles of the Declaration of Helsinki. Use of
participant data was permitted without obtaining informed
consent with the permission of the hospital administration.
Based on this, the study was approved by the Dokuz
Eylal University Faculty of Medicine Non-Interventional
Research Ethics Committee (decision number: 2022/42-12,
date: 28.12.2022).

Cleveland Clinic Foundation, International
Metastatic Renal Cell Carcinoma Database
Consortium and Memorial Sloan Kettering Cancer
Center Risk Models

CCF, IMDC, and MSKCC prognostic risk models were used
to determine the risk group of the patients. The parameters
specified in Table 1 were used in these risk models, and
the study population was grouped as favorable (no risk
factors), intermediate (1-2 risk factors) and poor risk (>2
risk factors) according to the presence of the parameters
in these models.

Response and Toxicity Assessment

Positron emission tomography/computed tomography (CT)
and CT were performed every three to four months during

the treatment. T Tumor staging was performed according
to “Eighth Edition of American Joint Committee on Cancer
and the Union for International Cancer Control TNM stage
classification.” Response assessments. It was conducted
in accordance with the “Response Evaluation Criteria in
Solid Tumors V1.1 guidelines”. Toxicity assessments were
made according to the National Cancer Institute Common
Toxicity Criteria.

Statistical Analysis

Demographic and clinicopathological features of the
patients were obtained from the hospital database. The
Statistical Package for the Social Sciences version 24.0
(SPSS 24.0, IBM Corporation, Armonk, New York, USA)
was used in the analysis of variables. The Kolmogorov-
Smirnov Test was used to evaluate the conformity of the
data to normal distribution. Independent Samples t-test
and the Mann-Whitney U test, were used to compare two
independent groups according to quantitative data. The
Pearson chi-square test and Fisher’s exact test were used
to compare categorical variables. Multiple linear regression
analyses were used to evaluate the relationship between
the CCF, IMDC, and MSKCC prognostic risk models. Median
progression-free survival (PFS) in the entire population
was defined as the time from the start date of systemic
therapy to progression, death, or last follow-up, whichever
occurred first. OS was defined as the time from the date
of diagnosis to death or last follow-up. Median follow-
up time in the study was calculated using the inverse
Kaplan-Meier. The Kaplan-Meier (product limit method)
and Log Rank (Mantel-Cox) analyses were used to examine
the effects of variables on survival times, according to
the determined cut-off value. Quantitative variables are
expressed in the tables as mean * standard deviation and
median (minimum/maximum), while categorical variables
are shown as n (%). Variables were evaluated at a 95%

Table 1. CCF, IMDC and MSKCC prognostic risk models

Risk factor CCEF risk factors IMDC risk factors MSKCC risk factors
Time from diagnosis to systemic treatment <1 year v 4 4

Hemoglobin < lower limit of normal v v v

Calcium level > upper limit of normal v v v

Performance status <80% (Karnofsky) v 4

LDH > 1.5x upper limit of normal v v

Neutrophils > upper limit of normal 4

Platelets > upper limit of normal v

Prior radiotherapy v

Presence of hepatic, lung or retroperitoneal node v

metastases

CCF: Cleveland Clinic Foundation, IMDC: International Metastatic Renal Cell Carcinoma Database Consortium, MSKCC: Memorial Sloan Kettering
Cancer Center, LDH: Laktat dehidrogenaz
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confidence interval (Cl) and statistical significance was
determined as p<0.05.

RESULTS

Patients and Clinicopathological Characteristics

The median age of the 189 patients included in the
study population was 62.4 years (range: 27.4-89.9). The
male population in the study was approximately 3 times
as many as the female population [male/female: 75.1%
(n=142)/24.9% (n=47)]. The majority of the patients [62.4%
(n=118)] had Eastern Cooperative Oncology Group PS 0, and
the majority of the population (68.8%) had comorbidities.
The distributions of tumor localization were quite similar,
although the localization in the right kidney was slightly
higher [right kidney/left kidney: 51.9% (n=98)/48.1% (n=91)].
It was observed that 69.8% (n=132) of the patients were
de novo metastatic at the time of diagnosis, and the most
common metastatic site was the lung [64.6% (n=122)]. The
most common histological subtype in the population was
clear cell RCC [66.1% (n=125)]. Clinicopathological features
of the population are shown in Table 2.

Patients Treatment Characteristics

In the study population, the most frequently preferred
treatment for metastatic cancer first-line was sunitinib
(34.4%), followed by nivolumab (28%), axitinib (19.6%), and
cabozantinib (2.6%).79.9% of patients (n=151) who received
treatment had progressed after first-line treatment. In
addition, 70.9% of patients were able to reach second-line
treatment, 37.6% were able to reach third-line treatment,
and 6.9% were able to reach fourth-or more-line treatment.

Distribution of Patients According to Prognostic
Models

When we evaluated the distribution of the patient
population according to the IMDC prognostic risk model,
9.5% (n=18) of the patients were in the favorable-risk group,
62.4% (n=118) were in the intermediate-risk group, and 28%
(n=53) were in the poor-risk group. According to the MSKCC
prognostic risk model, 7.7% (n=14) were in the favorable-risk
group, 60.8% (n=115) were in the intermediate-risk group,
and 31.7% (n=60) were in the poor-risk group. In contrast,
in the CCF prognostic model, a distribution almost similar
to the MSKCC prognostic model was observed, with 7.9%
(n=15) in the favorable-risk group, 61.9% (n=117) in the
intermediate-risk group, and 30.2% (n=57) in the poor-risk
group. The distribution of the population is shown in Table
3.

Survival Analysis

The mean follow-up period in the study was 45.5 months,
and 29.6% (n=56) of patients were still alive. Without

KESKINKILIC et al. Risk Models in Renal Cell Carcinoma

stratification according to prognostic risk group and stage,
mPFS was 23.6 months (95% CI:18.6-28.5 months) and mOS
was 34.6 months (95% Cl: 23.3-45.9 months) in the entire

group.

Survival Analyses According to Prognostic Risk
Models
The IMDC prognostic risk model reliably discriminated

three risk groups to predict survival: the mPFS mOS for the
favorable, intermediate, and poor risk groups were 40.9,

Table 2. Clinicopathological features of the patients

Characteristic (n) %

Gender

Male 75.1% (n=142)
Female 24.9% (n=47)
ECOG performance score

0 62.4% (n=118)
1 28.6% (n=54)
2 17 % (n=9)
Comorbidity 69.8 % (n=132)
Hypertansion 46% (n=87)

Tip 2 diabetes mellitus

Chronic renal disease

23.8% (n=45)
20% (n=38)

Coronary arter disease 18.5% (n=35)
Other 16.9% (n=32)
Smoking status

Present 22.8% (n=43)
Absent 42.9% (n=81)
Unknown 34.4% (n=65)

Tumor location
Right kidney
Left kidney

51.9% (n=98)
48.1% (n=91)

Stage at the time of diagnosis

Stage 4 69.8% (n=132)
Stage 3 15.3% (n=29)
Stage 2 7.4% (n=14)
Stage 1 6.3% (n=12)
Unknown 1.1% (n=2)
Histologic subtype
Clear cell 66.1% (n=125)
Unclassifiable 7.9% (n=15)
Sarcomatoid 7.9% (n =15)
Papillary type type 1 4.2% (n=8)
Chromophobe 4.2% (n=8)
Papillary type 2 1.1% (n=2)
Others 8.6% (n=10)
Site of metastasis
LLng o 64.6% (n=122)

ymph node o (e

Non-regional 44.4% (n=84)

Regional 13.2% (n=25)
B.one 31.7% (n=60)
Liver 24.3% (n=46)
Brain

10.1% (n=19)

ECOG: Eastern Cooperative Oncology Group.
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Table 3. Distribution of prognostic risk models

Prognostic risk models Favorable risk (%/n) Intermediate risk (%/n) Poor risk (%/n)
IMDC 9.5% (n=18) 62.4% (n=118) 28 % (n=53)
MSKCC 7.7% (n=14) 60.8% (n=115) 31.7% (n=60)
CCF 7.9% (n=15) 61.9% (n=117) 30.2% (n=57)

Cancer Center

CCF: Cleveland Clinic Foundation, IMDC: International Metastatic Renal Cell Carcinoma Database Consortium, MSKCC: Memorial Sloan Kettering

29.7, and 14.2 months (p=0.001); 75, 47.7, and 17.6 months
(p<0.001), respectively. The MSKCC prognostic risk model
alsoreliably distinguished three risk groups, quite similar to
the IMDC, with survival times of 40.6, 33.5, and 15.6 months
(p=0.001), and 76.3, 47.7, and 17.7 months (p=0.001). Again,
as in the IMDC and MSKCC prognostic risk models, the
CCF prognostic risk model statistically and significantly
separated survival in the three risk groups, although
patients had shorter PFS and OS times than the other two
prognostic models: 35.7, 25.8, and 17.1 months (p=0.011);
67.9, 40.8, and 22.4 months (p=0.016), respectively. Survival
analyses are shown in Figure 1.

Comparison of Cleveland Clinic Foundation,
International Metastatic Renal Cell Carcinoma
Database Consortium and Memorial Sloan Kettering
Cancer Center Risk Models

When correlation indices were calculated for each model,
it was observed that the CCF prognostic risk model showed
a statistically significant positive correlation with both the
MSKCC prognostic risk model (r=0.656) and the IMDC
prognostic risk model (r=0.690), with p<0.001 for both).
A statistically significant stronger positive correlation is
observed between the MSKCC prognostic risk model and
the IMDC prognostic risk model, which are more frequently
used in current practice, respectively (r=793, p<0.001).

DISCUSSION

To our knowledge, this study is the first to evaluate the
comparison of the most commonly used IMDC and
MSKCC models in determining the treatment strategy
for mRCC, and the CCF prognostic risk model, which
includes the metastasis site and the given treatment
(radiotherapy) as prognostic risk criteria. This is in contrast
to two other less commonly used risk models. In our study
population diagnosed with metastatic clear cell RCC
treated with tyrosine kinase inhibitor (TKI) and 10, these
three prognostic risk models were similarly effective in
determining good, intermediate, and poor risk groups and
were related to each other in terms of prognostic value.
Although there is no direct comparison of these IMDC,
MSKCC and CCF prognostic risk models in the literature,
Heng et al® reported that the IMDC prognostic risk model
was comparable to the CCF, IKCWG, french and MSKCC
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risk models in their study. This supports our study focusing
on only three prognostic risk models.

When the history of the development of prognostic risk
modelsin mMRCCwas evaluated, the MSKCC prognostic risk
model, developed by Motzer et al’, combined five poor
prognostic factors: not having undergone nephrectomy, a
Karnofsky-PS score below at the beginning of treatment,
anemia, elevated serum laktat-dehidrogenaz, and
hypercalcemia (corrected Ca >10), during the period
of systemic chemotherapy and cytokine therapy in
mRCC. This model was validated and reported as the
CCF prognostic risk model. After previous radiotherapy,
the presence of liver, lung, and retroperitoneal nodal
metastases were found to be independent prognostic
factors*® With the introduction of VEGF molecular
targeted therapies over time, the treatment paradigm
in mMRCC has changed, and new prognostic profiles are
needed. The IMDC prognostic risk model, derived from
a multicenter cohort, was constructed consisting of six
independent predictive factors [Karnofsky PS <80%, time
from diagnosis to treatment <1 year, anemia (hemoglobin
concentration < lower limit of normal), hypercalcemia
(corrected calcium concentration > upper limit of normal),
neutrophilia (neutrophil count > upper limit of normal), and
thrombocytosis (platelet count > upper limit of normal)] &1°

Currently, in the determination of risk groups in Phase
3 studies, combination therapies (TKIs/IO and 10)
recommended by international guidelines as first-line
treatment in both favorable and intermediate/poor risk
groups at category 1 level in the treatment of mRCC have
received Food and Drug Administration approval. The
IMDC and MSKCC risk models constitute the two most
commonly used risk models, with the IMDC risk model
validated for cytokine and targeted therapies being more
prevalent™ It has been observed that other prognostic
risk models, including CCF, are not used for determining
treatment decisions in clinical phase studies other than
these two risk models.® In our study, in addition to the IMDC
and MSKCC prognostic risk models, the CCF prognostic
risk model was also evaluated, and it was shown that in
the study population including mRCC patients receiving
targeted therapy and 1O treatment, PFS and OS were
similar according to all three risk models in all risk groups.
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Figure 1. (A) PFS comparison of risk groups in IMDC, MSKCC and CCF risk models. (B) OS comparison of risk groups
in IMDC, MSKCC and CCF risk models. PFS: Progression-Free Survival, IMDC: International Metastatic Renal Cell
Carcinoma Database Consortium: MSKCC: Memorial Sloan Kettering Cancer Center, CCF: Cleveland Clinic Foundation,

OS: Overall survival

The IMDC and MSKCC prognostic risk models were shown
to be more highly correlated with each other, consistent
with the literature'®' Although there is no study in the
literature comparing the CCF with the IMDC prognostic risk
model and the MSKCC prognostic risk model, the results
of the study by Heng et al® comparing the IMDC with the
CCF, IKCWG, the french, and the MSKCC prognostic risk

models in mMRCC patients reported that all risk models
showed concordance with each other, as in our study.

In the studies in the literature where the distribution of
risk groups was evaluated according to the IMDC and
the MSKCC risk model, it was shown that patients in the
intermediate risk group according to the MSKCC risk
model were included in the poor risk group according
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to the IMDC risk model at varying rates (19%, 31.2%).7¢ In
previous studies, although it was reported that the IMDC
and MSKCC risk models showed concordance with each
other in terms of PFS and OS, it was shown that, secondary
to this difference in risk group distribution, the group that
was intermediate according to the MSKCC risk model had
shorter OS than the group that was intermediate according
to the IMDC risk model. In our study, contrary to these
studies, the distribution rate of the risk groups (favorable,
intermediate, and poor group) was similar in all three
prognostic risk models. As a result, no disagrrement was
observed in terms of PFS and OS between both the IMDC
and MSKCC risk models and between the risk groups
according to all three prognostic risk models.

Study Limitations

Our study had some limitations. The first two of these
limitations are that the study results belong to a single
center and the study design is retrospective; therefore, we
believe that the study should be planned and repeated as
a prospective, large, multi-center study. Another limitation
of the study is that since combination therapies (I0/TKI
and 10O) have become the standard treatment in mRCC
today, this study involving patients receiving |O and VEGF-
targeted therapy, does not reflect mRCC patients receiving
combination therapy. It would be more appropriate to plan
a study including this patient group. The last limitation of the
study is that the CCF prognostic risk model was compared
and correlated only with the most commonly used IMDC and
MSKCC prognostic risk models. Since it was not compared
with the french and IKCWG prognostic risk models, it is
suggested that examining its correlation with these models
may increase the power of the CCF prognostic risk model.

CONCLUSION

In our study, it was shown that the CCF prognostic risk
model, which uses the given treatment and metastasis site
as risk factors, is correlated with the most comprehensive
and widely used MSKCC and IMDC prognostic risk models
in clinical practice. It can be used as a prognostic risk
model in mMRCC in addition to other risk models, especially
in the patient group where the metastasis site may be
important in treatment decisions. These risk models are
important for designing clinical trials, selecting appropriate
treatment strategies, and counseling patients about their
prognosis. Ongoing research continues to improve these
models, combining new biomarkers and molecular insights
to increase their predictive accuracy in the evolving
environment of mMRCC, where treatment strategies change
over time.
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ABSTRACT

Objective: Synovial chondromatosis (SC) is a rare, benign condition characterized by the formation
of nodular cartilage within the synovium of joints, bursae, or tendon sheaths. The condition typically
presents as loose body-like nodules, which often exhibit calcification and ossification. SC primarily
affects adults and most commonly involves large joints. Histologically, it is defined by synovium-lined
cartilaginous nodules displaying varying degrees of peripheral cellularity. Due to overlapping features,
SC may be misdiagnosed as a chondroid malignancy, particularly in limited biopsy specimens.

Methods: We performed a retrospective review of cases diagnosed as SCin the Department of Pathology
at Ege University Faculty of Medicine between 1986 and 2020. Archived materials were analyzed for
epidemiological characteristics, clinical presentation, macroscopic and microscopic histopathological
features, and imaging findings.

Results: A total of 114 cases were identified, with a nearly equal gender distribution (male-to-female
ratio: 0.95). The median age was 54t16.7 years (range: 18-86 years). The knee was the most affected site
(56.14%, n=64), followed by the ankle (14.03%), hip (12.28%), wrist (9.64%), elbow (5.26%), and shoulder
(2.63%). Histopathological reevaluation was performed on 62 cases. No correlation was found between
histological features and patient age, gender, lesion location, or recurrence.

Conclusion: Most cases involved the knee joint, although rarer sites such as the ankle were also
observed. Notably, synovial lining over the nodules was not consistently present. Many nodules exhibited
increased cellularity, nuclear pleomorphism, and hyperchromatism-features that can mimic low-grade
chondrosarcoma. Histological and cytological features did not correlate with recurrence in our cohort.

Keywords: Joint diseases, synovium, chondromatosis, osteochondromatosis

oz

Amag: Sinovyal kondromatozis (SK), eklemlerin, bursalarin veya tendon kiliflarinin sinovyumunda
noduler kikirdak olusumuyla karakterize nadir, iyi huylu bir eklem hastaligidir. Tipik olarak, siklikla
kalsifikasyon ve ossifikasyon gosteren eklem igerisinde serbest noddiller olarak ortaya gikar. SK éncelikle
yetiskinleri etkiler ve ¢cogunlukla buyUk eklemleri tutar. Histolojik olarak, cesitli derecelerde &zellikle

periferik hiuicresellik gésteren sinovyumla kapli kikirdak nodulleri olarak tanimlanir. Cakisan 6zellikleri
nedeniyle, SK 6zellikle sinirli biyopsi érneklerinde kikirdak malignitesi olarak yanlis teshis edilebilir.
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OZ et al. Retrospective Evaluation of Synovial Chondromatosis

Yéntem: 1986 ile 2020 yillari arasinda Ege Universitesi Tip Fakiltesi, Patoloji Bolimii'nde SK tanisi konulan olgularin retrospektif bir incelemesini
gerceklestirdik. Arsivlenen materyaller epidemiyolojik, klinik, makroskobik, mikroskobik, histopatolojik ozellikleri ve goériintileme bulgular

acgisindan analiz edildi.

Bulgular: Toplam 114 olgu tespit edildi ve cinsiyet dagilimi neredeyse esitti (erkek-kadin orani: 0,95). Ortanca yas 54%16,7 (araligi: 18-86) idi. Diz
en ¢ok etkilenen bolgeydi (%56,14, n=64), ardindan ayak bilegi (%14,03), kalca (%12,28), bilek (%9,64), dirsek (%5,26) ve omuz (%2,63) geldi. Altmis
iki olguda histopatolojik yeniden degerlendirme yapildi. Histolojik 6zellikler ile hasta yasi, cinsiyeti, lezyon yeri veya tekrarlama arasinda bir

korelasyon bulunamadi.

Sonug: Olgularin cogu diz eklemini iceriyordu, ancak ayak bilegi gibi daha nadir bolgeler de gozlendi. Ozellikle nodiillerin tizerindeki sinovyal doku
daima mevcut degildi. Bircok nodulde artmis hiicresellik, nikleer pleomorfizm ve hiperkromazi gorildi; bunlar distk dereceli kondrosarkomu
taklit edebilen &zelliklerdi. Histolojik ve sitolojik 6zellikler kohortumuzda hastaligin tekrarlamasi ile iliskili bulunmadi.

Anahtar Kelimeler: Eklem hastaliklari, sinovyum, kondromatozis, osteokondromatozis

INTRODUCTION

Synovial chondromatosis (SC) is a rare, benign yet locally
aggressive neoplastic joint disorder characterized by the
formation of multiple lobulated hyaline cartilaginous
or osteocartilaginous nodules (chondromas) within the
synovial membrane of large joints. Typically originating
from synovial connective tissue in adults, SC most
often presents intra-articularly, although extra-articular
manifestations have been rarely reported. The condition is
classified as primary SC when idiopathic, and as secondary
SC when associated with pre-existing joint pathology."?
Due to its clinical similarity to other joint disorders, SC is
frequently challenging to diagnose accurately* Although
its etiology remains largely unknown, SCis widely believed
to result from metaplasia of synovial connective tissue3®
It most commonly affects individuals in the third to fifth
decades of life,2*5¢ with a higher prevalence in males, and
predominantly involves large joints, particularly the knee?’

Clinically, SC poses a diagnostic challenge for orthopedic
specialists, as its presentation often mimics other joint
pathologies. Patients may experience a prolonged
symptomatic period-sometimes extending up to five
years-before a definitive diagnosis is established.*Common
clinical features include joint effusion, tenderness, pain,
swelling, crepitus, limited range of motion, and occasionally
palpable nodules, resembling osteoarthritis?*’ Symptoms
such as pain at rest, pain that worsens with movement, and
joint deformity due to synovial hypertrophy are notable.
Even when SCis a primary neoplastic or metaplastic lesion,
it may present with secondary osteoarthritic changes
resulting from mass effect. In both primary and secondary
forms, long-term complications frequently include
cartilage erosion and progressive joint degeneration.

Malignant transformation to synovial chondrosarcoma
is exceedingly rare and is primarily reported in patients
with long-standing disease and multiple recurrences.>8"
The estimated incidence of malignant transformation in
primary SC ranges from 1-5%,%621012 glthough this remains
uncertain. The highest reported rate was observed in a
large orthopedic oncology database, where 5 out of 78
patients with primary SC developed chondrosarcoma.*

Recent molecular investigations have identified recurrent
gene rearrangements involving fibronectin 1 (FN1) and
activin receptor 2A (ACVR2A) as potential drivers of SC
pathogenesis>® In one cohort, the FNI-ACVR2A gene
fusion-detected via fluorescence in situ hybridization-
was implicated in neoplastic transformation.® Mutations
in IDH1/2, which are commonly observed in malignant
chondroid tumors, have not been identified in SC to date.™*

Definitive diagnosis of SC requires histopathological
examination of biopsied or surgically excised tissue,
demonstrating cartilaginous nodule formation within the
synovium or as free-floating intra-articular bodies.

The objective of this study is to analyze a large surgical
pathology database of SC cases to describe the clinical
and histopathological characteristics of primary SC.

METHODS

Patient Selection of Synovial Chondromatosis
Cases

Archival records of patients diagnosed with SC between
1986 and 2020 were obtained from the Department of
Pathology at Ege University Faculty of Medicine. The study
included only cases involving large joints-specifically the
knee, hip, elbow, shoulder,and ankle.Clinical, demographic,
histopathological, treatment, and imaging data available in
the reporting system were re-evaluated. Of the 124 cases
identified from the records, two cases diagnosed under
the age of 18 and eight cases with insufficient clinical,
demographic, and histopathological data were excluded
from the study. The study was therefore conducted with
114 cases.

Histopathological Examination of
Chondromatosis Cases

Synovial

Since only slides or paraffin blocks of cases after 2000
could be obtained from the archive, hematoxylin and
eosin (H&E) stained slides from 62 cases diagnosed
between 2000 and 2019 were retrospectively reviewed
and confirmed based on current histopathological
criteria.  Nuclear pleomorphism (focal vs. diffuse),
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cellularity (slight, medium, and high), and the presence
of calcification and ossification were assessed. Whether
these histological features were statistically associated
with clinicopathological findings was investigated using
the chi-square test. Cases diagnosed prior to 2000 were
evaluated solely through the review of archival reports.
The study was approved by the Ege University Medical
Research Ethics Committee (decision number: 22-3.1T/6],
date: 24.03.2022).

Statistical Analysis

Statistical analyses were conducted using IBM SPSS
Statistics v21.0. The relationship between demographic
features and mucosal pathological characteristics was
evaluated with the chi-square test. Fisher's exact test was
used for comparisons of categorical variables. A p value of
less than 0.05 was considered statistically significant in all
analyses.

RESULTS

A total of 114 cases were identified, with a nearly equal
gender distribution (male-to-female ratio: 0.95). The
median age was 46.96+15.79 years (range: 18-86 years). The
most commonly affected joint was the knee (56.14%, n=64),
followed by the ankle (14.03%, n=16), hip (12.28%, n=14),
wrist (9.64%, n=11), elbow (5.26%, n=6), and shoulder (2.63%,
n=3) (Table 1, Supplementary Figure 1). The distribution of
cases by decade is also included in the same table.

Radiologically, several cases showed densely radiopaque
bodies within both the synovium and joint space (Figure
la, c), with nodules generally measuring less than 30
mm. Degenerative joint changes, including osteophyte
formation, were frequently observed. Plain radiographs
often revealed multiple (Figure 1a) and occasionally single
(Figure 1c) intra-articular bodies, when calcified. In cases
lacking calcification, intra-articular bodies appeared
radiolucent and could be missed. Magnetic resonance
imaging (MRI) and computed tomography (CT) proved
useful for detecting non-calcified nodules. Degenerative
changes on the joint surface were also noted (Figure Ic,
white arrow). Arthroscopic images of the case in Figure
la are shown in Figure 1b, and of the case in Figure Ic are
shown in Figure 1d.

Gross examination revealed round or oval loose bodies
resembling a joint mouse, ranging from 0.1 to 3 cm in
diameter, which can sometimes form mass formations
(Figure2a,b).In patientswho underwentsynovectomy, these
nodules were occasionally embedded within the synovium
(Figure 3a, black arrow; Figure 3c; Figure 4a). Histologically,
the nodules consisted of cartilage covered by synovium
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with varying degrees of cellularity (Figure 3a, b; Figure 4b)
or consisted of degenerated free cartilage nodules (Figure
2¢). Most nodules were composed of chondrocyte clusters
embedded within a hyaline cartilage matrix and frequently
exhibited central calcification and/or ossification. Notably,
increased peripheral cellularity was commonly observed,
which could potentially be misinterpreted as a chondroid
malignancy on biopsy specimens (Figure 4b).

Among the 62 cases with available follow-up data from
2000 to 2019 (excluding 52 patients for whom clinical
follow-up could not be obtained), 21 cases (33.87%) were
initially diagnosed as tumoral masses, 29 (46.77%) as SC,
and 12 (19.35%) as synovitis. Of these, 56 patients (90.33%)
underwent total synovectomy, while 6 (9.67%) were treated
by removal of joint mice alone. Recurrence occurred
in 4 cases (6.45%), whereas 58 cases (93.56%) remained
recurrence-free. No statistically significant correlation was
found between histological or nuclear features and lesion
localization, or between cartilage cellularity and variables
such as age, gender, anatomical site, or recurrence (p>0.05,
chi-squared test).

Table 1. Clinicopathologic findings in the synovial
chondromatosis cases

Age 46.96+-15.79 (18-86)
Women 42.98%, n=49
GCender
Men 57.02%, n=65
Right 57.01%, n=65
Localization
Left 42.99%, n=49
Knee 56.14%, n=64
Ankle 14.03%, n=16
Hip 12.28%, n=14
Site
Wrist 9.64%, n=11
Elbow 526%, n=6
Shoulder 2.63%, n=3
1969-1979 14.91%, n=17
The case 1980-1989 14.03%, n=16
distribution of 1990-1999 16.66%, n=19
year 2000-2009 26.31%, n=30
2010-2020 28.07%, n=32
Remove of joint mass | 5.26%, n=6
Treatment Synovial excision 4913%, %, n=56
NA 45.61%, %, n=52
Recurrence Present 3.51%, n=4
Absent 50.87%, n=58
NA 45.61%, n=52
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Figure 1. (a) Lateral knee radiograph of a 37-year-old male patient showing multiple well-defined, rounded opacities of
similar size confined to the right knee joint space. No bony erosions were present. Concentric calcifications in the form
of rings, arcs, and swirls were observed. (b) Arthroscopic view of a case with synovial chondromatosis. (c, d) Arthroscopic
and radiological views of the same nodule. The degenerative change of the joint surface is shown in ¢ (white arrow)
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Figure 2. (3, b) Examples of free joint bodies from synovial chondromatosis. Histological confirmation is essential for
differentiating these bodies. (c) Histologically confirmed synovial chondromatosis (H&E, x2)

H&E: Hematoxylin and eosin
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Figure 3. (3, b) Synovial chondromatosis with well-formed nodules in the joint space or just beneath the synovial lining
(H&E, x4 and x10). (c) Deeper cartilaginous nodules embedded within the synovium (H&E, x10)

H&E: Hematoxylin and eosin

y

Figure 4. (a) Marked peripheral hypercellularity with lower cellularity in the central regions of the nodules (H&E, x10).
(b) Disorganized peripheral cells with increased cellularity, raising suspicion for chondrosarcoma (H&E, x20)

H&E: Hematoxylin and eosin

DISCUSSION

SC is a benign neoplastic or metaplastic joint disorder
characterized by the formation of multiple cartilaginous
or osteocartilaginous nodules within the synovium,
tendon sheath, bursa, or joint space. First described by
Laennec in 1813 as intra-articular loose bodies originating
from subsynovial tissues>*'> SC was later more thoroughly
characterized by Fisher in 1920.1¢

SC predominantly affects large joints, with the knee
involved in approximately 70% of cases; followed by the
hip (20%), then the shoulder, elbow, ankle, and wrist24° SC
is typically monoarticular and can affect any synovial joint.
In this clinicopathological review, spanning 34 years, of 114
SC cases, the knee was the most commonly involved joint,
consistent with previous literature, although the proportion
in our series (56.14%) was slightly lower than previously
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reported.>*? Notably, we observed a higher-than-expected
incidence in the ankle, diverging from existing literature.”
While shoulder involvement has been infrequently
reported,'®® ankle localization is even rarer,”" and there is
little to no documented evidence of primary or secondary
SCinthese locations.'®2°No cases of extra-articular SC were
identified in our cohort, contrary to earlier reports,’ possibly
due to incomplete radiological records in some patients.

Approximately 70% of SC nodules undergo endochondral
ossification; the remainder, particularly those embedded
in the synovium, remain unossified (Figure 3c). These
nodules can detach into the joint, where they may undergo
mineralization or persist in the synovium. Histologically,
some nodules displayed densely packed and disorganized
cellular architecture (Figure 3b, 4a). Although nuclear
features were generally uniform-with fine chromatin and



small nucleoli-occasional atypical or binucleated nuclei
were observed (Figure 4b). We found no association
between histological features, including nuclear atypia,
and clinical parameters such as age, sex, lesion location, or
recurrence in our research.

Radiologically, SCis characterized by intra-orextra-articular
cartilage nodules, which may become dislodged into the
joint space and are often referred to as “joint mice” (Figure
la-d). Plain radiographs are typically diagnostic, showing
multifocal, rounded, mineralized nodules within or around
the joint. However, in roughly 20% of cases, mineralization
is not evident due to its time-dependent nature? Non-
mineralized nodules may mimic joint effusions, leading to
misdiagnosis. In such cases, CT and MRI provide valuable
information regarding disease extent and involvement of
adjacent structures2 MRI findings depend on the degree
of synovial proliferation and the presence of calcified or
uncalcified nodules.

Milgram?® proposed a widely accepted three-phase
progression of SC: (1) active synovitis without loose bodies;
(2) a transitional phase with active synovial proliferation
and cartilaginous loose bodies; and (3) multiple ossified
bodies with inactive synovitis. These loose bodies may
cause mechanical erosion of articular surfaces, contributing
to joint damage. Milgram's?® staging is widely accepted
today and supports the view that synovial activity varies
throughout the disease course.

Treatment primarily involves the removal of loose bodies
to relieve symptoms and prevent joint deterioration.
Synovectomy is often employed more extensively than
other procedures?® Treatment strategy and prognosis
may vary depending on the affected joint?2 If untreated,
SC can lead to progressive joint and periarticular damage.
Therefore, early surgical intervention-via arthroscopic or
openremovalofloose bodies, with orwithoutsynovectomy-
is recommended. The necessity of synovectomy remains
debated, as each approach carries distinct risks for
recurrenceand complications2*While localexcisionisoften
curative, recurrence is possible. Malignant transformation
(i.e., secondary synovial chondrosarcoma) is considered
rare and is usually detected through the recurrence of
SC246710 Conversely, it has been demonstrated that two
lesions can be detected simultaneously in some patients.”®
Due to the small number of cases, the literature lacks an
explanation for the underlying mechanism. Recurrence
rates are estimated at 15-20%, especially in tenosynovial
variants, which account for 15-20% of all cases.”"?° |[n our
cohort, the recurrence rate was lower than previously
reported,” which we attribute to the routine practice of
total synovectomy. No correlation was found between
recurrence and cellularity, ossification, or other histological
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features. This supports the notion that complete synovial
excision significantly reduces recurrence and may prevent
malignant transformation.

Once dislodged into the joint, these nodules-"joint mice”-
can absorb nutrients from synovial fluid and continue
to grow, potentially causing secondary joint surface
degeneration. In line with previous studies, nearly all cases
in our series featured ossified or calcified nodules.

Histopathologically, SC is characterized by multiple
cartilaginous nodules or loose bodies within the synovium.
The nodules may be composed of hyaline cartilage with low
(Figure 3a, ¢) or typically high cellular content, particularly
at the periphery, and often exhibit cytological atypia
(Figure 4b). Features such as multinucleated cells, myxoid
matrix generation, nuclear crowding, and pleomorphism
were observed. In some cases, the synovial lining over
the nodules was not consistently present, and areas of
increased cellularity were observed (Figure 3b). If the
nuclear pleomorphism and hyperchromasia are evaluated
without knowledge of lesion location or radiologic context,
they may be diagnosed as low-grade chondrosarcomas.

Primary SC is thought to be more likely neoplastic in origin
and typically occurs in the third or fourth decade of life,
without identifiable underlying joint pathology (clinically,
radiologically, or histopathologically)3#?" In contrast,
secondary SC is more common, usually appearing in
the fifth or sixth decade and associated with conditions
such as synovitis, trauma, osteoarthritis, or neuropathic
arthropathy.?3?' Case reports of SC in athletes are also
available in the literature and support the repetitive
trauma origin?? In suspected primary cases, a neoplastic
mechanism may be more plausible, while secondary cases
are generally attributed to synovial metaplasia due to
existing joint pathology. Primary SC tends to feature more
numerous and uniformly sized nodules, whereas secondary
SC typically involves fewer, larger, and irregularly shaped
bodies.®?* Some reports estimate that 70-95% of SC cases
are primary, while others suggest a higher prevalence of
secondary SC2 Distinguishing between the two remains
a subject of ongoing debate and is often clinically
challenging. Regardless of type, SC leads to the formation
of multiple chondroid nodules and osteochondral loose
bodies, and results in degeneration of the joint space.?

Villacin et al! proposed differentiation between primary
and secondary SC based on their histopathological
characteristics. In our classification, which takes into
account the distinction based on histopathological nuclear
atypia, we found no association between nuclear atypiaand
clinical outcomes such as recurrence during the follow-up
period. We evaluated the cases histopathologically with
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archive record information, and because we could not
access the radiological records of all cases pre-2000, it was
not possible to determine whether there were underlying
degenerative joint findings in our series. For this reason,
our inability to distinguish primary from secondary in our
cases represents a limitation of our series.

Furthermore, even in presumed primary SC, degenerative
changes may arise over time, thereby diminishing the
diagnostic value of radiological evidence alone. No
significant correlation was observed between histological/
cytological features and clinical parameters in our cohort.
In conclusion, our findings suggest that the commonly
proposed histological and clinical parameters for
distinguishing primary from secondary SC-such as the
presence of joint degeneration, metaplastic cartilage,
cellularatypia, calcification patternsin nodules, ossification
type 1, nodule size uniformity, and number or age-may lack
diagnostic reliability.®

Other joint pathologies may also present with loose bodies
and synovial proliferation, including crystal deposition
diseases, osteochondral fractures, osteochondritis
dissecans, neurotrophic arthritis, rheumatoid arthritis,
degenerative  arthritis, and  tuberculous arthritis.
Additionally, synovial soft tissue tumors-such as synovial
hemangioma, arborizing lipoma, and diffuse-type
tenosynovial giant cell tumor-should be considered
in the differential diagnosis. While these entities may
overlap clinically, they are generally distinguishable by
histopathological examination. Although rare, malignant
lesions such as intraosseous low-grade chondrosarcoma
extending into the joint or synovial sarcoma involving
adjacent bone, should also be included in the differential
diagnosis. SC is typically non-invasive, with repeated
recurrences being the primary concern regarding potential
malignant transformation. H&E staining alone is insufficient
to distinguish SC from malignancy; clinical history and
imaging are essential for accurate diagnosis.2

The etiology of SC remains poorly understood and is
believed to involve activation of the synovial membrane.*¢

It is still unclear whether SC represents a reactive
metaplastic process or a true neoplastic transformation.3¢
Although synovial metaplasia is the more widely accepted
mechanism, recent genetic studies have provided evidence
suggesting a neoplastic origin.>® If primary SC is considered
a neoplastic entity, the identification of genetic alterations,
particularly involving the FNTand ACVR2A genes,? in excised
SC tissue may help distinguish it from secondary SC, which
is currently viewed as a more metaplastic process. ACVR2A
encodes a receptor for Activin A, BMP-4, and BMP-6, all of
which are involved in skeletal development?* Testing for
IDH1and IDH2 mutations may further assist in differentiating
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SC from chondrosarcoma, a malignant process, either
through immunohistochemistry or through identifying
the mutated gene. In addition to histopathological and
molecular assessments, radiologic evaluation plays a critical
role in making this distinction. Together, these tools can
guide more aggressive treatment strategies and follow-up
protocols for cases that exhibit genetic alterations.

Study Limitations

The inability to apply molecular and genetic tests is a
limitation of our study.

CONCLUSION

SC is a rare, benign condition that can lead to significant
joint dysfunction. It is widely recognized to occur in both
primary and secondary forms, most commonly affecting
the knee. Differentiating between these forms remains
challenging due to overlapping clinical features and
limitations in radiological and histopathological criteria.
Early diagnosis and appropriate surgical intervention are
critical to preventing disease progression and joint damage.

Although treatment outcomes are relevant, our study did
not yield clinical or histological predictors of recurrence.
Further research is warranted to elucidate the pathogenesis
of SC, particularly the molecular mechanisms underlying
both primary and secondary forms. While primary SC may
involve neoplastic processes, secondary SC is more often
associated with mechanical joint pathology; however, these
pathways may intersect. A comprehensive understanding
of the clinical, pathological, molecular, and therapeutic
dimensions of SCis essential for the effective management
of this uncommon but impactful disease.
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Case Report / Olgu Sunumu

Ventricular Fibrillation Caused by a Low-Rate Pacemaker

Diisiik Hizli Pacemakerin Neden Oldugu Ventrikiiler Fibrilasyon

Olgusu
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ABSTRACT

After undergoing surgery for a perimembranous ventricular septal defect and discrete membrane
resection, a 7-year-old patient developed complete atrioventricular block and received an epicardial
pacemaker. When the epicardial pacemaker reached end-of-life status, a transvenous pacemaker
was implanted. Due to the low basal rate setting of this newly implanted transvenous pacemaker, the
patient experienced bradycardia-induced acquired long-QT syndrome (LQTS), subsequently resulting
in episodes of ventricular fibrillation. This case report discusses the mechanisms leading to acquired
LQTS and fibrillation, and emphasizes the importance of an appropriate basal pacing rate, especially in
pediatric patients, to avoid life-threatening arrhythmias.

Keywords: Acquired long QT syndrome, pacemaker, bradycardia, ventricular fibrillation

oz

Perimembrand&z ventrikiler septal defekt ve diskret membran rezeksiyonu ameliyati gegiren 7 yasindaki
bir hastada, ameliyat sonrasinda tam atriyoventrikller blok gelismis ve bu nedenle epikardiyal
pacemaker implante edilmistir. Epikardiyal pacemaker'in dmriniin sonuna gelmesi Gzerine, transvendz
bir pacemaker takilmistir. Ancak yeni implante edilen transvendz pacemaker'in distk bazal hiz ayar,
hastada bradikardi kaynakli edinsel uzun QT sendromuna (LQTS) neden olmus ve bu da ventrikller
fibrilasyon ataklari ile sonuglanmistir. Bu olgu sunumunda, edinsel LQTS ve fibrilasyona yol agan olasi
mekanizmalar ele alinmakta ve &zellikle pediatrik hastalarda uygun bazal pace hizinin, yasami tehdit
edebilecek aritmileri 6nlemedeki 6nemi vurgulanmaktadir.

Anahtar Kelimeler: Kazanilmis uzun QT sendromu, pacemaker, bradikardi, ventrikler fibriiasyon
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INTRODUCTION

Long QT syndrome (LQTS) is a cardiac repolarization
disorder that can be congenital or acquired, potentially
leading to life-threatening arrhythmias and sudden cardiac
death.! The QT interval encompasses both depolarization
and repolarization phases; however, prolongation of
the repolarization phase is the principal contributor to
LQTS. Clinical manifestations range from mild symptoms
such as dizziness to fatal events, often precipitated by
torsade de pointes (TdP). Moreover, TdP may degenerate
into ventricular fibrillation (VF), causing sudden cardiac
death!

Acquired LQTS is more common than congenital LQTS.
Bradyarrhythmias, including those induced by inadequate
pacing rates, represent a significant risk factor by
prolonging the action potential duration and facilitating
early after depolarizations? In the pediatric population,
prompt identification and management of acquired LQTS
is crucial given the higher incidence of severe or fatal
outcomes compared to adults, even in seemingly low-risk
clinical settings!

Copyright® 2025 The Author. Published by Galenos Publishing House on behalf of Buca Seyfi Demirsoy Training and Research Hospital.
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CASE REPORT

A 7-year-old, 17 kg male patient developed complete
atrioventricular  (AV) block following surgery for a
perimembranous ventricular septal defect, and discrete
membrane resection. An epicardial pacemaker was
previously implanted; however, when the device reached
its end-of-life, atransvenous pacemaker was implanted.
A single chamber pacemaker generator was attached to
the lead, the pacemaker’s basal rate was set to 50 beats
per minute. During the procedure, the patient’s intrinsic
heart rate was noted to be very low (35-40 bpm) when the
pacemaker was temporarily off.

Eighteen hours post-implantation,  the patient
experienced brief episodes of VF (Figure 1). Between these
episodes, the patient’s heart rhythm was paced at 50 bpm,
and there were no hemodynamic instabilities. A review
of the patient's electrocardiograms after implantation
revealed a prolonged corrected QT ranging from 507 ms
to 547 ms (Figure 2). The patient started taking propranolol.
Pacemaker function was verified and found to be effective.
However, as VF episodes persisted, the pacemaker’s basal
rate was increased from 50 bpm to 90 bpm, after which VF
episodes ceased, and a stable paced rhythm was maintained.

Because the patient’s QT interval remained prolonged
(QTc >500 ms), an implantable cardioverter-defibrillator
(ICD) with pacemaker capability was deemed necessary.
The transvenous pacemaker was removed, and a single
chamber ICD was implanted at a more appropriate basal
rate, taking the patient's age-related heart rate range
into account. During monitored follow-up, no further VF
episodes were observed. The ICD functioned without
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complications, and the patient’s clinical course remained
uneventful under regular outpatient follow-up. Informed
consent was obtained from patient’s parents to publish
this very special medical condition.

DISCUSSION

Acquired LQTS occurs more frequently than the congenital
form; its exact incidence remains unknown.! The most
common causes include medications that prolong the QT
interval ranging from antiarrhythmic agents (quinidine,
procainamide, sotalol, amiodarone) to various non-cardiac
drugs (macrolide antibiotics, certain antifungals, some
antipsychotics) and electrolyte imbalances (hypokalemia,
hypomagnesemia, hypocalcemia)!® Other etiologies
include any process causing bradycardia, such as
advanced AV block, sick sinus syndrome, hypothyroidism,
or hypothermia, each of which increases the risk for early
after depolarizations and TdP."*

In this patient, no potential QT-prolonging drugs or
significant electrolyte disturbances were identified, and
thyroid function tests were normal. Electrocardiograms
did not suggest any form of sick sinus syndrome.
However, both the patient’s intrinsic rhythm (35-40 bpm)
and the pacemaker’s set basal rate (50 bpm) were markedly
bradycardic relative to the normal pediatric range of
65-135 bpm for children aged 6-10 years. This supports
the conclusion that the patient developed bradycardia-
induced acquired LQTS secondary to the excessively low
pacemaker setting.

Pacemakerscanshorten QT duration by maintaininga higher
heartrate and preventing pauses that predispose early after

Figure 1. Ventricular fibrillation observed following transvenous pacemaker implantation
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Figure 2. Prolonged QT interval after setting the transvenous pacemaker at a low basal rate

depolarizations. Most pediatric guidelines recommend
a basal pacing rate above 80 bpm in patients at risk for
LQTS or TdP to ensure more homogeneous repolarization
and reduce arrhythmic risk>® Consistent with these
recommendations, increasing the pacemaker rate from 50
bpm to 90 bpm in our patient immediately abolished VF
episodes, indicating a clear link between bradycardia and
the development of LQTS.

Even in adult patients, cases have been reported where
a reduction in the pacemaker's basal rate (hysteresis,
oversensing, premature ventricular contractions,
postventricular atrial refractory period, medications) led
to QTc prolongation and TdP. In these cases, TdP was not
reported after adjusting the basal rate to >70 beats per
minute.lthasbeensuggestedthatparticularlyin patientswith
an increased risk of TdP, such as those using QT-prolonging
medications, the basal rate may be set higher> Similarly our
case, Bernstein et al. reported a case of a pediatric patient
with congenital AV block who presented with syncope
and was found to have QTc prolongation associated with
bradycardia, as well as ventricular tachycardia at a rate of
300 beats per minute, potentially consistent with torsades,
during pacemaker interrogation. They emphasized the
importance of regular QTc monitoring in the follow-up of
these patients after pacemaker implantation.¢

Children with LQTS, whether congenital or acquired, may
present with life-threatening events, such as cardiac arrest,
more often than adults. Hence, therapy is recommended
even for asymptomatic pediatric patients3 Beta-blockers
reduce the likelihood of arrhythmic events in up to 70%
of LQTS patients, but around 30% may still experience
breakthrough arrhythmias or sudden death despite optimal
medical therapy. For those with a history of cardiac arrest
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or recurrent arrhythmic events despite beta-blockade, ICD
implantation is the first-line option? ICDs provide both
anti-bradycardia pacing and arrhythmia termination,
significantly improving survival in pediatric patients at high
risk for lethal arrhythmias3=

CONCLUSION

To extend pacemaker battery life, clinicians may be
tempted to program excessively low basal rates, but this
can pose a significant risk factor for acquired LQTS and
subsequent malignant arrhythmias in pediatric patients.
Maintaining a basal pacing rate appropriate for the patient’s
age can help prevent the development of bradycardia-
induced LQTS and VF episodes. In this case, raising the
basal pacemaker rate effectively eliminated VF attacks.
Consequently, we recommend carefully considering
the minimum basal heart rate for pediatric pacemaker
programming, ensuring it remains within a physiologically
safe range to minimize arrhythmic complications.
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