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YAZARLARA BiLGi

Umraniye Pediatri Dergisi, uluslararasi, periyodik ve agik erisimli akademik bir dergidir. Dergi; bagimsiz, nyargisiz ve gift-kdr hakemlik
ilkelerine uygun olarak Nisan, Agustos ve Aralik aylarinda yilda ii¢ sayi yayinlanmaktadir. Derginin yayin dili Tiirkge ve ingilizce’dir.

Degerlendirilmek lizere génderilen yazilar Tiirkge ya da ingilizce olarak kabul edilmekte ve yayinlanmaktadir.

Dergide makale degerlendirme ve yayin islemleri icin yazarlardan Ulcret talep edilmemektedir. Dergi arsivi www.umraniyepediatri.com
Uzerinden Ucretsiz olarak okuyucularin erisimine agiktir.

Umraniye Pediatri Dergisi cocuk sagligi ve hastaliklari alaninda yayinladigi 6zgiin arastirma, nadir gériilen olgu sunumlari, derleme ve
editére mektup tirtndeki yazilar ile tip bilimine katki saglamayr amaglamaktadir. Derginin hedef kitlesi ¢ocuk saghgi ve hastaliklari
konusunda c¢alisan uzmanlar, akademisyenler ve ilgili diger dal uzmanlaridir.

Derginin yazilari degerlendirme ve yayin siregleri ‘International Committee of Medical Journal Editors’ (ICMJE), ‘World Association of
Medical Editors” (WAME), ‘Council of Science Editors’ (CSE), ‘Committee on Publication Ethics’ (COPE), ‘European Association of Science
Editors” (EASE), ve ‘National Information Standards Organization’ (NISO) kilavuzlarina uygun olarak sekillendirilmis olup ‘Principles of
Transparency and Best Practice in Scholarly Publishing’ (doaj.org/bestpractice) ilkelerine uygun olarak yuritilmektedir.

Bir yazinin yayina kabul edilmesindeki en 6nemli élgiitler; 6zgiinliik, yiiksek bilimsel kalite ve atif potansiyelidir. Umraniye Pediatri Dergi-
si’ne gonderilen yazilarin daha 6nce baska bir elektronik ya da basili dergide, kitapta ya da farkh bir mecrada sunulmamis ya da yayinlan-
mamis olmasi gerekir. Toplantilarda sunulan galismalar igin, sunum yapilan kongrenin tam adi, tarihi, sehri ve lkesi belirtiimelidir.

Umraniye Pediatri Dergisi’ne génderilen tiim yazilar cift-kér hakem degerlendirme siirecinden gegmektedir. Tarafsiz degerlendirme saglay-
abilmek icin her yazi alanlarinda uzman en az iki dis-bagimsiz hakem tarafindan degerlendirilir. Dergi Yayin Kurulu Gyeleri tarafindan
gonderilecek yazilarin degerlendirme siiregleri, davet edilecek dis bagimsiz editorler tarafindan yuritilecektir. Bitln yazilarin karar verme
sureglerinde son karar yetkisi Bas Editor'dedir.

Klinik ve deneysel calismalar, ilag ile cihaz arastirmalari ve bazi olgu sunumlari igin World Medical Association Declaration of Helsinki “Eth-
ical Principles for Medical Research Involving Human Subjects”, (amended in October 2013, www.wma.net) ¢ercevesinde hazirlanmis Etik
Kurul raporu gerekmektedir. Tirkiye'de yapilan bu tir ¢calismalar igin Saglik Bakanhgi'nin 3359 numaral Saglk Hizmetleri Temel Kanunu’na
uygun olarak Saglik Bakanligi’'ndan izin alinmasi gereklidir. Etik Kurul raporu ya da esdegeri olan resmi bir yazi taranarak sisteme yiklen-
melidir. insanlar tizerinde yapilmis deneysel calismalarin sonuglarini bildiren yazilarda, calismanin yapildigi kisilere uygulanan yéntemlerin
niteligi timuyle aciklandiktan sonra, onaylarinin alindigina iliskin bir agiklamaya metin iginde yer verilmelidir. Hayvanlar lizerinde yapilan
calismalarda ise, hayvanlara agri, aci ve rahatsizlik verilmemesi igin alinan 6nlemler yazida agik olarak belirtilmelidir. Hasta onamlari, Etik
Kurul raporunun alindigi kurumun adi, onay belgesinin numarasi ve tarihi ana metin dosyasinda yer alan Gereg ve Yontemler basligi altinda
yazilmalidir. insanlarda yapilan tibbi arastirmalarda Diinya Tip Birligi’nin Helsinki Bildirgesine uyularak arastirmanin yapildigi belirtilmelidir.
Hastalarin kimliklerinin gizliligini korumak yazarlarin sorumlulugundadir. Hastalarin kimligini aciga ¢ikarabilecek fotograflar icin hastadan
ya da hastanin yasal vasilerinden alinan imzali izinlerin de dergiye gdnderilmesi gereklidir.

Biitlin yazilarin benzerlik denetimi iThenticate yazilimi araciligiyla yapilmaktadir.

Yayin Kurulu, dergiye gonderilen calismalar hakkindaki intihal, atif yonlendirmesi ve veri sahteciligi iddialari ya/ya da stpheleri karsisinda
COPE kilavuzunda belirtilen ilkelere gore hareket edecektir.

Yazar olarak listelenen herkesin ICMJE (www.icmje.org) tarafindan dnerilen yazarlik 6lgUtlerini karsilamasi gerekmektedir. ICMJE, yazarlarin
asagidaki 4 olgutu karsilamasini 6nermektedir:

Calismanin distincesine/tasarimina ya da galisma icin verilerin toplanmasina, incelenmesine ve yorumlanmasina énemli 6lgiide katki
saglamis olmak; VE

Yazi taslagini hazirlamis ya da diistinsel igerigin elestirel incelemelerini yapmis olmak; VE
Yazinin yayindan énceki son halini gozden gegirmis ve onaylamis olmak; VE

CGalismanin herhangi bir bolimanin gegerliligine ve dogruluguna iliskin sorularin uygun sekilde incelenip ¢dziimlendigini saglamak amaciy-
la galismanin her yoniinden sorumlu olmayi kabul etmek.

Bir yazar, calismada katki sagladigi kisimlarin sorumlulugunu almasinin yani sira diger yazarlarin galismanin hangi kisimlarindan sorumlu
oldugunu da saptayabilmelidir. Ayrica, yazarlar birbirlerinin katkilarinin bitlnligiine gliven duymalilardir.

Yazar olarak belirtilen herkes yazarligin dort 6lgtitiind karsilamali ve bu dort 6lgiita karsilayan herkes yazar olarak tanimlanmalidir. Dort
Olguitlin tamamini karsilamayan kisilere yazinin baslik sayfasinda tesekkiir edilmelidir.



Sorumlu yazarlar; yazarlik haklarina uygun hareket etmek ve hayalet ya da lituf yazarligin dniine gegmek amaciyla yazilarin yikleme
surecinde, www.umraniyepediatri.com adresinden erisilebilen Yazar Katki Formu’nu imzalamali ve bu formun taranmis seklini yaziyla bir-
likte gondermelidir. Yayin Kurulu’nun gonderilen bir yazida “lituf yazarlik” oldugundan stiphelenmesi durumunda s6z konusu yazi deger-
lendirme yapilmaksizin reddedilecektir.

Umraniye Pediatri Dergisi gonderilen yazilarin yazarlari ile yazilarin degerlendirme siirecinde olan kisilerin potansiyel ¢ikar gatismasina ya
da onyargiya yol agabilecek mali, kurumsal ve diger iliskilerini ya da potansiyel ¢ikar catismalarini bildirmelerini talep ve tesvik eder.

Bir calisma igin bir birey ya da kurumdan alinan her tirlii mali destek ya da diger destekler Yayin Kurulu’na bildirilmelidir. Potansiyel gikar
gatismalarini bildirmek amaciyla ICMJE Potansiyel Cikar Catismalari Formu katki saglayan tiim yazarlar tarafindan ayri ayri doldurulmalidir.
Editorler, yazarlar ve hakemler ile ilgili potansiyel gikar gatismalari derginin Yayin Kurulu tarafindan COPE ve ICMIJE kilavuzlari kapsaminda
¢ozllmektedir.

Derginin Yayin Kurulu, itiraz ve sikayet olaylarini, COPE rehberleri kapsaminda isleme almaktadir. Yazarlar, itiraz ve sikayetleri igcin dogru-
dan Yayin Sekreterligi ile temasa gecebilirler. Gereksinim duyuldugunda Yayin Kurulu’nun kendi iginde ¢6zemedigi konular igin tarafsiz bir
temsilci atanmaktadir. itiraz ve sikayetlerle ilgili karar verme siireclerinde son karari Bas Editdr verecektir.

Umraniye Pediatri Dergisi her yazinin www.umraniyepediatri.com adresinden erisilebilen Telif Hakki S6zlesmesi ile beraber génderilmesini
talep eder. Yazarlar, yazida yer alan resimler, tablolar ya da diger her tirli icerik dahil daha 6nce yayinlanmis igerigi kullanirken telif hakki
sahibinden izin almalilardir. Bu konudaki yasal, mali ve cezai sorumluluk yazarlara aittir. Yazarlar, Telif Hakki Sézlesmesini imzalayarak, Um-
raniye Pediatri Dergisi’'nde yayinlanacak yazilarin Creative Commons 4.0 Uluslararasi Atif Lisansi (CC-BY-NC) kapsaminda lisanslanacagini
kabul ederler.

Dergide yayinlanan yazilarda ifade edilen gériisler Umraniye Pediatri Dergisi, Bas Editér, Editérler, Yayin Kurulu ve Yayinci’nin degil,
yazar(lar)in bakis agilarini yansitir. Bas Editor, Editorler, Yayin Kurulu ve Yayinci bu igeriklere dair higbir sorumluluk ya da yuktumlulik kabul
etmemektedir. Yayinlanan igerik ile ilgili tim sorumluluk yazarlara aittir.

Yazilarin Hazirlanmasi

Yazilar, ICMJE-Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical Journals (updated in
December 2015 - http://www.icmje. org/icmje-recommendations.pdf) ile uyumlu olarak hazirlanmalidir. Randomize ¢alismalar CONSORT,
gozlemsel calismalar STROBE, tanisal degerli galismalar STARD, sistematik derleme ve meta-analizler PRISMA, hayvan deneyli calismalar
ARRIVE ve randomize olmayan davranis ve halk saghgiyla ilgili calismalar TREND kilavuzlarina uyumlu olmalidir.

Yazilar sadece www.umraniyepediatri.com adresinde yer alan derginin online yazi yliikleme ve degerlendirme sistemi lizerinden gonder-
ilebilir.
Gonderilen yazilarin dergi yazim kurallarina uygunlugu ilk olarak dergi yayin kurulu tarafindan kontrol edilecek, dergi yazim kurallarina

uygun hazirlanmamis yazilar teknik diizeltme talepleri ile birlikte yazarlarina geri gonderilecektir.

Yazarlarin; Telif Hakki S6zlesmesi, Yazar Katki Formu ve ICMJE Potansiyel Cikar Catismalari Formu’nu (bu form, tiim yazarlar tarafindan
doldurulmalidir) ilk gonderim sirasinda online yazilarin yiiklenme sistemine yiklemeleri gerekmektedir. Bu formlara www.umraniyepedi-
atri.com adresinden erisilebilmektedir.

Baslik sayfasi: Gonderilen tim yazilar ile birlikte ayri bir baslk sayfasi da génderilmelidir. Bu sayfa;

Yazinin Tiirkge ve ingilizce bashgini ve 50 karakteri gegmeyen kisa basligini,

Yazarlarin isimlerini, kurumlarini, egitim derecelerini, e-mail adreslerini ve ORCID ID numaralarini,

Mali destek bilgisi ve diger destek kaynaklari hakkinda ayrintili bilgiyi,

Sorumlu yazarin ismi, adresi, telefonu (cep telefonu dahil), faks numarasi ve e-posta adresini,

Yazilarin hazirlama siirecine katkida bulunan ama yazarlik 6lgttlerini karsilamayan bireylerle ilgili bilgileri icermelidir.

Ozet: Editore Mektup ve Uzmanindan Yorum tiiriindeki yazilar disinda kalan tiim yazilarin Tiirkge ve ingilizce 6zetleri olmalidir. Ozgiin

Arastirma yazilarinin 6zetleri “Amacg”, “Gereg ve Yontemler”, “Bulgular” ve “Cikarimlar” alt baghklarini icerecek bigimde hazirlanmalidir.
Kelime kisitlamalari igin Tablo 1'i inceleyiniz.

Anahtar Sozciikler: Tum yazilar en az 3 en fazla 10 anahtar kelimeyle birlikte génderilmeli, anahtar sozclkler 6zetin hemen altina yazil-
malidir. Kisaltmalar anahtar sozciik olarak kullanilmamalidir. Anahtar sézciikler National Library of Medicine (NLM) tarafindan hazirlanan
Medical Subject Headings (MeSH) veritabanindan segilmelidir.



Yazi Tiirleri

Yazi ana dosyalari Microsoft Office Word programi kullanarak hazirlanmali ve tiirlerine gére asagidaki yapida diizenlenmelidir.

» u

Ozgiin Arastirma: Ana metin “Giris”, “ Gereg ve Yontemler”, “Bulgular” ve “Tartisma” alt baslklarini igermelidir. Ozgiin Arastirmalarla ilgili
kisitlamalar igin litfen Tablo 1’i inceleyiniz.

Sonucu desteklemek igin istatiksel ¢cdziimleme genellikle gereklidir. istatistiksel ¢6ziimleme, tibbi dergilerdeki istatistik verilerini bildirme
kurallarina gére yapilmahdir (Altman DG, Gore SM, Gardner MJ, Pocock SJ. Statistical guidelines for contributors to medical journals. Br
Med J 1983: 7; 1489-93). istatiksel céziimleme ile ilgili bilgi, Gerec ve Yontemler bélimii icinde ayri bir alt baslik olarak yazilmali ve kul-
lanilan yazilm kesinlikle tanimlanmalidir. Arastirma makalelerinde 6rneklem sayisina karar verilirken yapilan hesaplamanin belirtiimesi ge-
rekir. Stirekli degiskenlerin karsilastirilmasinda parametrik testler kullanildigi zaman, verilerin ortalamazstandart sapmalariyla bildirilmesi
gerekir. Parametrik olmayan testler icin de ortanca (en dustk-en yiliksek) ya da ortanca (25 ve 75. persantil) degerleri olarak bildirilmesi
gerekir. ileri ve karmasik istatistiksel ¢6ziimlemelerde, géreceli risk (RR-Relative Risk), olasilik (OR-Odds Ratio) ve tehlike (HR-Hazard Ratio)
oranlari, gliven araliklari (Confidence Intervals) ve p degerleri ile desteklenmelidir.

Birimler, uluslararasi birim sistemi olan ‘International System of Units’ (Sl)’a uygun olarak hazirlanmadir.

Uzmanindan Yorum: Dergide yayinlanan bir arastirmanin, o konunun uzmani olan ya da st diizeyde degerlendirme yapan bir hakemi
tarafindan kisaca yorumlanmasi amacini tasimaktadir. Yazarlari, dergi tarafindan segilip davet edilir. Uzmanindan Yorum yazilari ile ilgili
kisitlamalar igin litfen Tablo 1’i inceleyiniz.

Derleme: Konusunda birikimi olan ve bu birikimleri uluslararasi dizine yayin ve atif sayisi olarak yansimis yazarlar Editorler Kurulu tarafin-
dan derleme yazmak lizere davet edilir. Derlemeler, bir bilgi ya da konunun klinikte kullaniimasi igin vardigi son diizeyi anlatan, tartisan,

degerlendiren ve gelecekte yapilacak olan ¢alismalara yon veren bir sekilde hazirlanmalidir. Ana metin “Giris”, “Klinik ve Arastirma Etkileri”
ve “Sonug” boliimlerini icermelidir. Derleme tiriindeki yazilarla ilgili kisitlamalar igin liitfen Tablo 1’i inceleyiniz.

Olgu Sunumu: Olgu sunumlari icin sinirli sayida yer ayrilmakta ve sadece nadir gorilen tani ve tedavisi gli¢ olan hastaliklarla ilgili yeni bir
yontem 6neren, kitaplarda yer verilmeyen bilgileri yansitan, ilgi cekici ve 6gretici dzelligi olan olgular yayina kabul edilmektedir. Ozette
genel bilgiler degil olgu anlatilmalidir. Ana metin; “Giris”, “Olgu” ve “Tartisma” alt baslklarini icermelidir. Olgu sunumu turiindeki yazilar
icin hasta(lar)dan ya da hastanin yasal vasilerinden bilgilendirilmis yazili hasta onami alinmasi ve yazinin basvurusu sirasinda dergimize

gonderilmesi zorunludur. Olgu Sunumlariyla ilgili kisitlamalar igin litfen Tablo 1’i inceleyiniz.

Editore Mektup: Dergide daha 6nce yayinlanan bir yazinin 6nemi, gézden kagan bir ayrintisi ya da eksik kisimlari tartisabilir. Ayrica dergi-
nin kapsamina giren alanlarda okurlarin ilgisini gekebilecek konular ve 6zellikle egitici olgular hakkinda da editore mektup tiriinde yazilar
yayinlanabilir. Okuyucular da yayinlanan yazilar hakkinda yorum igeren editére mektup tiriinde yazilarini sunabilirler. Editore mektup
tirtndeki yazilarda 6zet, anahtar sozciik, tablo, sekil ve diger gorseller kullanilmaz. Ana metin alt basliksiz olmalidir. Hakkinda mektup
yazilan yayina ait cilt, yil, sayi, sayfa numaralari, yazi bashgi ve yazarlarin adlari agik bir sekilde belirtilmeli, kaynak listesinde yazilmali ve
metin icinde kaynak gosterilmelidir.

Tablolar

Tablolar ana dosyaya eklenmeli, kaynak listesi sonrasinda sunulmali ve ana metin icerisindeki gegcis siralarina uygun olarak numaraland-
irilmadir. Tablolarin tizerinde tanimlayici bir baslik yer almali ve tablo icerisinde gecen kisaltmalarin agilimlari tablo altinda alfabetik siraya
gore tanimlanmalidir. Tablo dipnotlarinda Ust simge olarak harfler kullaniimalidir. Tablolar Microsoft Office Word dosyasi iginde “Tablo
Ekle” komutu kullanilarak hazirlanmali ve kolay okunabilir sekilde diizenlenmelidir. Tablolarda sunulan veriler ana metinde sunulan veril-
erin tekrari olmamali, ana metindeki verileri destekleyici nitelikte olmalilardir. Tablolarda kullanilan kisaltmalar tablo altlarinda alfabetik
siraya gore tanimlanmalidir.

Resim ve Resim Altyazilari

Resimler, grafikler ve fotograflar (TIFF ya da JPEG formatinda) ayri dosyalar seklinde sisteme yiklenmelidir. Gorseller bir Word do-
syasi dokiimani ya da ana dokiiman igerisinde sunulmamalidir. Alt birimlere ayrilan gérseller oldugunda, alt birimler tek bir gorsel
icerisinde verilmemelidir. Her bir alt birim sisteme ayri bir dosya olarak yuklenmelidir. Resimler alt birimleri belli etme amaciyla
etiketlenmemelidir (a, b, c vb.). Resimlerde altyazilari desteklemek igin kalin ve ince oklar, ok baslari, yildizlar, asteriksler ve benzer
isaretler kullanilabilir. Yazilarin geri kalaninda oldugu gibi resimlerde de ¢ift-kor degerlendirmeyi saglamak icin kisi ve kurum bilgileri
gizlenmelidir. Gorsellerin ¢ozunurligi en az 300DPI olmalidir. Degerlendirme siirecindeki aksakliklari dnlemek icin gonderilen bitin
gorsellerin ¢ozunurligu net ve boyutu buyuk (En kiiglik boyutlar 100x100 mm) olmalidir. Resim altyazilari ana metnin sonunda yer
almalidir.



Ozel Kurallar

Cift-kor hakem degerlendirmesinin yapilabilmesi icin dergiye gonderilen yazi dosyalari ve gorseller ¢alismanin yapildigi kurum ve kisilere
ait bilgiler icermemelidir.

Tiirkge ve ingilizce baslik ve kisa basliklarda ciimlenin ilk harfi biiyiik, diger tiim harfler kiiclik olmalidir. Baslik ve metinde eger “:” dan sonra
climle geliyorsa ilk harfi buyiik, cimle gelmiyor ise kiictik harfle yazilmaldir. Cok kullanilar sézctkler kisaltilabilir. Ancak 6zette kisaltma
kullanilmamalidir. Yazi igerisinde gecen tiim kisaltmalar ana metinde ilk kez kullanildiklari yerde tanimlanarak kisaltma tanimin ardindan
parantez igerisinde verilmeli, yazi icinde cimle baslarinda kisaltma kullanilmamali, cimle icinde kisaltma kullanilmaldir.

Ana metin igerisinde cihaz, yazilim, ilag vb. irlinlerden bahsedildiginde trlintn ismi, Ureticisi, Uretildigi sehir ve Ulke bilgisini iceren lrin
bilgisi parantez icinde verilmelidir; “Discovery St PET/CT scanner (General Electric, Milwaukee, WI, USA)”. ilag isimleri etken madde adi ile
yazilmalidir.

Tum kaynak, tablo ve sekillere ana metin iginde uygun olan yerlerde sirayla numara verilerek kaynak gosterilmelidir. Tablo ve sekil
basliklarinda ve bunlarin yazi igcinde anilmasinda Roma rakamlari kullanilmamalidir.

Dort ve lizeri haneli sayilarda binlik basamaklar arasinda bosluk birakilmalidir [Orn: 1 000 000]. Cift haneli sayilar, yazi icinde rakamla, tek
haneli sayilar ise yaziyla verilmelidir. Ancak degerleri belirten ifadelerde tek haneler rakamla verilmelidir (Orn: 1 cm). Yazi iginde ve tablo-
larda yiizdelik degerler virglilden sonra iki basamak, p degerleri virgtilden sonra li¢ basamak olarak verilmelidir. Yazi, tablo ve sekillerde yer
alan ondalik sayilar Tiirkce yazilarda virgiil ile ingilizce yazilarda nokta ile ayriimalidir.

Ozgiin arastirmalarin kisitlamalari, engelleri ve yetersizliklerinden Sonug paragrafi éncesi “Tartisma” béliimiinde bahsedilmelidir.
Kaynaklar

Kaynak gosterirken en yeni ve giincel yayinlar tercih edilmelidir. Kaynak gosterilen erken gevrimigi yazilarin DOl numaralari mutlaka belir-
tilmelidir. Kaynaklarin dogrulugundan yazarlar sorumludur. Dergi isimleri Index Medicus/Medline/PubMed’de yer alan dergi kisaltmalari
ile uyumlu olarak kisaltilmahdir. Alti ya da daha az yazar oldugunda tiim yazar isimleri listelenmelidir. Eger 7 ya da daha fazla yazar varsa
ilk 3 yazar yazildiktan sonra Tiirkce kaynaklarda “ve ark.” ve ingilizce kaynaklarda ‘et al.” ifadesi eklenmelidir. Ana metinde kaynaklara atif
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ABSTRACT

Artificial intelligence (Al) is rapidly entering paediatric practice, yet clinicians often lack a concise, practical orientation.
We summarise what paediatricians should know about contemporary Al in a compact and clinically useful context.
We performed a narrative state-of-the-art review of peer-reviewed literature published between January 2017 and
April 2026 (last search date: 30.04.2026) using PubMed, Scopus, and special issues on Al in paediatrics. Search terms
combined “artificial intelligence,” “machine learning,” “deep learning,” “large language models,” and “natural language
processing” with “paediatric/pediatric,” “child,” “neonatal,” and paediatric subspecialty keywords. Priority was given
to peer-reviewed studies, regulatory and ethics guidance, and recent reviews addressing clinical implementation,
validation, bias, explainability, and governance. Because the review was narrative rather than systematic, no PRISMA
flow diagram was prepared. Findings were organised around five clinical domains, with cross-cutting pitfalls synthesised.
Mature applications include image-based diagnostics (radiology, ophthalmology, and dysmorphology), deterioration and
sepsis prediction in the paediatric intensive care unit, asthma exacerbation forecasting, autism screening, accelerated
rare-disease diagnosis from whole-genome data, precision dosing, and LLM-based clinical documentation and parental
education tools. In selected narrow tasks under controlled test conditions, reported performance may approach, and in
some studies overlap with, expert-level performance; however, generalisability is highly dependent on dataset quality,
population similarity, and external validation. Conversely, paediatric Al faces unique threats: small and developmentally
heterogeneous datasets, label scarcity, racial and gender bias, dataset shift, opaque “black box” reasoning, and complex
consent for minors. Robust external validation in diverse paediatric populations remains the exception rather than the
rule. Al is best understood as augmented intelligence that supports, rather than replaces, the paediatrician. Practical
adoption requires Al literacy, structured evaluation of tools against age-stratified evidence, vigilance for bias, and explicit
local governance. Paediatricians who engage early will help shape safe, equitable, child-specific Al.
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Yogun pediatristler icin yapay zeka

OzZET

Yapay zeka (YZ), glinluik pediatri pratigine hizla girmektedir; ancak yogun rutinde klinisyenler kisa ve uygulanabilir bir kaynak bulmakta gugcliik cekebilmektedir.
Bu derleme, her pediatristin glincel YZ uygulamalari hakkinda bilmek isteyebilecegi kisa, klinik agidan kullanish ve pratik bilgileri sunmayi amaglamaktadir.
Ocak 2017-Nisan 2026 (son tarama tarihi: 30 Nisan 2026) arasinda yayimlanan hakemli literatiiriin anlatisal nitelikte gtincel bir derlemesi yapildi. PubMed,
Scopus ve pediatrik YZ’ye ayriimis giincel 6zel sayilar tarandi. Arama terimleri (ingilizce) “yapay zeka”, “makine 6grenmesi”, “derin 6grenme”, “biiyiik dil mod-
elleri” ve “dogal dil isleme” kavramlari ile “pediatri”, “cocuk”, “neonatal” ve pediatrik yan dal anahtar sézctikleri birlestirilerek olusturuldu. Klinik uygulama,
dogrulama, yanlilik, agiklanabilirlik ve yonetisimi ele alan hakemli ¢alismalara, diizenleyici ve etik kilavuzlara ve glincel derlemelere oncelik verildi. Sistematik
olmaktan ¢ok anlatisal bir derleme amaglandigindan PRISMA akis diyagrami hazirlanmadi. Bulgular bes klinik alanda toplandi ve sentezlendi. Olgunluga
ulasmis uygulamalar arasinda gorinti temelli tani (radyoloji, oftalmoloji, dismorfoloji), pediatrik yogun bakimda kétllesme ve sepsis 6ngorisi, astim atagi
tahmini, otizm taramasi, tim genom verisinden hizlandirilmis nadir hastalik tanisi, hassas dozlama ve buyik dil modeli tabanh klinik dokiimantasyon ile
ebeveyn egitimi araglari yer almaktadir. Dar tanimli segili gorevlerde bildirilen performans, uzman diizeyine yaklasabilmekte ve bazi calismalarda bu dizeyle
ortisebilmektedir; ancak genellenebilirlik veri kalitesine, populasyon benzerligine ve dogrulama (validasyon) suireglerine buyik 6lgtide baglidir. Buna karsin
pediatrik YZ; kiiguk ve gelisimsel agidan heterojen veri kiimeleri, irk ve cinsiyet yanliliklari, veri kaymasi, seffafliktan yoksun “kara kutu” modeller ve resit ol-
mayanlarda karmasik onam siiregleri gibi kendine 6zgi tehditlerle karsi karsiyadir. Farklilik ve gesitlilik gosteren pediatrik poptlasyonlarda dis dogrulama hala
kuraldan gok istisnadir. YZ, pediatristin yerine gecen degil, onu destekleyen artiriimis zeka olarak anlasiimalidir. Pratik benimseme; YZ okuryazarligi, araglarin
yasa gore tabakalandiriimis kanitlarla yapilandiriimis degerlendirilmesi, yanlliga karsi dikkat ve duruma 6zgi yonetisim gerektirmektedir. YZ stireglerine katil-

mak igin gecikmeksizin caba gosteren pediatristler, gocuklara 6zgii giivenli ve adil bir YZ'nin bicimlenmesine katki saglayacaktr.

Anahtar Kelimeler: Derin 6grenme; dogal dil isleme; klinik karar destek sistemleri; makine 6grenmesi; pediatri; tanisal gériintileme; yapay zeka.
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DS: 0000-0002-2285-3907

istanbul Sabahattin Zaim Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Yaziim Mihendisligi Bolimd, istanbul, Tirkiye

INTRODUCTION

Few topics have generated as much excitement, anxiety, and
clinical inertia within paediatrics as artificial intelligence (Al).
The general paediatrician is increasingly expected not only to
interpret clinical data but also to understand rapidly evolving
Al-related claims, tools, and risks: a regulator clears another
algorithm; a national academy issues guidance on chatbots in
clinic; a hospital pilots a sepsis predictor on the wards; a parent
arrives with a printed exchange from a large language model
(LLM) and a list of pointed questions about a rash. Within rou-
ghly a decade, Al has moved from the periphery of medicine to
a position where it touches triage, imaging interpretation, ele-
ctronic health record (EHR) documentation, dosing, and even
how parents prepare for the visit (1-3).

Paediatrics carries unique features that intensify both the pro-
mise and the risk of Al. Children are not small adults: physio-
logy, dosing, image appearance, disease epidemiology, and re-
ference ranges all change with age and developmental stage.
Paediatric datasets are smaller, rare outcomes are common,
and the data labels available to train models often reflect the
clinical world of adults rather than that of children (4, 5). Add
to this the special obligations of paediatric care: guardianship,
assent, lifelong consequences of misclassification, and the di-
gital literacy of the family. It becomes clear that paediatricians
cannot delegate the Al strategy.

This narrative state-of-the-art review is organised as a series of
compact “Al bits”: short, practical takeaways for the busy clinici-
an. We first summarise the core terminology so that the rest of
the article can be read fluently (Table 1 and Fig. 1). We then sur-
vey contemporary applications across five clinical domains, with
selected high-quality examples. We close with the cross-cutting
pitfalls of paediatric Al, an evaluation framework that fits into a
clinic day (Fig. 2), and the educational and governance implica-
tions for the next five years. The aim of this work is orientation
rather than exhaustive coverage. Once these pages have been
read, the paediatrician should be in a position to scrutinise an Al
claim, to put sharper questions to vendors and editors, and to
judge whether a given tool earns its place in the daily workflow.

SEARCH STRATEGY AND SCOPE

Consistent with a narrative-review design, sources were identi-
fied through PubMed, Scopus, and recent special issues dedica-
ted to Al in paediatrics, with hand-searching of the reference lists
of pivotal reviews. The search window ran from January 2017 to
April 2026, with the final pass completed on April 30, 2026. Wit-
hin this window, the terms “artificial intelligence,” “machine le-
arning,” “deep learning,” “large language models,” and “natural
language processing” were paired with “paediatric/pediatric,”
“child,” “children,” “neonatal,” and selected paediatric subspeci-
alty keywords. Peer-reviewed paediatric studies, regulatory and
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Table 1. Glossary of essential Al terminology for the

Term

Plain-language definition

Artificial intelligence (Al)

Umbrella term for computer systems that perform

tasks usually requiring human cognition.

Machine learning (ML)

A subset of Al in which algorithms improve at a task

through exposure to data.

Deep learning (DL)

ML using multilayer neural networks, especially
powerful with images, signals and text.

Convolutional neural network (CNN)

DL architecture optimised for spatial pattern
recognition in images.

Recurrent / transformer network

DL architectures for sequences and language;
transformers underlie modern LLMs.

Natural language processing (NLP)

Techniques for understanding and generating
human language.

Large language model (LLM)

Generative model trained on massive text;
produces fluent answers and summaries.

Generative Al

Al that creates new content (text, images, audio).

Paediatric example

Al-enabled symptom checkers in primary care.

Predicting hospitalisation risk in paediatric
asthma.

Detecting fractures and pneumonia on chest
radiographs.

Scoliosis quantification; retinopathy of
prematurity grading.

PICU vital-sign streams; ambient clinical scribes.

Extracting child-abuse cues from unstructured
paediatric notes.

Parental education on developmental dysplasia
of the hip.

Reinforcement learning
outcomes.

Federated learning
model updates are shared.

Explainable Al (XAl)
to humans.

Augmented intelligence
replacement.

ethics guidance, and recent reviews addressing clinical imple-
mentation, validation, bias, explainability, and governance were
given priority. We used non-paediatric or non-peer-reviewed
sources for definitional or contextual purposes.

The review is narrative rather than systematic; therefore, no
formal PRISMA flow diagram was prepared, and we did not
attempt a meta-analytic synthesis. Limitations of this approa-
ch are acknowledged: narrative reviews are subject to selecti-
on bias by design. The rapidly moving field implies that some
emerging tools may not yet be reflected in the indexed literatu-
re at the time of writing.

CLINICAL AND RESEARCH IMPLICATIONS
Al Bits, Defined: A 60-Second Taxonomy

Artificial intelligence is a broad term for computer systems that
perform tasks usually tied to human cognition, including pat-
tern recognition, language understanding, and decision support
(1, 6). Within Al, machine learning (ML) denotes algorithms that
improve at a task by learning from data rather than explicit ru-
les. Deep learning (DL) is a subset of ML that uses multilayer ar-
tificial neural networks; convolutional neural networks (CNNs)
handle images well, while transformer-based networks under-
pin modern LLMs and increasingly handle a growing share of

Learning by trial-and-error rewarded for desired

Multi-site training where data stay local and only

Methods that make model reasoning interpretable

Framing Al as a clinician’s assistant rather than a

Drafting discharge summaries; synthetic
paediatric data for teaching.

Closed-loop ventilator weaning in neonatal care.

Pooling rare-disease cohorts across paediatric
centres.

Saliency maps highlighting suspicious regions on
a chest film.

Decision support that flags abnormal newborn
screen patterns.

EHR time series (1, 5, 7). Natural language processing (NLP) is
the family of techniques that enables computers to understand
and generate human language, and it is the motor of clinical
scribes, document summarisation, and chatbots (1, 8).

Two more terms now circulate in everyday clinical talk among
researchers. Generative Al describes systems that produce new
content (text, images, and code) and includes ChatGPT-class
LLMs. Federated learning describes training methods in which
models are updated across several hospitals without raw pa-
tient data leaving each site, a particularly attractive approach
for rare paediatric diseases (4, 9, 10). Figure 1 places these
terms in their nested relationship; Table 1 provides a glossary
intended for daily use, and Figure 2 maps how each of these
technologies enters and exits a paediatric clinical workflow.

Two practical clarifications matter for clinicians. First, what is of-
ten called “Al in medicine” today is, more precisely, augmented
intelligence. As Bhargava and Knake have argued, this software
serves as an assistant to the physician and not as a replacement
for the physician (1, 2). Second, Al tools are narrow in scope. A
model that detects retinopathy of prematurity is not the same as
a model that predicts sepsis, and validation in one task or popu-
lation does not carry over by default to another. This tight scope
is a strength when kept in mind and a danger when forgotten.
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Figure 1. Conceptual taxonomy of artificial intelligence with paediatric examples.
Nested rectangles show that machine learning is a subset of artificial intelligence and deep learning is a subset of machine learning. Selected paediatric exemplars are listed
for each level, including convolutional neural networks for imaging, transformer networks for electronic health record time series and large language models for parental
education and clinical documentation.

Where Al Is Already Useful in Paediatric Practice
Imaging and Dysmorphology

Image interpretation is reported to be the most mature appli-
cation of Al in paediatric medicine (Table 2). In selected narrow
tasks, such as scoliosis quantification, fracture and physical
injury detection, cystic fibrosis scoring on chest radiographs,
identification of tuberculosis and bacterial pneumonia patter-
ns, and automated grading in retinopathy of prematurity and
paediatric cataract, deep CNNs have reported performance
approaching that of paediatric subspecialists, with occasio-
nal reports of overlap under controlled test conditions; such
comparisons depend strongly on the test set, scanner, and
population used (3, 7, 11, 12). In dysmorphology, facial-ima-
ge classifiers can suggest candidate genetic syndromes, such
as trisomy 21, DiGeorge, and Goldenhar syndromes, from a
single photograph, supporting earlier referral in regions with
limited access to medical genetics (4, 7). The major caveats
are that paediatric-specific training data remain scarce relati-
ve to adult datasets and that performance characteristics of-

ten degrade when the Al is exposed to portable radiographs,
different scanners, or a different ethnic distribution than that
on which it was trained (3, 4, 13).

Risk Prediction and the Paediatric Intensive Care Unit

Al-based early warning systems are advancing rapidly in critical
care. Kamaleswaran and colleagues, working with nearly 500
children admitted to a paediatric intensive care unit (PICU),
trained an ML algorithm that flagged severe sepsis up to eight
hours earlier than the conventional electronic health record sc-
reen (3, 14). Even a modest lead time of this size may translate
into earlier antibiotic administration and a measurable reducti-
on in organ failure. Models for clinical deterioration, broncho-
pulmonary dysplasia (BPD) in preterm infants, and paediatric
urinary tract infection (UTI) in febrile children are emerging
from international consortia (5, 15). Closed-loop technology
has also reached the bedside: technology-driven automated
weaning of mechanical ventilation continuously titrates pres-
sure to a clinician-chosen tidal volume target, illustrating how
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an algorithm can perform a structured task tirelessly when su-
pervised (2). Paediatricians should ask whether such tools have
been prospectively validated in a population resembling their
own and how alerts are routed, displayed, and acted upon.

Chronic Disease and Behavioural Health

In asthma, ML has been used to predict hospitalisation risk from
EHRs combined with weather, neighbourhood characteristics,
and community viral load and to forecast the persistence of chil-
dhood asthma into later years (3). Smartphone microphones can
substitute for office spirometry, and inhaler-mounted sensors
fed into algorithms can identify environmental triggers and ad-
herence gaps (3, 16). For autism spectrum disorder, the device
evaluated by Megerian and colleagues, authorised by the United
States Food and Drug Administration, combines caregiver ques-
tionnaires, short home videos, and primary-care input to assist
diagnosis in children aged 18-72 months (3, 17). Such a tool may
shorten a wait that, in many regions, still exceeds four years from
the first parental concern and that falls hardest on girls and on
Black, Latino, or rural children. For attention-deficit/hyperactivity
disorder (ADHD), conduct disorder, and post-traumatic stress
disorder, ML models have shown promise for early screening,
severity quantification, and identification of clinically meaning-
ful subtypes (5, 18, 19). Finally, Al-driven cognitive behavioural
therapy chatbots reduced depressive symptoms in a randomised

Figure 2. The paediatric Al lifecycle: a practical six-step framework for the paediatrician.

The cycle moves from defining the clinical question, through data curation, training and internal validation, external or prospective validation, deployment with human
oversight and continuous post-market monitoring. A feedback loop returns lessons to the question-formulation step. Cross-cutting paediatric considerations should apply
at every stage: consent of minors, family or caregiver assent, developmental change, rare diseases and small samples, equity and data privacy under GDPR and the Turkish

trial in young adults, and their paediatric counterparts are being
studied as bridges across mental health waitlists (3, 20).

Genetics, Rare Disease, and Metabolic Screening

Paediatric Al shines where the data are at their most chal-
lenging: in rare diseases. Al-augmented rapid whole-genome
sequencing has been used to deliver provisional molecular
diagnoses to critically ill neonates within hours rather than
weeks, with measurable changes in management (3, 21). Pat-
tern-recognition systems now help screen for phenylketonuria,
mitochondrial disorders, and other inborn errors of metabolism
without a false-positive penalty, and rare-disease auxiliary diag-
nosis platforms can shortlist candidate disorders from clinical
phenotype data alone (5, 22). A large subset of rare diseases is
hereditary and affects children; for these families, even a mo-
dest reduction in the diagnostic odyssey is meaningful.

Therapeutics, Dosing, and the Operating Room

Paediatric pharmacokinetics are a paradigm case for perso-
nalisation, since size and maturity drive dose far more than
they do in adults. ML-based dosing models have been shown
to outperform conventional approaches for selected antibioti-
cs in children, including ceftaroline, by integrating weight, re-
nal function, and organism susceptibility (5). In peri-operative
care, an Al workflow tool was associated with a reduction in



Table 2. Selected paediatric Al applications by clinic

Domain Representative tasks

Fracture and physical injury detection;
pneumonia and tuberculosis triage; scoliosis

Imaging &

dysmorphology
grading; retinopathy of prematurity; congenital
cataract; syndrome facial recognition.

Critical care & Sepsis, septic shock, BPD, UTI, deterioration
and mortality prediction; closed-loop

ventilation.

deterioration

Chronic disease & Asthma exacerbation and persistence
prediction; smartphone spirometry; autism,

ADHD, depression and PTSD support.

behavioural health

Rare disease &
genetics

Rapid whole-genome diagnosis in NICU/PICU;
phenylketonuria and metabolic screening;
phenotype-based rare-disease shortlisting.

Therapeutics &
workflow

Precision dosing; perioperative opioid
stewardship; ambient documentation; LLM-
based parental education.

opioid administration from 85% of surgeries to <1% in a paedi-
atric surgery centre, with implications for short-term recovery
and long-term opioid exposure (3, 23). Across these examples,
the algorithm augments the prescriber rather than replacing
pharmacological judgment.

Documentation, Communication, and Parental Education

Generative Al—specifically LLMs such as ChatGPT and clinical
equivalents—has shifted from novelty to daily use in only two
years (24, 25). For paediatricians, three categories deserve at-
tention. Ambient clinical documentation tools transcribe and
summarise encounters, returning structured notes for human
review and reducing keyboard time. Patient-facing chatbots can
deliver explanations of paediatric conditions at an acceptable
level of quality. In the comparative study by Li and colleagues,
three contemporary LLMs answered standardised questions
on developmental dysplasia of the hip with accuracy rates of
78-83% on independent specialist scoring, a result that places
these tools as a supplement to, and never a substitute for, pro-
fessional counselling (5, 24). Parents themselves now enter the
consultation having already “consulted” a chatbot; mixed-met-
hods studies of paediatric chronic-disease cohorts show that fa-
milies show greater intention to use clinically curated chatbots
than to use general-purpose LLMs, citing trust, credibility, and
clinician involvement as decisive factors (5, 26). The principal
risks are confident hallucinations, embedded bias, lack of pae-
diatric calibration, and misinformation about vaccines and ot-
her public-health-sensitive topics (8, 25).
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Illustrative tools/studies Maturity*

Mature in narrow
tasks; limited paediatric
external validation.

Paediatric chest-radiograph CNNs; retinal
screening systems; FDNA Face2Gene-type
platforms (3, 7, 11, 12).

Several FDA-cleared
adult tools; paediatric-
specific evidence
emerging.

PICU sepsis ML models with 8-h lead
time; automated ventilator weaning
algorithms (2, 3, 14, 15).

Smartphone-based spirometry;
FDA-authorised Al device for autism
(Canvas Dx); cognitive behavioural
therapy chatbots (3, 17, 18, 20).

Selected products
marketed; broader
evidence still maturing.

Rapid clinical translation
in tertiary centres.

Rapid whole-genome sequencing
pipelines; RDAD systems; ML-based
metabolic newborn-screening models
(3,21, 22).

ML-based ceftaroline dosing; OR Advisor
for opioid reduction; ChatGPT-class LLMs
for parental information (3, 5, 23, 24).

Rapidly evolving; close
human supervision
required.

*: Maturity descriptions are qualitative; AUROC: Area under the receiver operating characteristic curve; BPD: Bronchopulmonary dysplasia; CNN: Convolutional
neural network; FDA: Food and Drug Administration; LLM: Large language model; ML: Machine learning; NICU: Neonatal intensive care unit; PICU: Paediatric
intensive care unit; RDAD: Rare Disease Auxiliary Diagnosis system; UTI: Urinary tract infection.

Al Bits for Paediatricians
Small Samples, Rare Outcomes, and Developmental Change

The defining mathematical fact about paediatric Al is data
scarcity. Rare diseases, rare emergencies, and even common
diseases, when stratified by narrow age bands, quickly produ-
ce datasets too small for confident generalisation (4, 5, 9, 11).
Models trained on adolescents may underperform in toddlers,
and a model trained on toddlers in 2018 may underperform in
toddlers in 2026 because of changes in clinical practice, vac-
cination patterns, or coding habits, a phenomenon known as
dataset shift (5, 9). Multicentre and federated learning approa-
ches help, but no algorithm escapes the requirement for ongo-
ing surveillance after deployment.

Bias, Equity, and “Algorithmic Ageism”

Al faithfully reproduces the patterns on which it is trained, inc-
luding inequities (3, 9, 27). Demonstrated examples in paediat-
rics include diagnostic delays in autism for Black, Latino, female,
and rural children embedded in screening tools and pulse oxi-
metry algorithms that perform less accurately in children with
darker skin (3). The remedy is not to refuse Al but to demand
that vendors document the demographic composition of trai-
ning and validation cohorts, that developers explicitly test for
equity gaps, and that local users monitor performance by su-
bgroup. Children additionally need protection from “algorith-
mic ageism”: tools developed primarily for adults and silently
extrapolated downward without revalidation.
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Table 3. A five-minute appraisal checklist for an Al tc

Domain

Question to ask

Clinical question

Training data

Validation

Bias and equity

Workflow integration

Explainability

Privacy and consent

Post-deployment governance

Evidence base

Regulatory status

What exact decision will this Al improve, in which age group
and at what stage of care?

How many paediatric cases were used? What is the age, sex,
ethnicity, comorbidity and site distribution?

Was external or prospective paediatric validation performed?
What are AUROC, calibration and subgroup performance?
Has fairness been audited across race, sex, language, disability
and socioeconomic strata?

How is the output displayed, who can override it and what is
the expected alert burden?

Can you understand, at the case level, why the model
produced a given output?

Where do paediatric data flow? How is consent of the minor
and family handled?

Who monitors performance drift, equity and adverse events
after go-live?

Are peer-reviewed trials available with patient-oriented
outcomes, ideally aligned with CONSORT-AI / TRIPOD-AI?

Is the tool authorised for the intended paediatric use by FDA,
MHRA, EMA, or the Turkish Medicines and Medical Devices
Agency?

Red flag if...

Vendor describes a generic “platform” with
no specific decision target.

Training was adult-only or single-centre; no
demographic breakdown is provided.
Performance reported only on the training/
test split from one institution.

No equity analysis; minority subgroups
under-represented or unreported.
“Always-on” alerts with no override
pathway and unclear ownership.

Pure black box with no XAl layer or
rationale.

Data leave the institution to a vendor cloud
without clear safeguards.

No defined owner, dashboard, or audit
cadence.

Only conference abstracts, vendor white
papers, or in-silico claims.

Marketed as “CE-marked” only for adults
but offered for paediatric care.

Al: Artificial intelligence; AUROC: Area under the receiver operating characteristic curve; CE: Conformité Européenne; CONSORT-AI: Consolidated Standards of
Reporting Trials extension for Al; EMA: European Medicines Agency; FDA: Food and Drug Administration; MHRA: Medicines and Healthcare products Regulatory

The Black Box, Hallucinations, and Explainability

Many high-performing models, especially deep neural networks
and LLMs, do not transparently disclose how they reach a conclu-
sion. Saliency maps, counterfactual explanations, and rule extrac-
tion, collectively known as explainable Al (XAl), partially address
this, but a clinician should never feel compelled to act on an output
whose logic is opaque and that contradicts their clinical reasoning
(5, 9). LLMs additionally produce hallucinations: smooth-sounding
statements that are factually wrong, at times including fabricated
references. Therefore, the clinical use of LLMs requires both hu-
man verification of factual claims and institutional policies that
limit their unsupervised role in patient care (8, 25).

Privacy, Consent, and the Special Status of the Child

Children cannot meaningfully consent to the long-term reuse
of their data, but the consequences of such reuse may follow
them into adulthood. Several frameworks set out the basic righ-
ts that apply here: the European Union General Data Protection
Regulation (GDPR), the EU Al Act, and Turkiye’s Personal Data
Protection Law (KVKK) (4, 28, 29). Among these rights, the right
to erasure of personal data carries even greater weight when
the data belong to a child. In Tirkiye, the secondary regulati-
on on the deletion, destruction, and anonymisation of personal
data operationalises these rights and is directly relevant to pa-

Agency; TRIPOD-AI: Transparent Reporting of a multivariable prediction model for Individual Prognosis or Diagnosis extension for Al; XAl: Explainable Al.

ediatric data stewardship (29). Genetic, behavioural, and image
data deserve heightened protection. Paediatricians act as cus-
todians of paediatric data until the child grows into adult auto-
nomy; this responsibility must be reflected in informed consent
processes for any Al-related research or clinical use.

Regulatory and Clinical Maturity

More than 1000 Al-enabled medical devices have been authori-
sed by the FDA according to the agency’s public list, but the gre-
at majority were cleared for adult use, and few have undergone
prospective paediatric trials with patient-oriented outcomes (3,
4, 30). Existing regulatory pathways were not built for self-up-
dating algorithms; the FDA’s proposed predetermined change
control plans illustrate one direction, but local hospitals will still
need clear governance structures, including model registries,
performance dashboards, and incident reporting. The cautio-
nary tale of an early symptom-checker chatbot that overstated
its diagnostic accuracy in paediatric scenarios underlines the
cost of premature commercialisation (5, 31).

HOW TO READ AN Al CLAIM IN FIVE STEPS

When confronted with a new Al tool, the paediatrician can run
a five-step check that follows the same line of thinking used
for any new test. To begin with, what is the exact clinical ques-



tion and target population, including age stratum? Second, on
what data was the model trained, and is the demographic and
developmental composition close to that of the local populati-
on? Third, has external or prospective validation been carried
out in a paediatric cohort? If yes, how is performance reported:
sensitivity, specificity, area under the receiver operating charac-
teristic curve, calibration, and, where relevant, the results of fa-
irness audits? Fourth, how does the tool integrate into the EHR
and workflow, who acts on its outputs, and what is the alert
burden? Fifth, what is the post-deployment monitoring plan
for drift and harm? These five questions, summarised in Table
3, are deliberately compatible with a busy clinic schedule and
align with the paediatric Al lifecycle shown in Figure 2.

In clinical research, the same logic applies during peer review
and editorial work. Reporting standards such as STARD-AI, CON-
SORT-AIl, SPIRIT-Al, TRIPOD-AI, and DECIDE-AI offer structured
checklists; familiarity with these instruments allows paediatri-
cians to comment on Al manuscripts even without a computer
science background (4, 9, 31).

EDUCATION, GOVERNANCE, AND THE NEXT
FIVE YEARS

Surveys consistently find that paediatric trainees and faculty re-
port low confidence in Al literacy, despite high enthusiasm for
its potential (3, 4, 32). Curriculum proposals such as MEd2030
explicitly add modules on biomedical informatics and Al, trans-
disciplinary collaboration, and the ethics of digital therapeuti-
cs; incremental local steps include adding Al critical appraisal
sessions to journal clubs, requiring Al tool review as part of
new-technology committees, and pairing each Al deployment
with an outcome audit at six and twelve months (3, 32). At the
institutional level, governance committees should include not
only clinicians and informaticians but also patient and family
representatives, ethicists, and equity champions (4, 5).

In Turkiye and the broader region, several near-term priorities
are visible. Paediatric-specific reference datasets are scarce in
Turkish-speaking populations and ought to be developed throu-
gh multicentre collaboration. Local validation of imported algo-
rithms should become the rule rather than the exception. The
case is sharpest for radiology, ophthalmology, and growth-as-
sessment tools, whose performance shifts with the acquisition
hardware and the reference norms in use. Family-facing LLM
use in vaccine counselling, infant nutrition, and adolescent
mental health needs Turkish-language quality benchmarks. Fi-
nally, residency training programmes would benefit from a defi-
ned Al core competency, articulated within existing paediatrics
curricula and assessed through structured cases.

CONCLUSIONS

Alis no longer a future technology in paediatrics; it is a present,
uneven, and consequential reality. The most important shift
required of the paediatrician is conceptual rather than techni-
cal: to read Al as augmented intelligence, narrow in scope and
dependent on the quality of the data and labels behind it. The
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next shift is practical. We must apply the same disciplined ques-
tions to an algorithm that we already apply to a new diagnostic
test or a new therapeutic approach: paediatric validation, equ-
ity audits, transparent reasoning, and clear post-deployment
governance. The final shift is collective: to engage early with
the design, evaluation, and regulation of paediatric Al so that
algorithms come to reflect the realities of children’s develop-
ment, family context, and lifelong stakes. Paediatricians who do
this will not merely use Al; they will shape it.
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ABSTRACT

Objective: Delayed puberty is a common condition with diverse causes, ranging from benign developmental delays to
permanent hypogonadism. Accurate and timely diagnosis is essential to safeguard growth, psychosocial well-being, and
fertility. This study aimed to identify the etiological distribution and diagnostic characteristics of patients diagnosed with
delayed puberty at a pediatric endocrinology clinic.

Material and Methods: We retrospectively analyzed data from 180 patients diagnosed with delayed puberty at the
Pediatric Endocrinology Clinic of Ankara Child Health and Diseases Hematology-Oncology Training and Research Hospital
between 2005 and 2012. The parameters reviewed included chronological age, bone age, growth metrics, clinical findings,
family history, and basal/stimulated gonadotropin levels. Patients were categorized into four main diagnostic groups:
hypogonadotropic hypogonadism (HypoH), hypergonadotropic hypogonadism (HyperH), functional hypogonadotropic
hypogonadism (FHH), and constitutional delay of puberty (CDP).

Results: Participants were aged 13—18 years. All diagnostic groups showed delayed bone age compared with chronological
age, especially in the hypogonadotropic hypogonadism group. Height and BMI were reduced across groups, indicating
impaired growth due to pubertal delay. Cases of constitutional delay of puberty often had a positive family history.
Hypogonadotropic hypogonadism was the most common etiology in both sexes. Gonadotropin levels played a key role
in the differential diagnosis. Benign causes were more prevalent in boys, whereas serious or permanent etiologies were
more frequent in girls. Chromosomal analysis was necessary in selected cases.

Conclusion: This study highlights the clinical and etiological diversity among 180 cases of delayed puberty caused by 46
distinct conditions. Thorough history-taking, physical examination, bone age assessment, and hormonal evaluation are vital
for accurate diagnosis. Prompt referral to pediatric endocrinology is crucial to prevent diagnostic and therapeutic delays.

Keywords: Delayed puberty; etiology; hypogonadism.
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Uclincti basamak bir cocuk hastanesinin pediatrik endokrinoloji
polikliniginde gecikmis ergenlik vakalarinin etiyolojik dagilimi

OzZET

Amag: Ergenlik gecikmesi, iyi huylu gelisimsel gecikmelerden kalici hipogonadizme kadar ¢esitli nedenlerle ortaya ¢ikabilen yaygin bir durumdur. Biyime,
psikososyal iyilik hali ve dogurganligin korunmasi igin dogru ve zamaninda tani sarttir. Bu ¢alisma, bir cocuk endokrinoloji kliniginde ergenlik gecikmesi
tanisi konulan hastalarin etiyolojik dagilimini ve tanisal 6zelliklerini belirlemeyi amaglamaktadir.

Gereg ve Yontemler: Ankara Cocuk Sagligi ve Hastaliklari Hematoloji-Onkoloji Egitim ve Arastirma Hastanesi Cocuk Endokrinoloji Klinigi’'nde 2005-2012
yillari arasinda ergenlik gecikmesi tanisi konulan 180 hastanin verileri retrospektif olarak analiz edildi. incelenen parametreler arasinda kronolojik yas,
kemik yasi, biytme olgtimleri, klinik bulgular, aile 6ykisi ve bazal/uyarilmis gonadotropin dizeyleri yer aldi. Hastalar dért ana tani grubuna ayrildi:
hipogonadotropik hipogonadizm (HypoH), hipergonadotropik hipogonadizm (HyperH), fonksiyonel hipogonadotropik hipogonadizm (FHH) ve
konstitlisyonel ergenlik gecikmesi (CDP).

Bulgular: Katilimcilar 13-18 yas araligindaydi. Tum tani gruplarinda, 6zellikle hipogonadotropik hipogonadizm grubunda, takvim yasina kiyasla kemik
yasinda gecikme goriildii. Boy ve BKi tiim gruplarda azalmisti ve bu durum pubertal gecikmeye bagl biiyiime bozuklugunu gésteriyordu. Konstitiisyonel
ergenlik gecikmesi vakalarinda genellikle pozitif aile oykist vardi. Her iki cinsiyette de en sik gorilen etiyoloji hipogonadotropik hipogonadizmdi.
Gonadotropin diizeyleri ayirici tanida énemli bir rol oynadi. iyi huylu nedenler erkeklerde daha yayginken, kizlarda ciddi veya kalici etiyolojiler daha sik
gorilda. Segilmis vakalarda kromozom analizi gerekliydi.

Tartigma: Bu c¢alisma, 46 farkli duruma bagli 180 ergenlik gecikmesi vakasindaki klinik ve etiyolojik gesitliligi ortaya koymaktadir. Dogru tani igin kapsamli
oykd, fizik muayene, kemik yasi degerlendirmesi ve hormonal degerlendirme hayati 6nem tagimaktadir. Tani ve tedavi gecikmelerini 6nlemek igin pediatrik

endokrinolojiye derhal sevk edilmesi ¢cok 6nemlidir.

Anahtar Kelimeler: Ergenlik gecikmesi; etiyoloji; hipogonadizm.
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INTRODUCTION

Puberty is a dynamic biological process marked by sexual and
physical maturation and is influenced by genetic, environmental,
nutritional, and socioeconomic factors. Delays in this process
may result from individual variability or interactions among
these factors (1).

In cases of suspected delayed puberty (DP), the primary clinical
goal is to differentiate between physiological variants, in which
growth and puberty are naturally slower, and pathological
causes, in which the normal mechanisms triggering puberty
are disrupted. Accurate diagnosis relies on anthropometric
assessments, genital examination, and evaluation of secondary
sexual characteristics and their progression over time (2).

Timely diagnosis and treatment are essential for supporting normal
physical development, safeguarding psychosocial well-being, and
preserving reproductive potential. Identifying the underlying
causes and their distribution is key to guiding clinical evaluation,
selecting appropriate tests, and making differential diagnoses (3).

This study aimed to identify etiological factors in patients

presenting with DP at a tertiary care center, determine the
distribution of diagnostic categories, and compare these

groups based on clinical and laboratory findings. The findings
are expected to contribute to a better clinical understanding
of DP and improve diagnostic and management strategies for
affected individuals.

MATERIAL AND METHODS
Study Population and Diagnostic Criteria

This retrospective observational study evaluated 180 patients
(91 boys and 89 girls) diagnosed with DP who presented to the
Pediatric Endocrinology Clinic at Ankara Children’s Health and
Diseases Hematology-Oncology Training and Research Hospital
between December 1, 2005, and December 31, 2012. DP was
defined using standard criteria: absence of breast development
by age 13 years in girls and failure of testicular volume to reach
4 mL by age 14 years in boys.

Clinical Assessment and Anthropometry

Patients’ medical histories were reviewed for prenatal and
postnatal complications, birth weight, onset of pubertal delay,
history of chronic illness, surgeries, medications, and nutritional
habits. Family history of DP was also noted. Height was measured
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using an AYRTON stadiometer and weight with a SECA® digital
scale. Growth data were assessed using reference standards
developed for Turkish children by Bundak et al. (4) Cases
lacking adequate archival data for evaluation were excluded.
Tanner-Marshall staging (5, 6) was used for pubertal evaluation,
and bone age was assessed using the Greulich-Pyle atlas (7).

Laboratory Evaluations

Complete blood counts were performed using a Beckman
Coulter Gen S analyzer. Biochemical parameters were measured
with a Roche Hitachi Modular P800 using spectrophotometry.
Screening for celiac disease included IgG and IgA anti-tTG
antibodies analyzed via ELISA. Positive cases underwent
stomach-duodenum biopsy for confirmation.

Hormonal Assays

Hormonal evaluations included thyroid function tests,
insulin-like growth factor-I (IGF-l), IGF binding protein-3
(IGFBP-3), basal luteinizing hormone (LH), follicle-stimulating
hormone (FSH), sex steroids (estrogen/testosterone), prolactin,
cortisol, and dehydroepiandrosterone sulfate (DHEA-S). These
were analyzed using electrochemiluminescence on an Immulite
2000 autoanalyzer.

Patients without chronic illness, medication use, or nutritional
deficiency and with low basal gonadotropin levels underwent a
gonadotropin-releasing hormone (GnRH) stimulation test.

CDP was diagnosed in patients with bone age (BA) consistent
with height but delayed relative to chronological age (CA), with
no underlying chronic disease or endocrinopathy.

LHRH Stimulation Test: Initial blood samples were obtained for
basal LH, FSH, and estrogen (E2) or total testosterone (TT). An
intravenous LHRH dose of 60 mcg/m? (maximum 100 mcg/m?)
was administered, and blood samples were collected at 30, 60,
and 90 minutes after injection to assess stimulated hormone
levels (8). Patients with a peak LH response <5 ng/mLand findings
inconsistent with constitutional delay of puberty (CDP) were
diagnosed with hypogonadotropic hypogonadism (HypoH).
Although newer studies have proposed different thresholds,
this cutoff was selected in accordance with the methodology
applied during the study period. Chromosomal analysis was
performed in patients with severe short stature, dysmorphic
features, or clinical suspicion of chromosomal disorders, such
as Turner syndrome or disorders of sex development.

Growth Hormone Testing: In patients with suspected
hypopituitarism and marked short stature, growth hormone
(GH) stimulation tests were performed using L-DOPA or
clonidine following testosterone priming (100 mg IM) (9).

Clonidine Test: A baseline sample was obtained, followed by
150 mcg/m? oral clonidine. Samples were collected at 30, 60,
90, and 120 minutes (9).

L-DOPA Test: L-DOPA was administered orally at 10 mg/kg
(maximum 500 mg), and samples were collected at the same
intervals. GH deficiency was diagnosed if peak levels were
insufficient (9).
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Radiological and Additional Evaluations

Patients with HypoH underwent pituitary MRI. Elevated basal
FSH and LH levels indicated hypergonadotropic hypogonadism
(HyperH).

The differentiation between constitutional delay of puberty
(CDP), functional hypogonadotropic hypogonadism (FHH), and
permanent hypogonadotropic hypogonadism (HypoH) was
based on a combination of clinical, auxological, and biochemical
parameters. These included bone age delay relative to
chronological age, family history of delayed puberty, presence
of chronic illness or nutritional deficiency, and response to
GnRH stimulation testing. CDP was considered in patients with
delayed bone age consistent with height, positive family history,
and a pubertal response to GnRH stimulation, whereas HypoH
was diagnosed in patients with persistently low gonadotropin
responses and no evidence of reversible underlying conditions.

Patients with chronic illness or malnutrition but no permanent
hypothalamicor pituitary damage were classified under functional
hypogonadotropic hypogonadism (FHH). Malnutrition-related
DP was diagnosed in individuals below the 10™ percentile for
weight-for-height and with documented nutritional deficiencies.

Nutritional and Hematological Causes

Iron Deficiency Anemia: Diagnosed in patients with low
hemoglobin and hematocrit levels, microcytic indices, and
elevated red cell distribution width (10).

Macrocytic Anemia: Diagnosed based on high mean
corpuscular volume, low vitamin B12 and folate levels, and low
hematological parameters (10).

Tayang-Prasad Syndrome: Diagnosed in patients with growth
retardation, hepatosplenomegaly, iron/zinc deficiency, and DP.
These patients improved following supplementation (11).

Genetic and Structural Diagnoses: Two patients were diagnosed
with Turner syndrome through karyotype analysis, prompted
by severe short stature and the absence of elevated basal
gonadotropin levels. Additional patients with abnormal LHRH
responses (stimulated LH >5 ng/mL but low baseline levels) and
abnormal pituitary imaging findings, such as microadenoma or
partial empty sella, were categorized as unclassifiable.

An otolaryngologist evaluated cases of hypopituitarism for
anosmia.

For analytical purposes, patients were categorized into four main
diagnostic groups: hypogonadotropic hypogonadism (HypoH),
hypergonadotropic  hypogonadism (HyperH), functional
hypogonadotropic hypogonadism (FHH), and constitutional
delay of puberty (CDP).

Statistical Analysis

Data were analyzed using SPSS for Windows, version 16.0.
Continuous variables were expressed as meantstandard
deviation (min—-max). Group comparisons for continuous
variables were performed using Student’s t-test for two groups
or one-way ANOVA with LSD post hoc test for multiple groups.
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Table 1. Gender differences in cases of delayed pub

Girls (n=89)
Height SDS? -2.4+1.9 (-6.7-2.1)
BMI SDS° -0.95+1.85 (-4.9-3.7)
Weight SDS? -2.142.3 (-6.3-3.8)
Pubic hair® 44.9%
Axillary hair® 41.6%
Parental history® 8(9)
Sibling history® 16 (18)
CDP® n (%) 15 (16.9)
FHH® n (%) 20 (22.5)
HypoH® n (%) 29 (32.6)
HyperH® n (%) 23 (25.8)

For non-normally distributed data, the Kruskal-Wallis test was
used. Categorical data were compared using the chi-squared
test. For pairwise comparisons of non-normally distributed
variables between two groups, the Mann—Whitney U test was
used. A p-value <0.05 was considered statistically significant.

Ethical Approval

This study was derived from a pediatric residency thesis and
represents a retrospective analysis of data collected in 2013
at Ankara Children’s Health and Diseases Hematology and
Oncology Training and Research Hospital. The study was
conducted in accordance with the principles of the Declaration
of Helsinki and was approved by the local ethics committee.

RESULTS

The following results were obtained from the evaluation of 180
cases. Of these cases, 50.6% were male (n=91).

The mean CA was 14.5+1.2 (13-18) years, and the median BA
was 12+1.5 (9.5-18) years. The mean difference between CA
and BA (CA-BA) was 2.4+2.2 (-3.8+7.0) (p<0.05).

Although the difference in CA between male and female cases
was significant (p<0.05), the differences in BA and ACA-BA
values were not significant (p>0.05).

A significant difference in ACA-BA was found in the comparison
between HypoH and HyperH (p<0.05). Among female cases, a
significant difference in ACA-BA was observed between HypoH
and HyperH, as well as between HypoH and FHH (p<0.05).
Among FHH cases, the difference in ACA-BA between female
and male cases was significant (p<0.05).

Pubic hair was present in 36.1% of cases. The prevalence of
pubic hair was significantly higher in girls than in boys (p<0.05).
However, no significant difference was found in axillary hair
between the two groups (p>0.05).
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Boys (n=91) p

-2.5%1.6 (-7.3-1.5) 0.600
-1.0142.1 (-8.2-2.6) 0.800
-2.142.2 (-9.8-2.5) 0.800
27.5% 0.015
36.3% 0.560

24 (26.4) 0.002
3(3.3) 0.001
31(34.1) <0.05

18 (19.8) >0.05
32(35.2) >0.05
9(9.9) <0.05

a: Results are presented as the meanzstandard deviation (minimum—maximum); b: Results are given as percentages; CDP: Constitutional delay of puberty; FHH:
Functional hypogonadotropic hypogonadism; HyperH: Hypergonadotropic hypogonadism; HypoH: Hypogonadotropic hypogonadism.

A history of DP was present in at least one parent in 17.8% of
cases and in at least one sibling in 10.6% of cases. The history of
DP among parents and siblings differed significantly by sex and
diagnostic group (p<0.05).

We categorized cases into four groups based on DP etiology.
The most common diagnosis was HypoH. Hypogonadotropic
hypogonadism and FHH occurred at similar rates in both sexes.
Hypergonadotropic hypogonadism was more common in girls,
whereas CDP was more frequent in boys. Table 1 presents the
characteristics by sex, and Table 2 presents the characteristics
by diagnostic group.

A total of 46 diagnostic subgroups were identified. Tables 3,
4, and 5 show the subgroup distributions for HypoH, HyperH,
and FHH, respectively. Idiopathic HypoH was the most frequent
subgroup and was more common in males.

Of all cases, patients with HypoH presented latest. The CA of
the HypoH group differed from that of the CDP group (p=0.003).
Patients with HyperH were found to have a BA that was older
than that of patients with CDP (p=0.026). There was no
difference in BA between the other groups.

IGF-1 showed better SDS values in the HyperH group than in
the other three diagnostic groups (p<0.05). IGFBP-3 SDS values
differed significantly between the HyperH and HypoH groups
(p=0.026). However, there was no significant difference in BMI
SDS among the diagnostic groups (p>0.05).

The HyperH group had significantly higher basal LH and FSH
values than the other groups (p<0.0001). The CDP and FHH
groups exhibited a pubertal LHRH response. The HypoH group
had a significantly lower peak LH response than the other
groups (p<0.0001). The CDP group had a significantly higher LH
peak than the FHH group (p=0.009).

In males, chronological age and peak LH levels differed
significantly between the HypoH and CDP groups (p=0.019 and
p=0.0001, respectively).
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Table 2. Differences between diagnostic groups

cbP HypoH FHH HyperH
ATY-KY (years)
All cases® 2.3+0.9 2.9%1.5 2.3+1.7 2.0£1.5
Girls® 2.3+0.7 3.1+1.5 1.5+1.5 2.1+1.4
Boys® 2.3+1.01 2.7+1.6 3.1+1.6 1.8+1.9
Parental history®  47.8%* 11.5% 5.3% 3.1%
Sibling history® 4.3% 13.1% 7.9% 18.8%*

a: Results are presented as the meantstandard deviation (minimum-—
maximum); b: Results are given as percentages; *: A parental history
was more frequent in CDP cases, whereas a sibling history was more
frequent in HyperH cases. CDP: Constitutional delay of puberty; FHH:
Functional hypogonadotropic hypogonadism; HyperH: Hypergonadotropic
hypogonadism; HypoH: Hypogonadotropic hypogonadism.

Table 3. Diagnosis subgroups of hypogonadotrophic

hypogonadism

All cases Girls Boys
Idiopathic hypoH 18(29.5) 4(13.7) 14(44.2)
Panhypopituitarism 10 (16.6) 8(27.5) 2(6.2)
Thalassemia major 7(11.5) 3(10.3) 4(12.5)
Pituitary microadenoma 6(9.8) 5(17.2) 1(3.1)
Craniopharyngeoma 5(8.2) 3(10.3) 2(6.2)
Syndromic cases? 3(4.9) 3(9.2)
Empty sella 2(3.3) 2(7)
Partially empty sella 2 (3.3) 2(6.2)
Head trauma 2(3.3) 1(3.5) 1(3.1)
Chemotherapy 1(1.6) 1(3.1)
Hypoxic ischemic 1(1.6) 1(3.1)
encephalopathy
Hypophysitis 1(1.6) 1(3.1)
Pars intermedia cyst 1(1.6) 1(3.5)
Severe iron deficiency anemia 1(1.6) 1(3.5)
Ovarian dysgenesis and pituitary 1(1.6) 1(3.5)
hypoplasia
Total 61(100) 29(100) 32 (100)
a: Bardet Biedl Syndrome, Lesch-Nyhan Syndrome, Nail Patella Syndrome
Results are given as number of cases (%)

There was a significant difference between the HypoH and
FHH groups in terms of IGF-1 SDS (p=0.016) and peak LH levels
(p=0.028).

There was a significant difference between the FHH and HyperH
groups in terms of bone age (p=0.042).

There was a significant difference between the FHH and CDP
groups in terms of IGFBP-3 SDS (p=0.038) and peak LH levels
(p=0.0001).

Table 4. Diagnosis subgroups of hypergonadotrophic

hypogonadism

All cases Girls Boys

Sexual differentiation defects 12 (37.7) 11(47.8) 1(11.1)
Turner syndrome 7 (21.8) 7 (30.4)

Klinefelter syndrome 2 (6.25) 2(22.2)
Ovarian dysgenesis 2 (6.25) 2(8.7)

Bone marrow transplantation 2 (6.25) 2(8.7)

Testicular atrophy 2 (6.25) 2(22.2)
Radiotherapy 1(3.1) 1(11.1)
Testicular rest tumor 1(3.2) 1(11.1)
Vanishing testis 1(3.1) 1(11.1)
Anorexia nervosa 1(3.1) 1(4.4)
Mitochondrial disease 1(3.1) 1(11.1)
Total 32(100)  23(100) 9 (100)
Results are given as number of cases (%).

Table 5. Diagnosis subgroups of functional

hypogonadotrophic hypogonadism

All cases Girls Boys

Obesity 6 (16) 2(10) 4(22.3)
Celiac disease 3(7.9) 3(15)
Thalassemia major 3(7.9) 2 (10) 1(5.55)
Malnutrition 3(7.9) 1(5) 2(11.1)
Familial Mediterranean fever 3(7.9) 2 (10) 1(5.55)
Diabetes mellitus (Type 1) 2 (5.3) 2 (10)

Tayang Prasad syndrome 2 (5.3) 1(5) 1(5.55)
Immunodeficiency 3(7.9) 1(5) 2(11.1)
Bronchiectasis 2(5.3) 2(11.1)
Profound iron deficiency anemia 1(2.6) 1(5)

Asthma 1(2.6) 1(5)

Adrenal insufficiency 1(2.6) 1(5)
Inflammatory bowel disease 1(2.6) 1(5.55)
Chronic renal failure 1(2.6) 1(5)

Nephrotic syndrome 1(2.6) 1(5.55)
Autoimmune thyroiditis 1(2.6) 1(5)
Cardiomyopathy 1(2.6) 1(5.55)
Renal tubular acidosis 1(2.6) 1(5.55)
Mitochondrial disease 1(2.6) 1(5.55)
Hypothyroidism 1(2.6) 1(5)

Total 38(100) 20(100) 18 (100)
Results are given as number of cases (%).
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With the exception of the HyperH group, there were no
significant differences in BMI SDS or basal LH or FSH values
between the diagnostic groups (p>0.05).

In females, significant differences were found between the
HypoH and CDP cases in terms of BA (p=0.007), IGFBP-3 SDS
(p=0.038), and peak LH values (p=0.0001).

Significant differences were observed between the HypoH
and FHH groups in terms of IGF-1 SDS (p=0.025), IGFBP-3 SDS
(p=0.015), and peak LH values (p=0.0001).

CA and BA were significantly lower in the CDP group than in the
HyperH group (p=0.038 and p=0.019, respectively).

BA was significantly lower in the CDP group than in the FHH
group (p=0.022).

DISCUSSION

Our study represents one of the largest DP case series in the
literature (12-14), comprising a retrospective analysis of 180
patients who presented to our pediatric endocrinology clinic
over a seven-year period. These cases were classified into 46
different diagnostic subgroups, allowing for a comprehensive
evaluation of the wide range of etiological factors underlying DP.

The mean age at presentation was 14.5 years, with a significant
sex-based difference: boys presented later than girls, a finding
consistent with previous studies (12, 13). This highlights the
importance of assessing testicular volume during routine
pediatric evaluations, as early detection of pubertal onset in
boys may otherwise be overlooked.

Among female patients, the mean age at presentation was 14
years, and approximately half had pubic hair. This may have led
to misinterpretation by families, who could have assumed that
pubertal development had already begun. However, in girls,
pubic and axillary hair growth is primarily driven by adrenal
androgens and does not necessarily indicate pubertal activation
(2, 15). In contrast, pubic hair development in boys is typically
linked to increased testicular volume and mediated by testicular
androgens (15). The lower prevalence of pubic hair among male
patients in our cohort may therefore reflect a deficiency in
these androgens.

Across all diagnostic groups, bone age (BA) was delayed
relative to chronological age (CA). The difference between CA
and BA (ACA-BA) is a standard parameter for assessing bone
maturation delay (13). Although no significant sex-based
differences were observed in ACA-BA values, the greatest delay
was noted in patients with hypogonadotropic hypogonadism
(HypoH), particularly those with panhypopituitarism. In this
subgroup, in addition to sex steroid deficiency, patients also
exhibited deficits in thyroid hormone and growth hormone.
They were also older at the time of presentation, suggesting
that prolonged and profound hormone deficiencies contributed
to the greater skeletal maturation delay observed.

Conversely, the most advanced BA was seen in the
hypergonadotropic hypogonadism (HyperH) group. This
is expected, as most HyperH cases are syndromic, and in
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such patients, CA and BA typically progress in parallel (13).
Additionally, these individuals often maintain normal thyroid
and growth hormone function, which may help preserve BA
progression.

The role of estrogen in bone maturation, particularly in
its biphasic effects on epiphyseal growth plates, is well
documented. In girls with DP, estrogen deficiency can result in
delayed BA and decreased growth velocity by altering growth
hormone responsiveness (1). Although previous research has
suggested that BA delay is often more pronounced in girls than
in boys, our study did not find significant sex-based differences in
BA, height SDS, weight SDS, or BMI SDS. These findings suggest
that sex-specific effects of DP may not always be evident and
could vary depending on population characteristics. Moreover,
the impact of DP on growth is likely influenced by multiple
hormonal and environmental factors.

A positive family history of DP was identified in 17.8% of parents
and 10.6% of siblings. In the CDP group, parental history was
particularly common (47.8%), whereas in the HyperH group,
sibling history was more frequent (18.8%). Parental history
was more often reported in male patients, whereas sibling
history predominated among females. This may be due to the
higher prevalence of HyperH among female cases, a condition
that can be genetically transmitted, such as primary ovarian
insufficiency, and can manifest similarly among siblings (16).
On the other hand, the high prevalence of CDP among males,
which is often inherited in an autosomal dominant fashion, may
explain the increased parental history in this group (17).

Basal gonadotropin levels were central to diagnostic
classification (18). The highest LH and FSH levels were observed
in the HyperH group, whereas the lowest levels were found in
the HypoH group. When basal levels were inconclusive, the
LHRH stimulation test provided critical diagnostic clarity (9). A
pubertal LH response was observed in the CDP and FHH groups,
whereas the HypoH group had significantly blunted responses.
Notably, patients with CDP had higher peak LH levels compared
with the FHH group, a distinction that can aid in differentiating
these conditions (15).

Although CDP is often cited as the most common cause of DP
in both sexes (1, 2), our study found that HypoH was the most
frequently diagnosed etiology. This likely reflects the referral
nature of our tertiary care setting, which tends to receive
more complex or pathological cases. CDP was the second
most common diagnosis. HyperH, although the least frequent
overall, was the second most prevalent diagnosis among
female patients. Within the HyperH group, disorders of sex
development (DSD) and Turner syndrome were predominant.
Among males, CDP was the second most frequent cause.
This distribution aligns with previous studies suggesting that
pathological causes are more common among girls, whereas
benign etiologies, such as CDP, are more typical in boys (12, 13).

Similarly, Galal et al., (14) in a 15-year retrospective analysis
conducted at a tertiary center in Sudan, also identified HypoH
and FHH as the most prevalent etiologies. They emphasized
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the influence of socioeconomic status, nutritional factors, and
genetic background, including high rates of consanguinity, on
the distribution of DP causes.

A total of 46 distinct etiologies for DP were identified in our
study. The most common was idiopathic hypogonadotropic
hypogonadism (IHH). All patients with IHH were screened for
anosmia, and those with suspicious findings were referred for
otolaryngology evaluation. No cases of anosmia were confirmed.
It is worth noting that, during the study period, genetic and
molecular diagnostics were not widely available. Since then,
advances in these technologies have allowed for more accurate
identification of underlying causes in IHH cases (19).

Mean BMI SDS values were low across our cohort, indicating
that body weight, like height, is negatively affected in patients
with DP. No significant differences in BMI SDS were observed
between diagnostic groups or sexes. In boys, decreased IGF-
1 levels were particularly noted in the FHH group, suggesting
that chronic illnesses may induce secondary growth hormone
resistance. Among females, both IGF-1 and IGFBP-3 levels were
significantly lower in the HypoH group compared with the
FHH and HyperH groups. Many of these HypoH cases involved
panhypopituitarism, and combined deficiencies of thyroid and
growth hormones likely contributed to the observed reductions
in IGF-1 and IGFBP-3.

Basal LH and FSH levels were diagnostically elevated in
patients with HyperH, while remaining low in the other groups.
However, before BA reaches approximately 12 years, when the
hypothalamic-pituitary-gonadal (HPG) axis typically activates,
it can be difficult to distinguish between CDP and HypoH
(2, 3). In such cases, stimulated LH values following LHRH
administration offer important diagnostic insight (8). In our
CDP group, stimulated LH reached pubertal levels, and patients
generally developed secondary sexual characteristics either
spontaneously or after short-term sex steroid therapy. The
subsequent rise in endogenous sex hormones after treatment
cessation served as an indicator of ongoing gonadal function.

In patients with FHH, pubertal development sometimes
commenced after treatment of the underlying chronic illness
and temporary sex steroid administration, indicating the
potential for endogenous activation. In contrast, patients
in the HypoH group had persistently low LH levels both at
baseline and after stimulation, necessitating lifelong hormone
replacement due to permanent gonadotropin deficiency (2, 20).
Distinguishing between CDP and HypoH is therefore essential
for clinical decision-making (20).

Among female patients, HypoH and HyperH were the most
frequent causes of DP, whereas CDP was the least common,
consistent with findings in the literature (1, 2, 13). The higher
prevalence of pathological etiologies in girls supports the
need for thorough diagnostic workup and, where appropriate,
chromosomal analysis. In our study, 18 of 22 female patients
with HyperH (81.8%) had either DSD or Turner syndrome. These
patients exhibited more advanced BA and higher IGF-1 and
IGFBP-3 levels compared with the other groups, likely due to
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relatively normal growth hormone function and the presence of
androgen excess, which is known to stimulate bone maturation.

Given our hospital’s status as a tertiary referral center, the
high number of patients and prevalence of complex conditions
likely contributed to the predominance of permanent and
functional hypogonadotropic causes in our cohort. IHH was
the most commonly diagnosed condition, yet the lack of
genetic testing during the study period limited our ability to
differentiate between congenital and acquired forms (21).
This constitutes a major limitation of the study. Future genetic
research will enhance diagnostic precision and facilitate the
early identification of at-risk family members.

Differentiating CDP from permanent HypoH remains a
well-recognized clinical challenge, particularly in early
adolescence, when the hypothalamic-pituitary-gonadal axis has
not yet fully activated. In our study, this distinction was made
based on clinical findings, bone age, family history, and GnRH
stimulation test results. However, the absence of long-term
follow-up data represents an important limitation. Some
patients initially classified as IHH may later exhibit spontaneous
pubertal development, leading to potential reclassification as
CDP. Therefore, longitudinal follow-up is essential for confirming
the definitive diagnosis in such cases.

CONCLUSION

In conclusion, this study is among the most comprehensive
case series investigating the etiology of delayed puberty (DP) in
a tertiary pediatric unit. Our findings provide valuable insight
into the distribution of underlying causes and highlight the
clinical and laboratory features that aid differential diagnosis.
Accurate diagnosis and individualized assessment are essential
for effectively managing adolescents with DP. Even in cases of
permanent hypogonadism, appropriate treatment can significantly
improve physical and psychosocial outcomes. Genetic studies are
increasingly important in evaluating DP and are expected to play a
critical role in the future management of hypogonadism.
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ABSTRACT

Objective: Acute rheumatic fever (ARF) is an immune-mediated inflammatory disease that develops following group A
streptococcal infection. Carditis is the major determinant of morbidity and long-term sequelae. This study aimed to evalu-
ate clinical and laboratory/electrocardiographic factors associated with carditis in children followed for ARF.

Material and Methods: In this single-center retrospective study, the records of children followed for ARF between January
2015 and August 2016 were reviewed. Carditis was assessed by echocardiography. Clinical variables (fever 238.5°C, mono/
polyarthritis, mono/polyarthralgia) and laboratory/ECG parameters (erythrocyte sedimentation rate, C-reactive protein,
antistreptolysin-O, mean platelet volume, PR interval) were compared between groups. Appropriate parametric/nonpara-
metric tests were used. Univariate odds ratios were calculated. Due to the small sample size and collinearity, parsimonious
logistic regression models (ESR+PR and CRP+PR) were fitted.

Results: Among 40 children, 22 (55%) had carditis. Fever >38.5°C, polyarthritis, and polyarthralgia were associated with
carditis in the univariate analyses. Sedimentation, CRP, and PR interval were significantly higher in the carditis group. In the
parsimonious model, ESR (per 10 mm/h increase) remained independently associated with carditis; PR interval showed an
independent association in the sensitivity analysis.

Conclusion: Carditis in ARF was accompanied by a higher systemic inflammatory burden, ECG findings suggestive of con-
duction involvement, and a polyarticular clinical phenotype. Systematic clinical assessment and low-threshold echocardi-
ography are essential for the early recognition of carditis.

Keywords: Acute rheumatic fever; carditis; echocardiography; erythrocyte sedimentation rate.
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Akut romatizmal ateste kardit ile iliskili klinik ve laboratuvar faktorler:
Tek merkezli retrospektif calisma

OzZET

Amag: Akut romatizmal ates (ARA), A grubu B-hemolitik streptokok enfeksiyonunu takiben gelisen immiin aracili inflamatuvar bir hastaliktir ve en 6nemli
uzun donem sonucu romatizmal kalp hastaligidir. Kardit, ARA’ya bagli morbidite ve sekelin temel belirleyicisi olup erken donemde saptanmasi yone-
timi dogrudan etkiler. Bu calismada, ARA olgularinda kardit varligi ile iliskili klinik ve laboratuvar/elektrokardiyografik gostergelerin degerlendirilmesi
amaglandi.

Gereg ve Yontemler: Bu tek merkezli retrospektif calismada, Ocak 2015—-Agustos 2016 déneminde ARA tanisi/siiphesi ile izlenen ¢ocuklarin kayitlari ince-
lendi. Kardit varligi ekokardiyografi ile degerlendirildi. Klinik degiskenler (>38,5°C ates, mono/poliartrit, mono/poliartralji) ve laboratuvar/EKG parametrel-
eri (eritrosit sedimentasyon hizi, C-reaktif protein, antistreptolizin-O, ortalama trombosit hacmi, PR araligi) kardit varligina gére karsilastirildi. Kategorik
degiskenler igin Ki-kare/Fisher testi, strekli degiskenler i¢cin dagilima uygun olarak bagimsiz 6rneklem t-testi veya Mann—Whitney U testi kullanildi. Kardit
ile iliskili faktorler igin tek degiskenli olasilik oranlari hesaplandi. Kiigiik 6rneklem ve degiskenler arasi korelasyon nedeniyle parsimoniyoz lojistik regresyon
modelleri (ESR+PR ve CRP+PR) kuruldu.

Bulgular: Toplam 40 olgunun 22’sinde (%55) kardit saptandi. Tek degiskenli analizde >38,5°C ates, poliartrit ve poliartralji kardit ile iliskiliydi. Karditli olgu-
larda sedimentasyon, CRP ve PR araligi anlamli olarak daha ylksekti. Parsimoniy6z modelde sedimentasyon (10 mm/saat artig basina) kardit ile bagimsiz
iliskiliydi; PR araligi ise duyarlilik analizinde bagimsiz iliski gosterdi.

Tartigma: Bu kohortta kardit varhgi; yiiksek inflamasyon yikd, iletim sistemi etkilenimini distindtren EKG bulgulari ve poli-eklem tutulumuyla karakterize
klinik fenotip ile birlikte seyretti. ARA stphesinde sistematik klinik degerlendirme ve disiik esikte ekokardiyografi, karditin erken saptanmasi agisindan

onemlidir.

Anahtar Kelimeler: Akut romatizmal ates; ekokardiyografi; eritrosit sedimentasyon hizi; kardit.
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GIRIS

Akut romatizmal ates (ARA), A grubu B-hemolitik streptokok
(Streptococcus pyogenes) enfeksiyonunu takiben gelisen, ¢ok
sistemli ve immun aracili inflamatuvar bir hastaliktir. ARA'nin
en 6nemli uzun dénem sonucu romatizmal kalp hastaligi (RKH)
olup ozellikle endemik bolgelerde ¢ocukluk ¢aginda edinilmis
kalp hastaliklarinin baslica nedenleri arasinda yer almaya de-
vam etmektedir (1-3). Diinya Saglik Orgiiti (DSO), 2024 yilinda
yayimladigi kilavuzda ARA/RKH’nin 6nlenebilir bir hastalik yuki
olusturdugunu ve erken tani ile sekonder profilaksinin 6nemini
vurgulamaktadir (3).

ARA klinik spektrumu; artrit/artralji, kardit, kore, eritema mar-
ginatum ve subkutan noddller gibi bulgulari iceren genis bir
yelpazede seyredebilir. Morbidite ve mortalitenin belirleyicisi
cogunlukla kardiyak tutulumdur; kardit ataginin siddeti ve/veya
yineleyen ataklar, kapaklarda kalici hasara ve ilerleyici RKH'ye
yol acabilir (1, 2, 4). Bu nedenle, karditin erken donemde sap-
tanmasi tedavi yaklagimini ve izlem stratejisini dogrudan etki-
lemektedir.

Tanisal yaklasimda Jones kriterleri temel gergeveyi olusturur.
Amerikan Kalp Dernegi (AHA) tarafindan 2015 yilinda giincel-

lenen Revize Jones kriterleri, diisiik riskli ve orta/ylksek riskli
popilasyonlar igin ayri tani yollari tanimlamis, Doppler ekokar-
diyografiyi tiim slpheli olgularda 6nermis ve subklinik karditin
major kriter olarak kabul edilebilecegini belirtmistir (5, 6). Eko-
kardiyografide patolojik regiirjitasyonun tanimi ve standardizas-
yonu i¢in Diinya Kalp Federasyonu’nun (WHF) ekokardiyografik
kriterleri de pratikte 6nemli bir referans noktasidir (7, 8).

Karditin her zaman belirgin oskiiltasyon bulgusu vermemesi, ilk
basvuruda bulgularin hizla degisebilmesi ve kaynak kisith ortam-
larda ekokardiyografiye erisimin gecikebilmesi nedeniyle, kardit
olasihgini klinik ve laboratuvar parametreleriyle 6ngorebilmek
klinik agidan degerlidir. Akut faz reaktanlar (eritrosit sedimen-
tasyon hizi [ESH] ve C-reaktif protein [CRP]) ile iletim sistemi tu-
tulumunu yansitan PR araligi uzamasi, ARA aktivitesini gdsteren
parametreler olmakla birlikte, bu belirteglerin kardit varligi/sid-
detiileiliskisine dair literatlirde tutarsiz sonuglar bildirilmektedir
(1, 2, 9). Bu baglamda, tek merkezli seriler yerel klinik pratikte
risk siniflamasina yardimci olabilecek ipuglari saglayabilir.

Bu calismada, ¢ocuk kliniginde izlenen ARA olgularinda kardit
ile iliskili klinik (ates ve eklem bulgular) ve laboratuvar/elekt-
rokardiyografik (ESH, CRP, ASO, MPV, PR araligl) parametreleri



20

JOUR UMRANIYE PEDIATR 2026;6(1):18-25

Kardit ile iliskili klinik bulgular (tek degiskenli)

degerlendirmeyi amagladik. ikincil amag olarak, ayni olgu gru-
bunda DSO 2004 yaklagimi ile 2015 Revize Jones kriterlerinin
tanisal yakalama farkliliklarini betimlemeyi hedefledik.

GEREC VE YONTEMLER
Calisma Tasarimi ve Calisma Ortami

Bu calisma, tek merkezli, geriye doniik gozlemsel bir arastir-
madir. Calisma, Saglik Bilimleri Universitesi Umraniye Egitim ve
Arastirma Hastanesi Cocuk Sagligi ve Hastaliklari Klinigi’'nde yi-
ritiilmistir. Hastane bilgi yénetim sistemi (HBYS/HIS) ve hasta
dosyalari lizerinden, ¢alisma doneminde ARA tanisi ile izlenen
olgularin verileri geriye doniik olarak taranmistir (Ocak 2015-
Agustos 2016).

Calisma Popiilasyonu

Dahil edilme 6lgltleri sunlardi: (i) pediatri kliniginde ARA tani-
st ile izlenmis olmak, (ii) cocukluk ¢agi (<18 yas) hastasi olmak,
(iii) klinik kayitlarin Jones 2015 kriterlerinin uygulanmasina ve
kardit varhiginin degerlendirilmesine olanak verecek diizeyde
tamamlanmis olmasi. Tekrarlayan ARA atagi ile basvuranlar, bi-
linen konjenital kalp hastaligi olanlar, nceden tani almig roma-
tizmal kalp hastaligi bulunanlar ve temel klinik/laboratuvar veri-
leri eksik olan hastalar ¢calisma disi birakildi. Nihai analiz, uygun
kayitlari bulunan 40 olgu Gzerinden gergeklestirildi.

Tanisal Degerlendirme ve Tanimlar

ARA tanisi, 2015 Revize Jones kriterlerine gore (orta/yiksek
riskli poplilasyon yaklasimi) yeniden gézden gegcirildi (5). Strep-
tokokal enfeksiyon kaniti (6rn. yikselmis antistreptolizin O
[ASO] titresi ve/veya klinik oykl) klinik kayitlar tGzerinden de-
gerlendirildi. Ayni olgu grubu ayrica DSO 2004 yaklasimi cerce-
vesinde de siniflandirildi; béylece tanisal yakalama farkliliklari
tanimlayici olarak karsilastirildi (3, 9).
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Sekil 1. Kardit ile iliskili klinik degiskenler igin tek degiskenli olasilik oranlari (orman grafigi). OR ve %95 gliven araliklari gosterilmektedir.

Kardit, klinik kardit ve/veya subklinik kardit olarak degerlendirildi.
Tum olgularda iki boyutlu ve renkli Doppler ekokardiyografi bul-
gulari incelendi. Subklinik kardit, oskiltasyonda yeni Gifiirim veya
acik klinik kardit bulgusu olmaksizin ekokardiyografide patolojik
kapak regirjitasyonunun saptanmasi seklinde tanimlandi. Patolo-
jik mitral/aort regurjitasyonu degerlendirmesinde standardizas-
yon amaciyla WHF ekokardiyografi kriterleri referans alindi (7, 8).

Eklem tutulumu, artrit (objektif sislik ve/veya hareket kisitliligi/
1si artisl) ve artralji olarak ayrildi; tutulan eklem sayisina goére
monoartrit/monoartralji ve poliartrit/poliartralji seklinde sinif-
landirildi. Viicut sicakhgl, 238,5°C (yliksek ates) ve <38,5°C ola-
rak ikili siniflandirildi.

Veri Toplama

Demografik veriler (yas, cinsiyet), basvuru yakinmalari ve kli-
nik bulgular, majér/minér kriter bilesenleri ve tedavi 6zellikleri
(penisilin, aspirin, kortikosteroid) HBYS ve hasta dosyalarindan
kaydedildi. Laboratuvar parametreleri olarak ESH (mm/saat),
CRP (mg/dl), ASO (IU/ml) ve ortalama trombosit hacmi (MPV,
fL) kaydedildi. Elektrokardiyografik degerlendirmede 12 deri-
vasyonlu EKG’den PR araligi (saniye) olgiimleri kaydedildi.

istatistiksel Analiz

istatistiksel analizler IBM SPSS Statistics yazilimi kullanilarak ya-
pildi (sirim bilgisi eklenecektir). Strekli degiskenlerin dagilimi
Shapiro—Wilk testi ile degerlendirildi. Normal dagilim gésteren
degiskenler ortalamazstandart sapma, normal dagilmayan de-
giskenler medyan (minimum-maksimum) olarak Ozetlendi.
iki grup karsilastirmalarinda uygun sekilde bagimsiz érneklem
t-testi veya Mann—Whitney U testi kullanildi. Kategorik degis-
kenler sayi ve ylzde olarak verildi; gruplar arasi karsilastirma-
larda Ki-kare testi veya beklenen hiicre sayisina gore Fisher’in
kesin testi uygulandi.
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Tablo 1. Kardit varligina gore demografik, laboratuvar ve EKG degiskenlerinin karsilastiriimasi

Degisken Kardit yok (n=18) Kardit var (n=22) Test p

Yas (yil) 11.00+3.38 10.95+2.42 t=0.048 0.962

Sedimentasyon (mm/saat) 8.50 (6.25-23.75) 58.50 (38.25-79.25) U=23.0 <0.001

16.39+13.46 59.50+24.99

CRP (mg/dl) 0.10 (0.10-0.45) 2.38 (0.53-7.85) U=79.0 0.001
1.19+43.95 5.3416.51

PR arahigi (sn) 0.12 (0.11-0.12) 0.16 (0.12-0.20) U=67.5 <0.001
0.12+0.02 0.17+0.05

ASO (IU/ml) 216.50 (93.12-515.25) 39.00 (1.00-520.00) U=260.5 0.088

301.10+264.01 221.91+282.98

MPV (fL) 7.17 (6.90-7.80) 7.39 (6.83-7.88) U=192.0 0.881
7.52+1.27 7.62+1.34

CRP: C-reaktif protein; ASO: Anti-streptolisin O; MPV: Mean platelet volume (ortalama trombosit hacmi); t: Student’s t-Test; U: Mann—Whitney U test; n: Hasta sayisi.

Tablo 2. Kardit varligi ile iliskili klinik bulgular: tek degiskenli analiz

Degisken (var=1) Kardit yok n (%) Kardit var n (%) OR (%95 GA) p Test
Vicut sicakligl 238.5°C 3(16.7) 14 (63.6) 8.75(1.93-39.75) 0.003 1
Poliartrit 3(16.7) 12 (54.5) 6.00 (1.34-26.81) 0.014 1
Poliartralji 4(22.2) 13 (59.1) 5.06 (1.25-20.48) 0.019 r
Monoartrit 4(22.2) 5(22.7) 1.03 (0.23-4.58) 1.000 Fisher
Monoartralji 4(22.2) 5(22.7) 1.03 (0.23-4.58) 1.000 Fisher
OR: Odds ratio; GA: Giiven araligi (confidence interval); ¥2: Ki-Kare Testi; Fisher: Fisher’s Exact Test; n: Hasta sayisI.

Kardit ile iliskili olasi belirleyicileri degerlendirmek lzere tek
degiskenli lojistik regresyon analizleri yapildi; olasilik orani
(odds ratio, OR) ve %95 gliven araliklari (GA) raporlandi. Cok
degiskenli lojistik regresyon analizine, tek degiskenli analizde
anlamli bulunan klinik ve laboratuvar degiskenleri dahil edil-
di. Akut faz reaktanlari arasinda olasi ¢oklu dogrusal baglanti
(multicollinearity) nedeniyle ESH ve CRP ayni modele birlik-
te sokulmadi; ESH iceren ana model ve CRP iceren duyarhlik
(sensitivity) modeli ayri olarak kuruldu. PR arahgi, klinik yo-
rumlanabilirligi artirmak ve katsayilarin olgek etkisini azalt-
mak amaciyla 10 ms (0,01 sn) artis basina olacak sekilde 6l-
ceklendirilerek modele alindi. Tim testlerde iki yonli p<0,05
istatistiksel olarak anlamli kabul edildi.

BULGULAR

Calismaya toplam 40 olgu dahil edildi; olgularin 22’sinde (%55) kar-
dit saptandi. Kardit varligina gére yas dagihmi benzerdi (Tablo 1).

Klinik bulgularin kardit ile iliskisi

Tek degiskenli analizde vicut sicakhginin >38,5°C olmasi, poli-
artrit ve poliartralji varligi kardit ile iliskili bulundu (Tablo 2, Sekil
1). Yuksek ates varliginda kardit olasiligi artmisti (OR=8,75; %95
GA: 1,93-39,75; p=0,003). Benzer sekilde poliartrit (OR=6,00;
%95 GA: 1,34-26,81; p=0,014) ve poliartralji (OR=5,06; %95 GA:

1,25-20,48; p=0,019) kardit ile iliskiliydi. Monoartrit ve mono-
artralji ile kardit arasinda anlamli iliski saptanmadi (Tablo 2).

Laboratuvar ve EKG Bulgulari

Kardit saptanan olgularda sedimentasyon ve CRP dizeyleri an-
lamli olarak daha yiiksekti (sedimentasyon U=23,0, p<0,001;
CRP U=79,0, p=0,001; Tablo 1; Sekil 2, 3). PR aralig kardit gru-
bunda belirgin olarak uzundu (U=67,5, p<0,001; Tablo 1; Sekil
4). ASO ve MPV agisindan gruplar arasinda anlamli farkhlik iz-
lenmedi (Tablo 1).

Cok Degiskenli Analiz

Orneklem buyuklGgi ve degiskenler arasi korelasyon dikkate
alinarak parsimoniydz lojistik regresyon modelleri olusturul-
du (Tablo 3). Model A’da (ESR_10+PR_10ms) sedimentasyon
(10 mm/saat artis basina) kardit ile bagimsiz iliskili bulundu
(aOR=3,12; %95 GA: 1,36-7,16; p=0,007); PR araligi (10 ms ar-
tis basina) sinirda anlamhydi (aOR=1,96; %95 GA: 0,98-3,92;
p=0,058). Duyarlilik analizinde (Model B: CRP+PR_10ms) PR ara-
lig1 bagimsiz iliskisini korurken (aOR=1,72; %95 GA: 1,13-2,61;
p=0,012), CRP bagimsiz bir belirleyici olarak kalmadi (p=0,223).
Bu kohortta kardit varhgi; yliksek ates, poliartikiiler klinik feno-
tip ve daha ylksek akut faz reaktanlari ile birlikte seyretti. Ayrin-
til sayisal sonuglar Tablo 1-3 ve Sekil 1-4’te sunulmustur.
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Sekil 2. Kardit varligina gore eritrosit sedimentasyon hizi (mm/saat) dagilimi (kutu grafigi).

Tablo 3. Karditin bagimsiz belirleyicileri: parsimoniyo

Model/degisken B
Model A (Sedimentasyon_10 + PR_10ms)

Sedimentasyon (10 mm/saat artis basina) 1.139
PR araligi (10 ms artis basina) 0.672
Model B (CRP + PR_10ms)

CRP (1 mg/dl artig basina) 0.128
PR araligi (10 ms artis basina) 0.539

TARTISMA

Bu tek merkezli retrospektif calismada, akut romatizmal ates
(ARA) olgularinda kardit varhgi ile iliskili klinik ve laboratuvar
gostergeleri degerlendirilmistir. Calismanin baslica bulgulari;
kardit gelisen olgularda akut faz reaktanlarinin belirgin derece-
de yuksek olmasi, iletim sistemi tutulumu ile uyumlu sekilde PR
araliginin uzamasi ve poli-eklem tutulumu (poliartrit/poliartral-
ji) ile yUksek atesin kardit ile iliskili klinik bir fenotip olusturma-
sidir. Bu bulgular, ARA’'nin tanisinda klinik ipuglarinin ekokardi-
yografik degerlendirme ile birlikte yorumlanmasinin énemini
bir kez daha ortaya koymaktadir.

ARA, ozellikle sosyoekonomik dezavantajli popilasyonlarda ve
gelismekte olan Ulkelerde romatizmal kalp hastaligina (RKH)
neden olmaya devam etmektedir. Kardit, ARA'nin morbidite ve
uzun donem sekelinin temel belirleyicisi olup erken tani ve uy-
gun sekonder profilaksi, RKH yikini azaltmada kritik rol oynar
(2, 10). Amerikan Kalp Dernegi’nin 2015 giincellemesi ile Doppler
ekokardiyografide saptanan subklinik kardit tani él¢itlerine dahil
edilmis; ayrica yuksek riskli popilasyonlarda klinik spektrumun
daha genis oldugu (6rn. poliartralji/monoartrit gibi) vurgulanmis-

aOR %95 GA P

3.12 1.36-7.16 0.007
1.96 0.98-3.92 0.058
1.14 0.92-1.40 0.223
1.72 1.13-2.61 0.012

B: Regresyon katsayisi; aOR: Adjusted odds ratio; GA: Guven araligi (confidence interval); CRP: C-reactive protein; p: P degeri.

tir (5). Klinik uygulama rehberleri de ARA siiphesi olan her olguda
ekokardiyografinin kardit saptanmasi ve siddetin derecelenmesi
acisindan temel inceleme oldugunu belirtmektedir (11, 12).

Calismamizda karditli olgularda sedimentasyon ve CRP’nin
anlamh olarak yuksek bulunmasi (Tablo 2), inflamatuvar ak-
tivite ile kardiyak tutulum arasindaki iliskiyi desteklemekte-
dir. Bununla birlikte, sedimentasyon ve CRP’nin birbirleriyle
korele biyobelirtecler olmasi ve farkli kinetik 6zellikler gos-
termesi (CRP’nin daha hizh ylkselip dlismesi; sedimentasyo-
nun daha gec¢ normallesmesi) nedeniyle, karditi “tek basina”
ongodren 0zgll belirtecler olarak degil, hastalik aktivitesini ve
sistemik inflamasyon ylikiini yansitan yardimci parametreler
olarak ele alinmasi daha uygundur (5, 10, 11). Revize edilmis
parsimoniyoz lojistik regresyon analizinde sedimentasyonun
bagimsiz iliski gostermesi, sedimentasyonun klinik spektrum
icinde daha stabil bir inflamasyon yliki gostergesi olabilece-
gini distindirmektedir. CRP’nin duyarhlik analizinde bagimsiz
belirleyici olarak kalmamasi ise 6rneklem buylkligu, 6l¢im
zamanlamasi ve tedavi bagslanma zamani gibi faktorlerden et-
kilenebilen CRP kinetigi ile aciklanabilir.
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Sekil 3. Kardit varligina gore C-reaktif protein (mg/dl) dagihmi (kutu grafigi).
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PR aralidi (sn) (kardit varligina gore)
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Sekil 4. Kardit varligina gére PR araligi (sn) dagihmi (kutu grafigi).

PR araliginin karditli grupta belirgin uzamis olmasi ve ¢ok de-
giskenli analizde de etkisini korumasi (6zellikle duyarhlik ana-
lizinde) klinik agidan dikkat cekicidir. PR uzamasi, Jones kri-
terlerinde mindr oOlgltler arasinda yer almakla birlikte kardit
varliginda iletim sistemi etkileniminin bir yansimasi olarak go-
rilebilir (5, 11). Dolayislyla, 6zellikle eklem bulgulariyla basvu-
ran olgularda belirgin PR uzamasi varhgi, kardiyak degerlendir-
meyi (6zellikle ekokardiyografi) hizlandirmasi gereken bir uyari
isareti olarak yorumlanabilir; ancak PR uzamasinin karditin bir
parcasi olabilecegi gercegi goz oniinde bulundurularak “pre-
diktor” yerine “eslik eden bulgu” seklinde daha temkinli bir
yorum tercih edilmelidir.

Kardit var

Eklem fenotipinin kardit ile iligkisi yénlinden, poliartrit ve poliart-
raljinin kardit ile anlamli iliskisi, ylksek riskli popUlasyonlarda klinik
spektrumun daha genis olabilecegine dair glincellenmis Jones kri-
terleri ile uyumludur (2). Bu bulgu, eklem yakinmalariyla bagvuran
olgularda kardit olasiliginin yalnizca “klinik Gftirim” varligina indir-
genmemesi gerektigini, dzellikle poli-eklem tutulumunun eslik ettigi
tabloda ekokardiyografinin diisiik esikte planlanmasinin uygun ola-
cagini distindirtr (12, 13). Ayrica 238,5°C atesin kardit ile tek degis-
kenli analizde giiglii iliski gostermesi (Tablo 1), yiiksek atesin sistemik
inflamasyon yikind yansitan bir klinik belirteg olabilecegini destek-
ler. Bu yaklasim, Jones kriterlerinde risk gruplarina gére ates ve akut
faz reaktani esiklerini tanimlayan cergeve ile de uyumludur (11).
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Antistreptolizin-O (ASO) diizeyinin kardit varligina gore anlamli
farklihk gostermemesi, ASO’nun kardiyak tutulum siddetini de-
gil, gecirilmis streptokok enfeksiyonuna iliskin “kanit” boyutunu
daha iyi yansittigini diistindiirmektedir (5, 11). Bu nokta klinikte
onemlidir; ¢linkd yalnizca yliksek ASO ve eklem yakinmalari ile
ARA tanisi konulmasi veya gereksiz sekonder profilaksi baslan-
masl, sahada sik karsilasilan bir problemdir. Bir ¢alismada, ek-
lem sikayeti ve ylksek ASO ile basvuran gocuklarda endikasyon
disi penisilin profilaksisinin yaygin olabilecegi gosterilmis; Jones
kriterlerine dayal kanita dayali yaklasimin gerekliligi vurgulan-
mistir (14). Bizim bulgularimiz, eklem yakinmalariyla basvuran
olgularda kardit risk fenotipinin (poli-eklem tutulumu + yiksek
inflamasyon belirtegleri + iletim bulgulari) daha segici bir yakla-
sim gelistirmede yardimci olabilecegini disiindirmektedir.

Hematolojik inflamasyon belirtecleri agisindan MPV’nin gruplar
arasinda farklihk géstermemesi, MPV’nin ARA’da kardit varhgi-
ni ayirt etmede tutarh bir belirte¢ olmayabilecegini destekler.
Trombositlerin inflamasyondaki roli literatiirde ayrintili olarak
tartisiilmis olsa da MPV gibi trombosit indeksleri pre-analitik de-
giskenlerden etkilenebilmekte ve hastalik alt fenotipleri arasin-
da heterojen sonuclar verebilmektedir (15). Nitekim Ozdemir ve
arkadaslari, akut romatizmal karditte MPV ve PDW’nin anlamli
degisiklik gostermeyebilecegini bildirmistir (16). Bu heterojen li-
teratlir, trombosit indekslerinin tek basina tanisal karar verdirici
olmaktan ziyade yardimci/arastirma amagli parametreler olarak
degerlendirilmesi gerektigine isaret etmektedir.

Calismamizin klinik gikarimi, ARA siiphesiyle izlenen ¢ocuklarda
kardit olasiligini artiran oriintinin poli-eklem tutulumu, yiksek
ates, belirgin inflamasyon (6zellikle yuksek sedimentasyon) ve
PR uzamasi birlikteligi oldugudur. Bu bulgular, karditin erken
saptanmasl ve uygun antiinflamatuvar tedavi ile sekonder pro-
filaksi planlanmasi agisindan énemlidir (5, 10, 11). Ancak, kardit
tanisinda belirleyici yaklasim ekokardiyografidir; akut faz reak-
tanlari ve EKG bulgulari ekokardiyografik degerlendirmeyi ika-
me etmez, yalnizca yonlendirir (12, 13).

Calismanin retrospektif ve tek merkezli tasarimi, 6rneklem bi-
yuklGginin sinirlh olmasi ve laboratuvar élglimlerinin basvu-
ru/tani zamanlamasindaki heterojenlik, nedensellik ¢ikarimini
kisitlamaktadir. Ayrica sedimentasyon ve CRP gibi parametre-
ler, basvuru 6ncesi antiinflamatuvar/antibiyotik kullanimi ile
etkilenebilir. Cok degiskenli analizde asiri uyum riskini azalt-
mak icin parsimoniy6z modeller tercih edilmis olmakla birlik-
te, bulgularin farklh merkezlerde ve daha genis 6rneklemlerde
dogrulanmasi gereklidir.

SONUC

Sonug olarak, ARA olgularinda kardit varligi, daha yiksek infla-
masyon yuku (6zellikle yiiksek sedimentasyon) ve iletim sistemi
etkilenimi ile uyumlu EKG bulgulari ile birlikte seyretmektedir.
Poli-eklem tutulumu ve yuksek ates gibi klinik 6zellikler, kardit
olasiligini artiran bir fenotip olusturabilir. Bu bulgular, eklem
yakinmalariyla basvuran cocuklarda Jones kriterlerine dayali
sistematik degerlendirmenin ve dislik esikte ekokardiyografik
incelemenin dnemini desteklemektedir.
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Levetiracetam compared with carbamazepine as
monotherapy in children with focal epilepsy

Biisra Kutlubay,® © ihsan Kafadar?

IDepartment of Pediatric Neurology, Umraniye Training and Research Hospital, istanbul, Tiirkiye
2Department of Pediatric Neurology, Prof. Dr. Cemil Tascioglu City Hospital, istanbul, Turkiye

ABSTRACT

Objective: Carbamazepine (CBZ) has traditionally been used as a first-line agent for pediatric focal epilepsy, yet tolerability
issues and potential drug—drug interactions have encouraged the broader use of newer antiseizure medications, including
levetiracetam (LEV). Robust head-to-head data comparing LEV with CBZ as initial monotherapy in children remain scarce.
In this study, LEV monotherapy was compared with CBZ, a well-established treatment for focal epilepsy, and its efficacy in
seizure control and tolerability were evaluated.

Material and Methods: In this prospective, randomized clinical study, 80 children aged 2—14 years with newly diagnosed focal
epilepsy meeting International League Against Epilepsy criteria were allocated to LEV (n=37) or CBZ (n=43) monotherapy. Seizure
frequency, treatment response, drug resistance, and adverse events were evaluated at baseline and at 3, 6, and 12 months.

Results: Baseline demographic and clinical variables were comparable between groups. Seizure frequency declined
significantly over time in both treatment arms. At 3 months, a numerically greater reduction was observed in the LEV
group, although the between-group difference was not statistically significant (p>0.05); outcomes were similar at 6
months. By 12 months, seizure reduction was achieved in all patients receiving CBZ and in 86.7% of those receiving LEV,
without a significant difference between groups (p=0.155). Drug resistance rates decreased across follow-up and did not
differ significantly at 12 months. Adverse events occurred more often with CBZ, most notably somnolence and cutaneous
reactions, whereas behavioral effects, particularly irritability, were more frequent with LEV. No serious hematologic or
renal toxicity and no persistent hepatic adverse events were detected.

Conclusion: As initial monotherapy for newly diagnosed focal epilepsy in children, LEV and CBZ show comparable seizure-

control efficacy. LEV may offer better overall tolerability, although behavioral symptoms require close surveillance. Both agents
represent reasonable first-line options, with selection individualized according to patient-specific risk—benefit considerations.
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Fokal epilepsili cocuklarda monoterapi olarak levetirasetam ve
karbamazepinin karsilastirilmasi

OzZET

Amag: Karbamazepin (CBZ), pediatrik fokal epilepside geleneksel olarak birinci basamak tedavi olarak kullaniimaktadir; ancak tolere edilebilirlik sorunlari ve
olasi ilag—ilag etkilesimleri, levetirasetam (LEV) dahil olmak Gizere daha yeni nébet ilaglarinin kullanimini tesvik etmistir. Cocuklarda baslangigc monoterapisi
olarak LEV ile CBZyi dogrudan karsilastiran glgli veriler ise sinirhdir. Bu calismada, LEV monoterapisi, fokal epilepside iyi tanimlanmis bir tedavi olan CBZ
ile karsilastirilmig, nébet kontroliindeki etkinligi ve tolere edilebilirligi degerlendirilmistir.

Gereg ve Yontemler: Bu prospektif, randomize klinik calismada, Uluslararasi Epilepsi ile Savas Birligi kriterlerine gore yeni tani almis, fokal epilepsili 2-14
yas arasindaki 80 ¢ocuk LEV (n=37) veya CBZ (n=43) monoterapisi almak lizere randomize edilmistir. Nobet sikligi, tedavi yanity, ilag direnci ve advers olaylar
baslangigta ve 3., 6. ve 12. aylarda degerlendirilmistir.

Bulgular: Baslangictaki demografik ve klinik ozellikler agisindan gruplar benzerdi. Nobet sikligi her iki tedavi kolunda da zaman iginde anlamli bigimde
azaldi. Uglincii ayda LEV grubunda sayisal olarak daha belirgin bir azalma gézlenmis olmakla birlikte, gruplar arasindaki fark istatistiksel olarak anlamh
degildi (p>0,05); altinci ayda da benzer sonuglar elde edildi. On ikinci ay sonunda CBZ alan tiim hastalarda ve LEV alan hastalarin %86,7’sinde nobet
sikliginda azalma saglandi; ancak iki grup arasinda anlamh fark saptanmadi (p=0,155). Takip siresince ilag direnci oranlarinda azalma goruldi ve 12.
ayda gruplar arasinda anlamli farklilik bulunmadi. Advers olaylar CBZ grubunda daha sik gézlenmis olup, 6zellikle somnolans ve kutanoz reaksiyonlar 6n
plandaydi. LEV grubunda ise irritabilite basta olmak (izere davranissal yan etkiler daha sik bildirildi. Higbir hastada ciddi hematolojik ya da renal toksisite
ve kalici hepatik advers etki saptanmadi.

Tartigma: Yeni tani almis pediyatrik fokal epilepside baslangic monoterapisi olarak levetirasetam ve karbamazepin benzer nobet kontroll etkinligi
gostermektedir. Levetirasetam genel tolere edilebilirlik agisindan bazi avantajlar saglayabilir; ancak davranigsal yan etkiler agisindan dikkatli izlem gereklidir.
Her iki ajan da birinci basamak tedavi secenegi olarak degerlendirilebilir ve tedavi segimi hasta 6zellikleri ile risk—yarar dengesi g6z 6niinde bulundurularak
bireysellestirilmelidir.

Anahtar Kelimeler: Cocuk; fokal epilepsi; karbamazepin; levetirasetam; monoterapi; randomize klinik galisma.
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Since its introduction to clinical practice in the early 2000s,
levetiracetam (LEV) hasbeenwidelyused asanewer-generation
ASM with broad efficacy and reported safety in various
epilepsy syndromes (5, 6). Among first-generation ASMs,
carbamazepine (CBZ) has long been considered a first-line
treatment for focal epilepsy. However, due to its considerable
adverse-effect profile and frequent drug—drug interactions, its
use as long-term monotherapy for focal seizures has become
less favored in recent years (7, 8). By keeping voltage-gated
sodium channels in an inactivated configuration for longer,
CBZ decreases high-frequency, repetitive firing in postsynaptic

INTRODUCTION

Epidemiological data suggest that approximately 4-10% of
children experience at least one seizure (febrile or afebrile) by
16 years of age. The cumulative lifetime incidence of epilepsy
is estimated at around 3%, with more than half of all cases
presenting during childhood. The annual prevalence ranges
between 0.5% and 1.0% (1). The primary goal of epilepsy
management in children is to achieve sustained seizure
freedom while preserving normal growth, neurodevelopment,
and overall systemic maturation (2).

Antiseizure medications (ASMs) are commonly categorized into

first-generation and newer-generation agents (3, 4). Despite
the availability of numerous ASMs, nearly half of patients fail to
achieve sufficient seizure control with initial monotherapy, and
approximately 35% eventually require alternative or more effective
treatment strategies (4). In addition, the broad pharmacological
profiles of many ASMs and their potential for significant adverse
effects make long-term management challenging. Therefore,
there remains a continued need for therapies that provide
improved efficacy while maintaining better tolerability.

neurons, which underlies its antiepileptic activity. In addition,
it inhibits presynaptic neurotransmitter release, leading
to suppression of synaptic transmission (9, 10). Common
adverse effects of CBZ include somnolence, nausea, vomiting,
ataxia, and headache, as well as hepatic and hematological
complications, which are typically dose-dependent and more
frequently observed during the initial treatment period.
Accordingly, regular clinical assessments and laboratory
follow-up are required (11).
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Levetiracetam was first introduced in 1999 as an effective
second-generation ASM and was initially approved as adjunctive
therapy for focal seizures in adolescents (12). Its mechanism of
action involves binding to synaptic vesicle protein 2A, thereby
modulating neurotransmitter release through inhibition of
calcium mobilization fromintracellular neuronal stores (13). Data
derived from double-blind, placebo-controlled studies indicate
the efficacy of LEV in both adult and pediatric populations (14,
15). Nevertheless, its safety and efficacy in infants remain less
clearly established (16). Although LEV monotherapy or add-
on therapy has been associated with mental health-related
adverse effects, including mood symptoms, irritability, and
paranoid ideation, in a subset of adult patients, it has also been
reported to decrease seizure burden and improve quality of life
(13, 17). Major advantages of LEV include twice-daily dosing,
a favorable tolerability profile, minimal drug—drug interactions,
and no requirement for routine serum level monitoring, all of
which support its widespread use in epilepsy management (18).

A growing body of literature has focused on LEV monotherapy
in childhood epilepsies, including both focal and generalized
seizure types (19). Smaller studies have suggested that LEV
may be effective when transitioning patients from polytherapy
to monotherapy (20). However, randomized controlled trials
(RCTs) directly comparing LEV and CBZ monotherapy in children
with focal seizures remain limited. Available evidence suggests
that LEV monotherapy demonstrates efficacy comparable to
that of other ASMs, particularly CBZ, while potentially offering
a more favorable adverse-effect profile. Nevertheless, larger-
scale RCTs have been recommended to more accurately assess
both efficacy and tolerability (21, 22).

In light of the limited number of comparative studies and the
clinical importance of selecting the most appropriate ASM for
focal seizures in childhood, we conducted this prospective,
randomized study to evaluate and compare the efficacy and
adverse-effect profiles of LEV and CBZ as monotherapy.

MATERIAL AND METHODS
Ethical Approval

Ethical approval for this study was obtained from the Sisli Etfal
Training and Research Hospital Ethics Committee on May 11,
2009 (approval no. 71). The study was conducted in accordance
with the ethical principles of the Declaration of Helsinki.

Study Population and Eligibility Criteria

This study enrolled 80 children aged 2—-14 years with newly
diagnosed focal epilepsy. All participants had experienced at
least two unprovoked seizure events, with an interval of over 24
hours between episodes, and fulfilled the diagnostic criteria of
the International League Against Epilepsy (ILAE) (23). Additional
inclusion criteria were a normal brain magnetic resonance
imaging (MRI) study and confirmation of the diagnosis by
electroencephalography (EEG).

Exclusion criteria comprised seizure types not classified as focal

according to ILAE definitions, a history of brain injury within the
preceding 3 months, known renal, hepatic, or hematological
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disorders, prior use of antiseizure or psychiatric medications,
and refusal to participate by parents or legal guardians.

Enrollment and Baseline Assessment

Patients were selected based on clinical history and neurological
examination. Participation was voluntary, and written informed
consent was obtained from parents or legal guardians before
enrollment. Following neurological examination and EEG
evaluation, children with unprovoked seizures were identified.
At study entry, a structured questionnaire was completed to
collect demographic data and seizure-related characteristics,
including seizure type, seizure frequency, seizure duration, and
the presence of adverse effects.

All patients underwent baseline EEG, complete blood count
(CBC), liver function tests (LFTs), serum creatinine (Cr), and
blood urea nitrogen (BUN) assessments as part of the standard
clinical evaluation.

Randomization and Treatment Protocol

After confirming eligibility, participants were randomized
to one of two treatment groups: the levetiracetam group
(LEV; n=37) or the carbamazepine group (CBZ; n=43). In both
groups, medications were administered twice daily in either
syrup or tablet form, according to the child’s age and parental
preference.

In the CBZ group, treatment was initiated at a dose of 10 mg/kg/
day and increased by 10 mg/kg/day at weekly intervals until the
standard maintenance dose of 30 mg/kg/day was reached and
maintained. In the LEV group, treatment was similarly initiated
at 10 mg/kg/day and titrated weekly by 10 mg/kg/day to a
standard dose of 30 mg/kg/day. The maximum allowed doses
were 40 mg/kg/day for LEV and 35 mg/kg/day for CBZ (24, 25).

The treatment strategy consisted of dose titration until seizure
freedom was achieved. Parents were informed in advance
about potential adverse effects and were instructed to
maintain a seizure diary documenting seizure characteristics,
seizure frequency, seizure duration, medication adherence, and
possible adverse events (e.g., somnolence, agitation, nausea,
and dermatological reactions).

Follow-up and Outcome Assessment

Parents were advised to contact the study team immediately
in the event of serious adverse effects outside scheduled visits.
Physical examinations were carried out at each follow-up visit
to evaluate potential adverse effects, and routine laboratory
tests (CBC and liver and renal function tests) were repeated.
Seizure diaries were reviewed at each visit, and relevant data
were recorded.

Patients who required discontinuation of treatment due to
serious adverse effects or at the treating physician’s discretion
were withdrawn from the study. After the 3%-, 6", and 12-
month visits, physical examination findings, EEG results, seizure
frequency, and adverse-effect rates were compared between
the two treatment groups.
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Levetiracetam (n=37)

Age, (MeantSD) 8.66+3.45
Body weight (kg) (MeanSD) 25.63+10.72
Gender, n (%)
Female 15 (40.5)
Male 22 (59.5)

SD: Standard deviation; *: Student’s t-Test; **: Chi-Square Test.

Seizure characteristics, seizure frequency, seizure duration, and
adverse effects were evaluated at baseline and at the 3-, 6-, and
12-month follow-up visits. The analyses were conducted using
a per-protocol approach, including only patients with available
data at the relevant follow-up visit.

Statistical Analysis

Statistical analyses were performed using NCSS 2007 (Number
Cruncher Statistical System) and PASS 2008 (Utah, USA).
Continuous variables are summarized as meanzstandard
deviation. Between-group comparisons of independent
samples were carried out using Student’s t test for normally
distributed data and the Mann-Whitney U test when
distributional assumptions were not satisfied. Within-group
(paired) comparisons were assessed with the paired t test for
normally distributed variables and the Wilcoxon signed-rank
test for non-normally distributed variables. Categorical
variables were compared using Pearson’s chi-square test,
Fisher’s exact test, or, where applicable, the McNemar test.
All tests were two-tailed, and statistical significance was set
at p<0.05.

RESULTS
Study Population and Baseline Characteristics

A total of 80 children were enrolled during the study period
and subsequently randomized to the levetiracetam (LEV, n=37)
or carbamazepine (CBZ, n=43) groups. During the follow-up
period, some patients had missing data or were lost to
follow-up; therefore, analyses were performed using the data
available at the relevant time points. No statistically significant
between-group differences were observed in terms of baseline
demographic or clinical characteristics.

Based on clinical history, a broad spectrum of focal seizure
types was observed, including focal aware seizures, focal
seizures with impaired awareness, focal motor seizures, focal
non-motor seizures, and focal to bilateral tonic—clonic seizures.
In some patients, precise seizure classification was not possible
because seizures were infrequent, occurred exclusively during
sleep, were unwitnessed, or were reported by unreliable
observers. Nevertheless, no specific epilepsy syndrome or
structural abnormality was identified in any patient, including
those classified as non-responders.

29
Carbamazepine (n=43) p
8.02+3.52 0.417*
26.09+11.01 0.852*
0.591%**
20 (46.5)
23 (53.5)
Seizure Levetiracetam Carbamazepine p
frequency n (%) n (%)
Month 3 0.061
Decrease 36 (97.3) 36 (83.7)
Increase 1(2.7) 1(2.7)
No change 0(0) 6(14.0)
Month 6 0.962
Decrease 30(81.1) 35(81.4)
Increase 4(10.8) 4(9.3)
No change 3(8.1) 4(9.3)
Month 12 0.155
Decrease 26 (86.7) 26 (100)
Increase 3(10.0) 0(0)
No change 1(3.3) 0(0)
Chi-Square Test.

Patient Characteristics

Prior to the initiation of monotherapy, patients had been
treated exclusively with benzodiazepines for acute postictal
management, and no other antiseizure medications had been
administered. The two treatment groups were comparable
with respect to baseline demographic characteristics (Table 1).
However, only 70% of the patients were able to complete the
12-month evaluation.

Treatment Efficacy

Seizure incidence between scheduled follow-up visits was
compared between treatment groups at 3, 6, and 12 months
(Table 2). At the 3-month assessment, patients receiving LEV
showed a numerically greater reduction in seizure frequency than
those treated with CBZ; however, the between-group difference
did not reach statistical significance (p>0.05). By month 6, seizure
frequency had decreased to a comparable degree in both groups
(p>0.05). At 12 months, a reduction in seizure frequency was
observed in 26/30 patients (86.7%) in the LEV group and in
26/26 patients (100%) in the CBZ group; however, the observed
difference did not achieve statistical significance (p=0.155).
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Drug Levetiracetam Carbamazepine p

resistance n (%) n (%)

Month 6 0.240%*
Absent 29 (%78) 39 (%90)
Present 8 (%22) 4 (%10)

Month 12 0.407*
Absent 28 (%93) 26 (%100)
Present 2 (%7) 0 (%0)

Treatment Outcomes at Month 6 vs. Month 12 0.317**

*: Chi-Square Test; **: McNemar Test.

Because of loss to follow-up and missing data, the number of
evaluable patients differed across follow-up visits, particularly
at month 12.

Assessment of Treatment Resistance

In this study, treatment resistance was defined based on clinical
management decisions, specifically discontinuation of the
drug or the addition of another medication to the treatment
regimen.

The evaluation of treatment resistance is presented in
Table 3. No statistically significant difference was observed
between the LEV and CBZ groups in terms of the distribution
of treatment resistance at 6 months (p=0.240). Similarly, no
significant difference was found between the groups at 12
months (p=0.407). In the within-group analysis, the distribution
of treatment resistance between the 6- and 12-month
assessments was compared using the McNemar test, and no
significant change was detected (p=0.317).

Although the proportion of patients classified as
treatment-resistant appeared lower at 12 months than at 6
months, this comparison should be interpreted cautiously
because the number of patients with available follow-up data
differed between time points.

Treatment-related Adverse Events

No hematological or renal complications were reported in either
group. Hepatic complications were observed as elevations in

Table 4. Distribution of behavioral adverse effects duri

3-month
LEV (n=37) CBZ (n=43)
Irritability 13 (35.1) 6(13.9)
Inattention 1(2.7) 1(2.3)
Social withdrawal 1(2.7) 1(2.3)
p 0.036
Fisher’s exact test. LEV: Levetiracetam; CBZ: Carbamazepine.
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Figure 1. Distribution of serum creatinine levels.

liver enzyme levels exceeding three times the upper limit of
normal during the first month of treatment. Liver function tests
returned to normal within one week after discontinuation of
the medication.

Transient liver enzyme elevations were observed during
the first month in some patients and resolved after drug
discontinuation. No persistent hepatic, hematological, or renal
complications were detected during long-term follow-up.
Serum creatinine levels remained stable throughout the study
period in the LEV group. In the CBZ group, a mild but statistically
significant decrease in creatinine levels was observed at 6
months; however, this difference became clinically negligible
by the 12-month follow-up (Fig. 1). Overall, both medications
appeared safe with respect to long-term renal function.

In the LEV group, irritability was the most commonly reported
adverse event, affecting 36% of patients at the 12-month
assessment. Inattention and social withdrawal were infrequent
throughout follow-up and were no longer observed in the LEV
group by month 12. At 3, 6, and 12 months, the distribution of
psychological adverse effects differed significantly between the
LEV and CBZ groups (p<0.05) (Table 4).

DISCUSSION

Levetiracetam (LEV) has emerged as a promising first-line
antiseizure medication for newly diagnosed epilepsy due to its
rapid and sustained efficacy in both adults and children with
focal-onset seizures, favorable tolerability profile, predictable

6-month 12-month
LEV (n=37) CBZ (n=43) LEV (n=30) CBZ (n=26)
12 (32.4) 3(6.9) 11 (36.6) 2(7.6)
1(2.7) 1(2.3) 0(0) 1(3.8)
1(2.7) 1(2.3) 0(0) 0(0)
0.007 0.021
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pharmacokinetics, absence of enzyme-inducing properties,
and limited potential for clinically relevant drug interactions.
Despite these advantages, data regarding the efficacy and
safety of LEV as monotherapy in childhood epilepsies remain
limited, as most available studies have evaluated LEV primarily
as adjunctive therapy. Consequently, evidence supporting its
use as initial monotherapy in pediatric focal epilepsy is still
relatively scarce (26-29).

In this study, we evaluated levetiracetam (LEV) and
carbamazepine (CBZ) as first-line monotherapy in children
with newly diagnosed focal epilepsy, with particular emphasis
on seizure-related outcomes and tolerability. Overall, seizure
control achieved with LEV was comparable to that observed with
CBZ. Although seizure control appeared numerically higher in
the LEV group across the first 3 months, the observed between-
group difference did not achieve statistical significance.

Consistent with our findings, previous studies have reported
that LEV and CBZ monotherapies demonstrate comparable
efficacy and are generally well tolerated for treating pediatric
focal epilepsy. In contrast, one study suggested that LEV may
be more effective than CBZ in achieving seizure control in
childhood focal epilepsies, which is not in agreement with our
results (30). Moreover, a randomized controlled clinical trial
conducted in adult patients observed no statistically significant
efficacy difference between LEV and CBZ as therapy for focal
seizures; however, seizure freedom was achieved more rapidly
and was sustained for longer durations in adults (31). These
more rapid and pronounced treatment responses in adults may
be attributable to age-related differences in metabolic rates
and physiological characteristics when compared with pediatric
populations (21, 32).

Several studies conducted in both adult and pediatric
populations have suggested that LEV monotherapy may
be effective even at relatively low doses in controlling focal
seizures (33-35). In our cohort, treatment with LEV was
initiated at 20 mg/kg/day, with dose escalation permitted up
to 40 mg/kg/day until seizure freedom was achieved. Notably,
none of the patients required discontinuation of LEV due to
serious adverse events.

A retrospective chart review evaluating treatment failure rates
among children and adolescents receiving LEV, valproate, or
oxcarbazepine monotherapy reported higher failure rates with
LEV as initial treatment compared with the other agents. This
was attributed to insufficient efficacy in generalized and focal
epilepsies, respectively. In addition, findings from the SANAD
study did not support the use of LEV or zonisamide as first-line
treatment in focal epilepsy, instead recommending lamotrigine
as the preferred initial therapy. Another study involving 52
patients aged 6 months to 16 years with partial or generalized
epilepsy noted a >50% seizure-frequency reduction in roughly
half of the cohort and a 25-50% reduction in the remaining
half, while in two patients, the drug was withdrawn because
of adverse reactions (36—38). The heterogeneity of these
results may be explained by methodological differences across
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studies. In particular, the retrospective design of many studies
precluded randomization, and the wide range of LEV doses
used in focal epilepsy (27.1-108 mg/kg/day) limited meaningful
comparisons of treatment efficacy. In contrast, in our study, a
reduction exceeding 50% in seizure frequency was attained by
97.3% of patients at 3 months, 81.1% at 6 months, and 86.7%
after one year of follow-up in the LEV group. These findings
support LEV as an effective and safe monotherapy option in
childhood focal epilepsy. Long-term follow-up revealed low
resistance rates and high overall response rates with both
medications. Although resistance appeared slightly higher in
the LEV group early in treatment, this difference was no longer
evident by the 12-month follow-up.

A population-based real-world study using linked healthcare
databases from Ontario reported an incidence of acute kidney
injury of 30 cases per 10,000 patient-months within the first 30
days after LEV initiation. Similarly, a large claims-based study
in the United States demonstrated only a marginal increase in
the risk of acute renal failure following LEV initiation compared
with other antiseizure medications in previously untreated
patients (39, 40) Both LEV and CBZ appeared to be safe with
respect to gastrointestinal and renal function during long-term
use. Neither medication exerted a clinically significant effect on
serum creatinine levels in our cohort.

LEV is generally well tolerated, with behavioral changes and
irritability being the most commonly reported adverse effects.
The lowest incidence of adverse effects has been reported at
doses around 40 mg/kg/day. Psychomotor slowing has been
described at higher doses (approximately 65 mg/kg/day) and
has been shown to resolve with dose reduction to 50 mg/kg/
day. Previous studies have reported significantly higher rates of
irritability in LEV-treated patients compared with those receiving
CBZ, whereas somnolence has been more frequently observed
in the CBZ group (21, 30, 38). In our study, behavioral changes
and irritability were also the most frequently observed adverse
effects in the LEV group, and the distribution of psychological
adverse effects at 3, 6, and 12 months differed significantly
between treatment groups (p<0.05). As the maximum LEV dose
used in our cohort was 30 mg/kg/day, psychomotor slowing was
not observed. Importantly, none of our patients discontinued
treatment due to adverse effects, underscoring the importance
of close behavioral monitoring during LEV therapy.

The strengths of this study include its randomized design, the
relatively limited number of randomized clinical trials conducted
in pediatric focal epilepsy, the use of a single standardized CBZ
formulation, and the achievement of homogeneity between
treatment groups. However, several limitations should be
acknowledged, including the inability to measure serum levels
of the study drugs LEV and CBZ and the lack of systematic
assessment of psychological variables such as depression
and anxiety. Future prospective research with larger cohorts,
extended follow-up, and a more comprehensive assessment of
psychological outcomes is needed to support stronger, more
definitive clinical conclusions.
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CONCLUSION

Our study demonstrates that LEV and CBZ monotherapies
exhibit comparable efficacy and safety profiles in children
recently diagnosed with focal epilepsy. The favorable
tolerability and absence of serious adverse effects associated
with LEV support its use as a safe treatment option in pediatric
patients. Although careful monitoring for behavioral adverse
effects is recommended, both medications appear to be safe
with respect to renal and hepatic function during long-term
use. Larger, long-term prospective investigations are required
to corroborate our observations and build on these results.
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An asymptomatic case presenting with
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ABSTRACT

A two-year-old male patient was referred to our outpatient clinic due to elevated transaminase levels lasting for approx-
imately one year. Physical examination was normal, but a significant elevation in creatine kinase (CK) was detected along
with elevated AST and ALT levels (CK: 7296 U/L). Abdominal ultrasonography revealed no pathology. Although Gowers’
sign was absent on physical examination, the significantly elevated CK level suggested a muscle disease, prompting further
investigation. Genetic analysis revealed a hemizygous deletion (exon 8-11 deletion) in the Duchenne muscular dystrophy
(DMD) gene, leading to a diagnosis of DMD. This case highlights the importance of considering muscle diseases in the
differential diagnosis of persistent transaminase elevation and significant CK elevation, even without Gowers’ sign on
physical examination, both to prevent unnecessary investigations and to enable early diagnosis and treatment.
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Persistan transaminaz yuksekligi ile seyreden asemptomatik bir vaka:
Duchenne muskdler distrofi

OzZET

iki yasinda erkek hasta, yaklasik bir yildir devam eden transaminaz yiiksekligi nedeniyle poliklinigimize yénlendirilmisti. Fizik muayenesi normal olan
hastada AST ve ALT yiiksekligine eslik eden belirgin kreatin kinaz (CK) yiksekligi saptandi (CK: 7296 U/L). Abdominal ultrasonografide patoloji saptanmadi.
Hastanin fizik muayenesinde Gowers belirtisi yoktu; ancak belirgin CK diizeyi ylksekligi nedeniyle hastada kas hastaligi disiinlldi ve buna yonelik ileri
inceleme yapildi. Genetik analizde Duchenne muskiler distrofi (DMD) geninde hemizigot delesyon (ekzon 8-11 delesyonu) saptanarak hastaya DMD
tanisi konuldu. Persistan transaminaz ylksekligi ve belirgin CK ylksekligi durumunda, fizik muayenede Gowers belirtisi saptanmasa bile ayirici tanida kas
hastaliklarinin distnilmesi gerektigini vurgulayan bu olgu, hem gereksiz tetkiklerin 6nlenmesi hem de erken tani ve tedavi agisindan 6nem tagimaktadir.
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GiRiS

Duchenne muskdler distrofi (DMD), distrofin protein eksikligi ile
karakterize, X'e bagli resesif gecisli ve progresif kas dejenerasyo-
nu ile seyreden en yaygin kas distrofisidir (1). Hastalik genellikle
erken ¢ocukluk doneminde kas gligstizlUgu ile ortaya ¢ikmakla bir-
likte, bazi olgularda ilk bulgu biyokimyasal anormallikler olabilir.

Transaminazlar yalnizca hepatositlerde degil, ayni zamanda is-
kelet kasinda da bulundugundan kas hasari durumlarinda da
yiukselebilir (2, 3). Bu nedenle DMD gibi kas hastaliklari, 6zellik-
le asemptomatik olgularda, yanhslikla karaciger hastaligi olarak
degerlendirilebilmekte ve tanida gecikmeler yasanabilmektedir.
ilaca bagli transaminaz yiiksekligi 6n tanisiyla yaklasik bir yildir
takip edilen, fizik muayenesinde Gowers belirtisi olmayan ve
erken dénemde DMD tanisi alan iki yasindaki bu olgunun sunul-
masinin amaci, aciklanamayan transaminaz yiiksekliginin ayirici
tanisinda asemptomatik olgularda bile DMD’nin dislinilmesi
gerektigini vurgulamaktr.

OLGU SUNUMU

iki yasinda erkek hasta, ilaca bagli transaminaz yiiksekligi nede-
niyle baska bir merkezde yaklasik bir yil takip edilmis ve tran-
saminaz dizeylerinde gerileme olmamasi nedeniyle karaciger
hastaligi 6n tanisi ile poliklinig§imize yonlendirilmisti. Hastanin
fizik muayenesinde herhangi bir patoloji saptanmadi ve Gowers
belirtisi yoktu. Ozgecmisinde dzellik yoktu. Soygecmisinde anne
ve baba arasinda ikinci derece akrabalik mevcuttu.

Hastanin yaklasik bir yil dnce yapilan tetkiklerinde AST: 143 U/L
ve ALT: 280 U/L saptanmis ve ilaca bagli olabilecegi distinulerek
hasta bir yil boyunca baska bir merkezde takibe alinmisti. Tran-

saminaz ylksekliginin devam etmesi Uzerine hasta ileri tetkik
amaclyla poliklinigimize yonlendirilmisti.

Laboratuvar incelemelerinde AST: 204 U/L, ALT: 286 U/L ve krea-
tin kinaz (CK): 7296 U/L idi. Abdominal ultrasonografide patoloji
saptanmadi. Belirgin CK ylksekligi olmasi izerine hasta kas has-
taligi 6n tanisi ile gocuk noroloji bélimine yonlendirildi. Ancak
¢ocuk noroloji bolimi tarafindan hastanin fizik muayenesinde
ozellik saptanmamasi nedeniyle kas hastaligi disliniilmemisti.

Tarafimizca hastada karaciger hastaligl dustinilmedi; 6ncelikle
kas hastahigl distnildi ve hasta genetik boélimiine yonlendi-
rildi. Yapilan genetik analizde DMD geninin 8-11. ekzonlarinda
hemizigot delesyon saptandi ve hastaya DMD tanisi konuldu.
Hasta ileri takip ve tedavi planlamasi amaciyla ¢ocuk noéroloji
klinigine yonlendirildi.

Bu makale igin hastanin ailesinden yazili hasta onami alinmistir.

TARTISMA

Cocukluk caginda hipertransaminazemi sik karsilasilan bir durum-
dur ve etiyolojisi oldukga genistir (3). Yiiksek transaminaz diizeyle-
ri, karaciger disi kaynaklar distndldiglinde en sik kas hastaliklari-
nin ve hemolizin bir belirtisi olabilir. Beraberinde belirgin diizeyde
CK yuksekligi de varsa bu durum kas yikimina isaret eder (3). Bu
hastalarda bilirubin ve GGT diizeyleri de normal seviyededir (4).
CK seviyesindeki ylkselmeye ayrica ilaglar veya toksinlerin neden
oldugu hicresel nekroz ve yogun egzersiz de neden olabilir (5, 6).

Kas hiicre hasari, AST ve ALT diizeylerinde belirgin artisa neden
olabilir. Bu nedenle 6zellikle agiklanamayan transaminaz yliksek-
liginde ilk agamada CK diizeyinin degerlendirilmesi kritik 5neme
sahiptir (2, 7). DMD gibi kas distrofilerinde CK diizeyleri genel-
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likle belirgin sekilde ylksektir ve bu durum tani igin 6nemli bir
ipucu saglar (8). DMD’nin erken déneminde klinik bulgular be-
lirsiz olabilir ve fizik muayene normal saptanabilir. Bu nedenle
yalnizca klinik bulgulara dayanarak tani koymak zor olabilir. Lite-
ratiirde, DMD tanisi alan hastalarin bir kisminin ilk olarak hipert-
ransaminazemi nedeniyle degerlendirildigi bildirilmistir (2, 7, 8).
Bu olgu, persistan transaminaz yiksekligi olan asemptomatik
hastalarda oncelikle kas hastaliklarinin ayirici tanida dusindl-
mesi gerektigini gostermektedir. Erken donemde CK dizeyi 6l-
¢limiinln yapilmasi, gereksiz hepatolojik tetkiklerin 6nlenmesi-
ne ve taninin hizlandirilmasina katki saglar.

SONUC

Persistan transaminaz yiksekligi ile basvuran asemptomatik ¢o-
cuk hastalarda, ozellikle tabloya belirgin CK yuksekligi de eslik
ediyorsa, kas distrofileri mutlaka ayirici tanida distntlmelidir.
Erken tani, hastalarin uygun sekilde yonlendirilmesi ve yonetimi
acisindan blylik 6nem tasimaktadir.
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Acute necrotizing pancreatitis in an adolescent
patient: A case report
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ABSTRACT

Acute necrotizing pancreatitis (ANP) is a severe form of acute pancreatitis (AP) characterized by necrosis in the pancreatic
parenchyma and/or peripancreatic tissue, carrying a high risk of morbidity and mortality. This case report aims to
highlight the importance of conservative treatment and a multidisciplinary approach in acute necrotizing pancreatitis.
A seventeen-year-old male patient presented with severe abdominal pain and recurrent vomiting. Physical examination
revealed only epigastric tenderness. Laboratory investigations revealed significantly elevated serum amylase and lipase
levels. Ultrasonography showed findings consistent with AP. Due to a gradual increase in CRP levels and persistent
epigastric tenderness, contrast-enhanced abdominal CT revealed increased pancreatic edema and hypodense areas in
the trunk and tail sections of the pancreas that did not enhance with contrast. Based on the clinical, laboratory, and
radiological findings, the patient was diagnosed with ANP. The patient was treated conservatively with intensive therapy
and close clinical monitoring.
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Adolesan bir hastada akut nekrotizan pankreatit: Bir vaka sunumu

OzZET

Akut nekrotizan pankreatit (ANP), pankreas parankiminde ve/veya peripankreatik dokuda nekroz ile karakterize, yiiksek morbidite ve mortalite riski tagiyan
akut pankreatitin (AP) siddetli bir formudur. Bu vaka sunumunda, akut nekrotizan pankreatitte konservatif tedavinin ve multidisipliner yaklagimin 6nem-
inin vurgulanmasi amaglanmaktadir. On yedi yasinda bir erkek hasta, siddetli karin agrisi ve tekrarlayan kusma sikayetiyle basvurdu. Fizik muayenesinde
yalnizca epigastrik hassasiyet mevcuttu. Laboratuvar incelemelerinde serum amilaz ve lipaz diizeylerinde belirgin bir yiikselme saptandi. Ultrasonografide
AP ile uyumlu bulgular saptandi. CRP diizeylerinde kademeli bir artis ve devam eden epigastrik hassasiyet nedeniyle kontrastli abdominal BT ¢ekildi. BT'de
pankreas 6deminde artis ve pankreasin govde ve kuyruk kisimlarinda kontrast tutmayan hipodens alanlar gorilda. Klinik, laboratuvar ve radyolojik bulgu-
lara dayanarak hastaya ANP tanisi konuldu. Hasta yogun tedavi ve yakin klinik takip ile konservatif olarak tedavi edildi.

Anahtar Kelimeler: Akut nekrotizan pankreatit; akut pankreatit; gocuklar.
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INTRODUCTION

Acute pancreatitis (AP) is a clinical syndrome characterized by
acute inflammation of the pancreas, accompanied by abdominal
pain and elevated pancreatic enzyme levels. The incidence of
AP in children has been reported to increase in recent years (1).
The incidence of acute pancreatitis in children is estimated to
be approximately 33—74 per 100,000 children per year (1).

The etiology of AP in children differs from that in adults. Biliary tract
diseases, drugs, systemic diseases, metabolic disorders, trauma,
and genetic causes are the most common etiological factors (1, 2).
The etiology is idiopathic in a significant number of cases.

The clinical spectrum of AP ranges from mild edematous
pancreatitis to acute necrotizing pancreatitis, characterized
by necrosis of the pancreas and surrounding tissues (3). It is
estimated that less than 1% of children with acute pancreatitis
develop necrotizing pancreatitis (4, 5). Necrotizing pancreatitis
is characterized by necrosis of pancreatic or peripancreatic
tissue and is associated with serious local and systemic
complications (1, 6).

The aim of this case report is to present a case of acute necrotizing
pancreatitis that developed and progressed severely in an
adolescent patient and to highlight acute necrotizing pancreatitis
and the importance of a multidisciplinary treatment approach.

CASE REPORT

A seventeen-year-old male patient presented with complaints
of severe epigastric pain and recurrent vomiting that had
started suddenly the previous day. It was learned that the pain
radiated to the back and worsened with meals. His medical

history included no known chronic illnesses, regular medication
use, trauma, or alcohol consumption. There was no family
history of pancreatitis or metabolic disease.

Physical examination revealed that the patient’s general
condition was fair, and vital signs were stable (blood pressure:
120/70 mmHg, heart rate: 88/min, temperature: 36.8°C).
Abdominal examination showed no pathology except for
epigastric tenderness. Other system examinations were normal.

At the time of admission, laboratory tests revealed serum
amylase of 600 U/L, lipase of 3144 U/L, C-reactive protein (CRP)
of 6 mg/L, and a white blood cell count of 16.59 x 10%uL. Liver
function tests, total bilirubin, kidney function tests, electrolytes,
triglyceride, and calcium levels were within normal limits. The
etiological workup was unremarkable. However, serum IgG4
levels could not be measured to evaluate for autoimmune
pancreatitis.

Ultrasonography revealed that the head of the pancreas
measured 23 mm in the anteroposterior direction and showed
a minimally hypoechoic heterogeneous appearance; no free
fluid was detected in the abdominal cavity. Contrast-enhanced
upper abdominal computed tomography (CT) showed a slightly
thickened and edematous pancreas with free fluid in the
peripancreatic space; the findings were consistent with acute
pancreatitis (Fig. 1).

The patient was followed up with a preliminary diagnosis of
AP. Oral intake was stopped, and intravenous fluid replacement
(2500 cc/m%day) was initiated. Intravenous paracetamol was
administered for analgesia, along with a proton pump inhibitor,
and cefotaxime was given empirically as an antibiotic after
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Figure 1. Contrast-enhanced abdominal CT demonstrates diffuse
pancreatic enlargement and edema with prominent peripancreatic fat
stranding and fluid collections. Heterogeneous hypodense areas at the
pancreatic body—tail junction, consistent with parenchymal necrosis,
are indicated by yellow arrows.

Figure 2. Follow-up contrast-enhanced CT shows increased conspicuity
and clearer demarcation of the hypodense necrotic pancreatic areas
(yellow arrows), with persistent peripancreatic inflammatory changes.

blood and urine cultures were obtained. On the second day of
hospitalization, CRP increased to 39.9 mg/L, amylase increased
to 899.7 U/L, while lipase decreased to 2031 U/L.

On the fifth day, the patient was suspected of having infective
necrotizing pancreatitis due to the lack of improvement in
clinical findings, an increase in CRP to 168.4 mg/L, and the
emergence of necrotizing pancreatitis findings on control
abdominal CT (Fig. 2). After blood and urine cultures were
obtained, antibiotic treatment was changed to vancomycin,
meropenem, and metronidazole. After evaluation by pediatric
surgery, no urgent surgical indication was considered for the
patient.
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Due to the persistently elevated CRP levels (206.5 mg/L on day
four) and the risk of progression of necrotizing pancreatitis,
amikacin was added to the treatment. Additionally, low-dose
somatostatin was initiated to reduce pancreatic secretion
and prevent damage to surrounding tissues. Since the patient
was unable to take oral medication, lipid-free total parenteral
nutrition (TPN) was started.

During follow-up, CRP levels began to decrease, and amylase
and lipase values returned to normal. Daily assessments by
pediatric surgery revealed no abscess, pseudocyst, or condition
requiring necrosectomy. Pancreatic anomaly was ruled out
by magnetic resonance cholangiopancreatography (MRCP).
Due to the presence of necrotizing pancreatitis, a pediatric
endocrinology consultation was performed. No hypoglycemic
or hyperglycemic episodes were observed during follow-up.

Somatostatin treatment was gradually tapered off and
discontinued as clinical improvement progressed. Oral intake
was gradually initiated on the eleventh day and was well
tolerated. CRP decreased to 6.8 mg/L prior to discharge;
amylase/lipase levels were 85/136 U/L on the day of discharge.

At the end of the two-week follow-up and treatment period, the
patient’s general condition was good, vital signs were stable,
oral intake was adequate, abdominal examination was normal,
and there was no epigastric tenderness. He was discharged with
instructions to return for an outpatient follow-up in one week.
Post-discharge follow-up of pancreatic function and endocrine
status was planned.

Written informed consent was obtained from the patient’s legal
guardian for the publication of this case report.

DISCUSSION

It has been reported that there has been a significant increase
in pediatric acute pancreatitis cases in recent years due to
advances in diagnostic methods and increased awareness (1).
Although most cases of AP are mild, necrotizing pancreatitis
is seen in a small percentage of patients and is a cause of
significant mortality and morbidity (1). Necrotizing pancreatitis
is characterized by the development of necrosis in the pancreatic
parenchyma or peripancreatic tissue and may lead to serious
clinical consequences. This condition carries a significant risk,
particularly in terms of systemic inflammatory response, organ
failure, and the development of infected necrosis (7).

It is thought that pancreatic microcirculatory disorders,
enzymatic autodigestion, and inflammatory cytokines play a
role in the pathogenesis of necrotizing pancreatitis (8). This
process leads to ischemia and cellular damage in the pancreatic
tissue, causing necrosis.

Contrast-enhanced CT is an important imaging method for the
diagnosis of necrotizing pancreatitis. Pancreatic areas that do not
show contrast enhancement are interpreted as favoring necrosis
(5,9). Inthe presented case, areas in the pancreatic parenchyma
that did not show contrast enhancement were detected
on CT examination, supporting the diagnosis of necrotizing
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pancreatitis. In addition, MRCP is a valuable approach for ruling
out possible congenital anomalies and determining etiological
factors. No anomalies were detected in our case on MRCP.

The cornerstone of acute necrotizing pancreatitis treatment is
intensive supportive care. Aggressive intravenous fluid therapy
administered early is critical for preserving pancreatic microcirculation
and preventing organfailure (1, 10). In addition, appropriate analgesia,
electrolyte balance, nutritional support, and early diagnosis of
complications are essential components of treatment.

It has been shown that early enteral nutrition can reduce the
risk of infection by protecting intestinal barrier function (1).
However, initial parenteral nutritional support may be required
in severe clinical conditions such as necrotizing pancreatitis. In
our case, discontinuation of oral intake and the application of
TPN contributed to the functional rest of the pancreas.

The development of infected necrosis is one of the most
serious complications of necrotizing pancreatitis. Although
the use of prophylactic antibiotics is controversial, empirical
broad-spectrum antibiotic therapy is recommended in cases
where infected necrosis is suspected (1, 8). In our case, the
progressive increase in CRP levels and imaging findings suggested
the risk of infected necrosis. Because acute infected necrotizing
pancreatitis can lead to serious morbidity and mortality in
children, aggressive treatment is necessary upon diagnosis;
therefore, combination therapy with multiple antibiotics and
lipid-free total parenteral nutrition are initiated early.

Somatostatin and its analogues can help rest the pancreas by
suppressing pancreatic secretion. Although routine use is not
recommended, it may be considered as an addition to treatment
in selected severe cases (9). The use of somatostatin was preferred
considering the severity of the clinical picture in our patient.

A significant proportion of necrotizing pancreatitis cases can be
managed with conservative treatment. Surgical or interventional
treatment is usually considered in patients who develop
infected necrosis, persistent organ failure, or symptomatic
collections (1). Early diagnosis, intensive supportive therapy,
a multidisciplinary approach, and thorough clinical monitoring
allowed for clinical improvement in the presented case without
major sequelae. This demonstrates the importance of early
diagnosis and a multidisciplinary approach in pediatric acute
necrotizing pancreatitis.

CONCLUSION

Acute necrotizing pancreatitis is a rare but serious disease
associated with high mortality and morbidity. Therefore, it
should be diagnosed early and followed up and treated with a
multidisciplinary approach.
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